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CARRIAGE DELAYS FOR AREA FiLL REGIONS

BACKGROUND

foGa1) images ars processed for uss with computing machings, such as &
print apparatus, A print apparatus, for sxample, may use control data based on
processed image dais o reproduce & physical representalion of an image by
gperating 8 print fuid ejeckon system aocording to the control data. image
processing may nclude color calibration. An image may be processed in g print
apparatus pipsline or processed offiine on separate compuis device, such a5 a print
sarvar.

BRIEF DESCRIPTION OF THE DRAWINGS

f0002] Figures 1 and 2 are blogk disgrams depicting example imaging
systems.
[0003] Figura 3 depicts an example print apparatus in which various imaging

systems may be implementad.

{0004} Figure 4 depicts exampie componeanis used 1 implement example
fmaging systems.

{00085] Figures 5-7 are flow diagrams depicting example methods of operating
3 carnage of a printer.

DETAILED DESCRIFTION

fonas] in the following description and figures, soms sxample
implanantations of print apparstus, imaging systems, and/or methaods of operating a
carriage of a printer comprising are described. In examples described herein, a “print
apparatus’ may be a device 1o print content on a physical madium {&.4., papsyr,
fextiles, a laver of powdear-based bulld material, el ) wath a print msteral {(8.g., bk ar
toner). For example, the pint apparatus may be a wideJformat print apparatus that
prints lalex-based prnt 8uld on 8 print medium, such a8 8 print medium that 8 size
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A2 or lavger. In some sxamples, the physial medium printsd on may be 3 web rolf o
a pre-cut sheet. In the case of printing on 2 layer of powder-basead buld material, the
print apparatus may ulilize the deposition of print materials in a layer-wise additive
manufactuning process. A prind gpparatus may wlilize suilable print consumables,
such as ink, toner, fulds or powders, or other raw matedals for printing. In some
axamples, & print apparatus may be a three-dimensional {30} print apparatus. An
example of flud print material is 8 water-based latex ink sjectable from a print head,
such a8 g piezogeckic print head or a thermal inkist print head. Other examples of
print fluid may include dye-basad color inks, pigment-hased inks, solvents, gloss
snhancers, fixer agents, and the like.
{0007 Cerdain examples described harein relate o color calibration of 3 print
systam, For example, color calibration may be used o adjust the color response of the
print system 1o more accurately correspond 1o a desired color o be printed. Color
calibration may be ussd o calibrate s color mapping process by which a first
representation of a given color is mappead {0 8 second representation of the same
calor. The concept of "colar” can be representad in a Iarge vanety of ways, such as in
refation {0 a power o intensity spectrum of slectromagnatic radialion across & rangse
of visitde wavelengihs or a oolor nwdet s used 10 represent a oolor 8t g lower
dimensionality, A "color” may be said to be a category that is used {o denote similar
visual perceptions where fwo colors are said {o be similar i they produce a similar
effect on a group of one or more peaple. These calegories can then be modslied using
a lower number of variables. In an example printing pipeline, individual inks may be
calibrated separately so that printed codors are similar 1o or mateh desirad oolors,
fo008] A color model may define a color space, e, 8 mulli-dimensionst spacs
with dimensions of the space represanting variables within the oolor mode! and a point
i the multi-dimensional space representing a color value, For example, in a red,
grean, blue (RGB) color space, gn additive color model defines three variables
representing different quantities of red, green and blus ight. Another color space
ncludes a oyan, magenta, yeliow and back (CMYK) color space, in which four
variables are used in 8 sublractive ook model o represent different guaniiies of
colorant or ink, &.¢., for a print system and an mage with 8 range of different colors
can be printed by overprining images for each of the coloranis o inks, Yat other
gxampies include: the Internations! Commission on Hiumination {GIE} 1831 XY cojor
space, in which three variables (X0, Y and "2 or tristimulus values) are used to moded
2
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a color the CIF 1876 (17, &, b - CIELAB or ‘LAR'Y color space, in which three
variables reprasent lighiness (1.} and opposing color dimansions {8 and "By and the
Yy color space, in which thres varables represent the luminance (Y} and fwo
chrominance dimensions (U and v, Other spaces include arga CoOVErage spaces,
such as the Neugebsuer Primary area coverage (NPac) space, where each NPag
veotor may define the probability distibution for one or more colorant or ink
combinations for sach pixel in 8 haiftone {e.9., 3 likalihood that a particular colorant or
ink combination s {0 be placed al sach pixel location i the halftone).
fa008] in themmal inkjel printing, nozzles are fired using pulses of energy
through resistors. Heatl accumudaled during the firing process may changs the
properiies of the liquid inside the print head. During runs using media greater than a
AZ tength, for example, the print head surface temperature may changs as much as
ten degrees Celsius from swath o swath {L.e., sach pass of the print head over the
madig) and may gensrally change over the time of the print job. Such pant hesd
tempearature changes may affect drop characlerdstics, such as drop weight and drop
velocity. Color variation may result due to different drop characlernistics changes snd
may yield customer dissatisfaction, sspecially when working with tiles with 8 consigtent
slesired color if the result is different color variations among tles.
{0010 Various examples desgribed below relate {o color adjustment for
printing based on grea il characteristics of a print job using vanable carriage delay.
For example, color variation may occur in long print jobs and, by anslyzing the imags
data for area fills that may produce color variation, print operations may be adjusted
1o bt varigtion in oulput color, including operations such as carriage movemarnt,
Agy area 8, as used herein, is an area greater than a thweshold number of pixels that
cortaing the same coloring andior pattern, For example, an areg may be an srea fifl
region of size M x N when the region is larger than a 2 pixel threshold inthe xory
direction {&.g., media width and media advancs directions) and the pixels of the
region are all designated to be the same color combination. An araa fill region may
be any shape inclyding rectangudar, sguare, iviangular, clrcudar, sto., or any free fram
shape that achieves the size thrasholds, The continuous pixels of the ares may have
an imags quality effect with respedt o the andivety of the area. The color sdiustment
of an ares of an mage may involve identiiving whether an area fill region axisis,
whether the color of the areg is sensitive to carriage delay, and 8 change in delay
behwesn passes of the print camiage (1.8, interswath delay} o compensate for a

3
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potental color varigtion. By implementing a vaniable inferswath delay bassd on the
detay-saensitivity of a color, an area il of that color may be uniforn over the entire
area il {e.g., without color variation due o lengthy print jobs of the same color).
{0014 Figures 1 and 2 are block disgrams depicling sxample inaging
systems, Referring o Figure 1, the example imsging system 180 of Figure 1
generally includes 3 carriage 102, 8 color variation engine 104, and & delay engine
108, In genersl, the color varatlion sngine 104 may analyze the image data 108 for
potential color variation conditions and the delay enging 108 may enlify g delay to
apply to movemeant of the carriage 102 during printing of the region corresponding to
the potential color variation condifion.
{0012} The sarriags 102 represents mechanical structure ©© move slong a
path. For example, a printer carriage may include 8 print head receiving station for
retaining a print haad for gjecting print fluid on 8 print medium, where the print
carriage is supported by a carriage beam across the width of a printer that gliows the
carriage o move along 8 scan axis over the width of the print medium.
{0013} The color variation engine 104 represents any circuitry of combination
of circuitry and exscutable instructions 1o ’entify & polential color variation condition
corrsspanding 1o an area il region of image data 108 of 3 prind job. For sexample, the
colar vanation enging 104 may be a combination of circuitry and executable
instructions to determing an area fill region of a print job is greater than a threshold
size and determing whether the region 8 to be filled with g delay-sensitive solor
combination. A potential color vanation condition represents a plurality of printing
parameters cormasponding to the image dats of & print iob that may generste &
variation in color across a region that is intended {o be the same color. For example,
a prind job largsr than the print meditm may be prindsd on and cuf info tles and then
attached together, where g color in & first e may look different from the same color
in the second file due {o some varialion of firing characteristics.
{0014} The color variation engine 104 identifies the potential color variation for
a region of the image data 108 based on the size of the ares fill region and the color
of the areg fill region. A color as discussed further herein is referred to s a color
combination of colorant print fluid, which may include g combination of coloramts
within a color space of a printer (o produce & particular color as well as the use of 8
single colorant to produce the color {8.4., use of cyan color ink to produce & cyan
colored area fill region). Various color combinations may have differing sensitivity
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and fimitations of area sizes befors a color variation may ocour, For sxampls, a dark
purple may not be sensitive to color vartation from longer runs, while g light lurquoise
may be sensitive 1o color variation of runs of similar length. For ancther example, a
grean region may start 1o vary i hue after 30 swaths of the length of the prind
mediun while an orange region may have variation after 20 swaths of the length of
the print medium. Some color variations may be compensated for by increasing the
interswath delay while printing the area fill, which may, as an example, give the print
fluid more consistent firting properties. The colors may corespond 1o use with 8 prind
head, for example, the varnation threshold may be based on the number of
sonsacutive nozzie firings for a particular type of print head. For example, if any of
the print heads with oyan, magenia, or yaliow sirpasses more than a ceriain number
of consecutive nozzle firings in & swath, a color shift may cccur over time based on
changes o the surface of the print head, such as changes in temperature of
amownts of print fluid sticking 1o the print head. Colors may be correlated for the
purpesas of delay determingtion basad on print head configuration. For example, i
cyan and black are fired out of a first print head and magenta and yellow are fired out
of a second print head, the thrasholds may be corslated 10 8 combingtion of the
colars corrasponding 1o each print head,

{00156} The color variation engine 104 may determine which swaths
correspond 1o an area il region of image data of a particular color combination and
determine the area fill region is prone 1o oolor variation, such as by comparing a
pumber of swaths of the print job for the region o a vanation {hreshald
corresponding o the color combination. The color variation sngine 104 may perform
& densitometer analysis to identify primary color values 1o be used {o print 8 region,
whare the combination of primary color values represents a solor combination of the
region. An area il region may be kentified when the primary color values are
consistent for g threshold amount of firings corresponding fo the region. The
variation thyeshold may be pradstermined or may be caloulated from predetermingd
values, For example, the color varialion engine 104 may use 3 dala resquree, such
as 7 lookup fable, thet associates g color combination with & number of swalhs
corresponding o the variation threshold {e.g., the maximum number of swalhs
before a color variation is likely with that color). The color variation engine 104 may
retriave a color variation proneg threshold amount from a lookup tabde that includes an
array of sensitive colors and inferswath delays corresponding to each of the sensitive

£



WO 2019/164527 PCT/US2018/019675

colors, whers the interswath delay may b used by the delay engins 1068 1o apply 8
change fo movemant of the camiage of the printer.
[0016] The color variation engine 104 may frack the output of the swaths
printing a color combination for more than g threshald number of swaths. For
exampie, the color variation engine 104 may inclutde a combination of circuitry and
axacutable instructions to perform g densifometer anslysis {0 observe a number of
swaths that are fo print a parlicudar color combination, which may ocowr before the
print job baging or before & set of swaths is performed. For another sxample, the
color variation engine 104 may include a combination of circuilry and exscutable
nstructions 1o monitor oolor varations during printing, such as using active color
sensors near the print zons {0 identify a difference between output of 8 previous
swath and cutput of 8 subsequent swath, The size of the area il region may be
entified by a width of the area fill region {with respect o, for example, the scan axis
of the carriage holding 3 print head o print the area i region) and the length of the
grea BH region (with respeact {o, for exampie, the media advance direction, sich as g
riumber of swaths along the media advance direction where a swath may be the
fength a rench of nozzies of the print head 10 be coupled 1o the camiags of the
printer).
0017} The daeday enging 108 represents any circuitry or combination of
circuilry and executable instructions 1o apply a camiage delay strategy according to s
potential color variation condition {8.4., the polential color variation condition
dentifiad by the color variation enging 104) and the size of the area fill region. For
example, the delay engine 106 may be a combination of circuitry and sxecutable
mstructions to identify an amount of thine o delay between swaths bassd on the
oolor and size of the area fill region identifiad by the color variation engine 104 and
instruct the print cariage 1© perform the printing operations with the amount of time
delayed in between a first and second pass corresponding to the region. The delay
angine 108 may uss pradstemuined iformation andior caloulations o idsntify the
delay 10 apply 1 movemeant of the camiage when prinding an sresg fill region of a
particular size and a particular color, For axample, the delay engine 104 may
calculate an interswath delay Dased on the number of swaths of the print job for the
ares fill region and the number of swaths sxoseding a variation threshold
corrasponding o the color combination, where the variation threshold maybe a
pradetermined number of swaths corresponding {0 the color combination.

&
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fa018] The camage delay stralegy mpresents any iming adjiustments appliied
fo carriage movemeant, whather untform orvariable. For example, the carage delay
sirategy may be an oulline of swaths categorized o include particular amounts of
interswath delays, which may be defays in sddiion 1o mechanical delays under
average operation or may be folal delays desired between swaths. The smount of
time o delay as discussed herain may be 3 vanable amount of fime less than one
second and greater than zero.

{0019 The delay engine 106 uses e color information and the size
information of the area il {o dentily the amount of time {0 delay the camiage
between swaths. The delay engine 108 may use other characieristics of the print job
or status of the prinder. For sxampls, the delay enging 108 may delermine an
irterswath delay based on a size of 8 number of tiles of the print job and a job length
of the print job and determine an adjustment of the interswath delav based on the
ncation of the area 8l region comparsd o the size of the number of tiles. In that
axampie, the delay may not be used for area fills that are near the same side of the
apittoan of the printer, for example. As ancther example, the locstion of the area 8
on the media may be used to make further adjustments or remove delay of the
carriage wheare the travel time {0 the gres i region may be counted as part of the
gelay, such as travel ime {0 the canter of the maedia for an sres 1l gt the center of
the media,

[0020] Iy some examples, funclionaliies described harain in relation to any of
Figures 1-2 may be provided in combination with functionalifies described herain in
redation o any of Figurss 3-7.

[o021] Fgure 2 depicts the exampls system 200 may comprise g memory
resource 220 operatively coupled 10 a processor resource 222, Referring 1o Figurg 2,
the memory resource 220 may contain a sst of instructions that are executable by
the processor resource 222, The set of instructions are operable to cause the
RrOCessor resourca 222 fo perform opsrations of the gsystem 200 whean the sst of
instructions are executad by the rocessor resowree 222, The set of instructions
stored an the mamaory resowres 230 may be represented a5 g color vanation module
204 and a delay module 208, The color vadation module 204 and the delay module
206 represent program mnstructions that when executed function as the color
varigtion engine 104 and the delay engine 106 of Figure 1, respectively. The
DIOCESSOr resource 222 may carry out a set of instructions 1o execute the modules

-
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204, 208, andfor any other appropriate opsrations among andior assocated with the
madutes of the system 300
[0022] For exampie, the Drocessor resourcs 222 may cary ot a set of
instructions to determine a trigger value corasponding o condilions that identily
image data includes an area fill region of a threshold width and & color for the ares
fill region is prone o show color varigtion bevond a threshold amount, frack 8
paramster of the images data comesponding to the area fill region, compars the
tracked paramster {0 the bgger value 1 delermine if the area fill region ig being
printed after a threshold number of swaths, and apply a change 1o & varisble
iterswath delay of movemsnt of 3 printer carriage corresponding 10 a printing
ppearation for printing the grea il region beyond the threshold number of swaths
when the parameters achieve the trigger value {8.g., change a variable interswath
delay of the carriage when the area fll is 10 be printed after a threshold number of
swath corresponding 10 the sensitivity level of the delay-sensitive color combination).
For another example, the processar resource 223 may carry owt a sat of instructions
to dentify a number of consecudive swaths of the region that use the same color
across the scan axis, identify a threshold number of swaths o be printed maintaingd
i sames oodor propartions of the region based on coky values of the color for the
area fill region, determine g number of subsequent swaths beyond the threshold
number of swaths, evaluate the image data of the number of subsequent swaths
against a previous swath, and delay movement of the carriags in belwesn swalhs
according to the evaluation of the number of subssquent swaths {0 the previous
swath, For yet another exampls, the processar resource 2232 may cany out g set of
mstructions 1o detemmiing that the color of the area fill region is & color sensitive color
combination via a densitomstesr analysis {o ientify and associate a delay with the
sensitive color combination based on a composition of the color compared v
pradetermined colors with color variation sensitivity when the grea fil is to be printed
after a threshold number of swaths corrssponding o & sensitivity lavel of the delay-
sensitive combination. For yat another example, the Drocsssy resourcs 2228 may
carry put g set of instructions 1o relrieve and use a lookup lable entry corresponding
o the color to identily a color variation frigger value or dynamically computs the
{ngger value of the color based on a composition of the color compared o
pradetarminad colors with color variation sensitivity and a predetermined delay
corrasponding 1o the color variation sensitivity of the colors of the composition. For
&
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yat another gxample, the processor resource 228 may cany owd 8 st of instructions
fo determine & job widith and 2 job length fromy image data, the image dats being
raster image processed data and apply the change of the vanable inferswath delay
of movement of the carrage basead on a location of the area fill region with respecito
& scan axis of the printer direction and a direction of a swath {o be printed.
{0023] Although these particular modules and various other modules are
Hustrated and discussed in relation fo Figure 2 and other exampls implementations,
ather combinations or sub-combinations of modules may be included within othsy
implementations. Said differently, although the modules Hlustrated in Figwre 2 and
discusaed i other sxample implementations parform spedific functionalifies i the
sxampies discussed hersin, these and ofbar funclionalities may be sccomplished,
implemented, or realized at dfferent modules or at combinations of modules. For
axample, two of more modules lustrated andfor discussed 35 separate may be
combined into a module that performs the Rinclionalifies discussed in relation o the
two modules. As another sxample, functionalities performed at one module as
discussead in relation to these examples may be performed at a different module or
different modules. Figure 4 depicts yet another example of how functionality may be
prganized info maodudes.
{00243 A processor resource is any sppropriate cireutry capable of processing
{a.g.. computing} instructions, such as one or multiple processing elements capable
of retrisving instructions from a mamaory resource and exaculing those instructions.
For example, the grocessor resourcs 222 may be a cantral processing unit (CPU}
that snables irterswath delay adiustments by fetching, decoding, and exacuting
modules 204 and 206, Example processor resources include st lsast one CPUL 8
semiconductor-basad mICTOProcessor, 8 programmabie logic device (PLD), and the
fike. Example PLDs include an application specific integrated circult {ASIC), a fisld-
programmable gate aray (FRGA), a programmable array logic (PAL}, a complex
programmable logie device {CPLDY, and an erassbls programmable fogic devics
{EPLDL A processor rescurce may include rmuiliple processing siements that are
integrated in 8 single device or distributed across devices. A processor resource may
process the instructions sevially, concurranity, or in partial concurrence,
[0025] A memory resource reprasents a medium (o store data utiized andior
produced by the systermn 200, The medium is any non-fransitory medium or
combination of non-transitory media able 1o electronically store dats, such as

o
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modules of the systam 200 andior data ussd by the system 200 For exampls, the
madium may be a storage madium, which is digtinct from a ransifory ransmission
medium, such as s signal, The madium may be machine-readable, such as
computer-seatable, The medium may be an slectranic, magnetic, oplical, or olher
physicat slorage device that is capable of containing {Le., sloring} executable
instructions. A memory resource may be said {0 stare program instructions that when
axecuted by a proCcessor resource causs the processor resourse 1o implement
funchionalily of the sysiem 200 of Figure 2. A memory resource may be integrated in
the same device 38 3 Drocessor resource of it may be separate but accessible o
that device and the processor resourca. A memory resource may be distributed
across devices.
{0026} in the discussion hergin, the engines 104 and 108 of Figure 1 and the
modules 204 and 206 of Figure 2 have been described as circudlry or 8 combination
of oircuitry and exacudable instructions. Such components may be implemented in a
sumber of fashions. Looking at Figurs 2, the executable instructions may be
processor-aexacutable instructions, such as program inshructions, stored on the
memory resource 220, which is 8 fangible, non-transifory computer-readable storage
medium, and the ciroullty may be glectronic clrcuitry, sUCh a8 IOCESSOT fEsoce
222, Tor execiding those instructions. The instructions residing on 8 memory
resource may comprise any set of instructions o be executed directly (such as
machine code} or indirectly {such as a scripl) by a Processor resource,
{0027 i scrme extamplas, the system 200 may includs the sxecutabls
instructions may be part of an nstallation package that when installed may be
gxecyted by 8 processor resource o perform operations of the system 200, such as
methods desoribed with regards fo Figurses 3-7. In that example, 8 memory resource
may be a portable medium such as a compact dise, a digital video dise, a flash drive,
of memory imaintained by a computer device, such as a web seiver, from which the
installation package may be downloaded and installed. in another example, the
exacidable nstructions may be part of an application or applications already
instaied. A memory resource may be a non-volatile memory resource such as read
only memory {(ROM), g volatile memory resowrce such as random access meamory
{RAM), a storage devics, o a combination thereo!. Exampls forms of a memaory
resourcs include static RAM (BRAM), dynarmic RAM (DRAM), elecirically erasable
programmable ROM (EEPROM), flash memory, or the ke, A memory resowee may
10
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include wisgrated meamony such as & haed dave (HD), 2 solid slate drres (830, wr
ant optical drive.
[o028] Figure 3 depicts an sxample print apparatus 300 in which various
imaging systems 300 may be implemented. The example print apparatus 380 s
shown to include an example print system 300 for enabling variable interswath delay
hased on area Hli chargoleristics. The syslem 300 {described herein with respect o
Figures 1 and 2) may represent gensrally any ciroudlry or combination of circuilry and
gxacutable instructions {0 identify an interswath delay corresponding o the color and
size of the area fill region. The system 300 may include & controlier 312 1o acluale
movement of a camiage 314 on a frack 316 along a scan axis represented by ine
315 and actuate a prist head coupled o the camiage 314 W ejeci print Muid onto a
print medium 310, A controfier, as ysed hargin, represents 8 combination of clrouitry
and execulable instructions, such 8s a processor resource coupled o a mamory
resourcs with 8 control program slored thereon that, when executed by the
DrOCeSsSOr fesource, cause the processor resourcs (o perform an oparation of the
cantral program.
f0029] The print apparatus 350 of Figure 3 i3 in 8 statle of printing & job bassd
oft image data fo produce ares St 330 and arsa § 340 on the medium 310, The
image data may be analyzed in regions, such as regions corresponding to swaths of
the area fill 330 and swaths of the area fill 340, Each region may have a different
infarswath dslay. An inlerswath delay used o print region 340 may be less than the
inferswath dalay used {0 print the region 330, For example, the region 340 may be
an area fill of a different color that is less sensitive than the color of the region 330
and therefore a diferend inferswath delay may be used with the number of swaths
used o print region 344 in companaon {0 interswath delay used with the number of
swaths o print region 330, For another example, an interswath delay may be a
minimal variable interswath delay {e.g., 2ero) for the swaths used to print region 340
because the width 341 of the area §ll region 340 may not achieve a scan axis width
thrashold o effect the color varialion properties of 3 print head of the prind apparatus
390, whereas the width 331 of the region 330 may achieve ar exceet the scan axis
width threshold. For yet another example, the number of swaths along the length 343
ussd o print region 3440 may not excsed the vanation threshold number of swaths o
effect the color variation properties of a print head of the print apparatus 384,
wheareas the number of swaths along the length 333 used to print region 330 may

11
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gxcesd the variation threshold, In this mannsy, each swath may be anglyzsd
according o corresponding image data o determine whather a delay @ 1o be applied
o comract color vanation based on the outpul of the print job as induced based onthe
properties and characteristios of the print apparatus 380, Such properties and
characteristics may include ink flux properies, firing characteristics, and print head
characterigtics. Example properties and characleristics include ink flux per nozzie
such as average ink flux per nozzie over g range of nozzles, fiting ensrgy, firing
valtags, firing puise, firing methods, prav head temperatures such as dis swface
temperature, trickle warm femperature, and the like.

00307 Figure 4 depicts sxample componeants used 1o implemsnt sxample
maging systems 400, Referring 1o Figure 4, the example components of Figure 4
ganerally include 8 color variation engine 404, a delay engine 4086, and a carmags
movement enging 408, The example components of Figure 4 may be implementad
on a compiite device, such as printing apparatus 380 of Figure 3 {e.g., programmed
mstructions as part of the controfier 312 of Figure 3}

[0031] The color variation engine 404 includes program instructions {such as
a conditions module 440, a track modude 442, an area fill module 444, and a color
module 448) 1o assist identification of g deigy-sansitive area fill region of a print job
request 470, The modules 448, 442, 444, and 448 may use the image data 460, the
size lookup table 482, andior the color lockup table 464 in performing operations
when sxecuted by 3 processor resource.

[0032] The conditions modude 440 reprasents program instruction that when
axaculed caUSE A PrOCessor resoures o delerming parameters, including a job wikith
and fength from raster imags processed data {8.g., the image dals 480 of Figure 41
Other parameters may include a job vps {2.4., a graphics print job or 8 {echnical
print job), a tiling mode, and a print mods. The track module 442 represents pragram
instructions that when exscuted cause a processor resource 1o track paramsters of
tha print job including primary solor valuss and an amount of sach print fluid 1o bs
grinted dunng sach swath of the print job. The area fill module 444 represants
program instructions that when executed cause 3 processor resource (o defermine a
region of area 8l For example, if a consistent amount of & color combinstion s st
being printed after a predetermined given number of swaths that can be & risk for
golor consistency. Exacution of the area il module 444 may ulilize the size lookup
table 462 to assist identification of regions having properties that indicate the area is
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an aren il The colr moduls 448 reprossats program instructions that when
exeouted causs a processor resource o delemiing the color of the area fill region
dentified by exscuting the area il modude 444, For exampie, the color may be
determined based on the primary color values {0 be used {0 reproduce the imags
data ot the ragion identified by executing the area fill module 444, Exacution of the
color module 446 may ulilize the color lookup table 464 {0 assist identification of
color combinations that may provide 3 polential oolor variation condition.
[0033) The delay engine 408 includes program instructions {such as a
sensitivity module 448, location module 450, and vanable time module 452} to assist
identification of a delay 1o apply {0 movement of a printer cariags. The modules 448,
450, and 452 may use {he image dals 460, the size lookup table 488, andior the
color jookup table 484 in performing operstions when executed by a processor
resource.
[0034] The sensitivity module 448 represents program instructions that when
axacided couse A pracessor resource (o the sensilivity of the arsg fill region
identified by executing the area il module 444 based on the color combination o be
printed in the region identified by executing the color module 446, I mulfiple sections
of color are 1o be printed in the region, the sensitivity {o inform the delay engine may
be based on the combination of colors or & sub-region (such as the region of the
most sensitive color combination of the color combinations 1o be printed). The
focation modude 450 represents program instructions that when sxecuted cause a
LEOCEesSsOr resource o wentify a location of the region with respedt 1 the media size
andéor the position of along the scan axis of the printer and determine i any
adiustments are 1o be mgde, increased, or decreased based on the location. The
varighle time module 452 represents program instructions that whean executsd cause
3 Processor rasource o identify the delay, inoluding travel time o the location, and
identify an adjustment in variable interswath delay to achisve the delay with respect
to the average interswath delay, where, in that example, the variabls intsrswath
delay is customizable and the average inferswath delay is 5 standard delay during
average apergtion. Execution of the variable ime module 452 may ylilize a tming
projection 488 comesponding o the amount of time corresponding to travel of the
sarriags for a swath or g region of swaths, where the projected timings may be
adjusted basead on the determinations of the delay engine 408 and carriage
movement instructions 472 generated accordingly.

13
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fa038] The camage engine 408 rspresents ciroutlery or & combination of
cireuitry and executable insfructions fo generate instructions to apply a delay to
raovement of a carmage {such a8 mnstructions 1o adiust an interswath delay of a
printer carniage among a number of passes} as delermined by the delay engine 408,
The carriage instrucions 472 generated by the cardage movemeant engine 408 are
applied fo the motors in charge of actuation of the movement of the camiage or
otherwise sent o the confrolier or other mechanism for operating the Carriage with
the identified delay.

[o03e] Fgures 57 are flow disgrams depicling exampie methods 500, 600,
and 700 of operating a camage of g printer. Referring 1o Figure 5, example methods
500 of operating & camiage of a grinter may generally comprise identifying a delay-
sensitive area fill and applving a change o carrage movement according o the
sensitivity of the identified delay-sensitive area fill. The methods 500, 800, and 700
are performable by systems discussed herein, such as systems 100, 200, 300 and
400,

[0037] Al black 582, a delay-sensitive color combination is determined to be
part of an area & region and the size of the area §l s detemined 10 be greater than
a threshald, The operstions at blogk 502 may include determining a region is an arsa
fifl, determining the ares il region of 3 print job is to include a delay-senailtive color
combination, and determining that the area fill region has a width along a scan axis
of the carriage thal is grealer than s threshold width coresponding 10 & sensilivity
jevel of the delay-sensitive oolor combination. The operations at black 502 may
identify a tyeshold size o achisve g color variation of a color combination andfor
raay dentify 8 color combinstion sensitive at the size of the ares 1l region using
predetermined resources, such as a lookup table, or by dynamically computing the
threshold size and sensitivity and comparing the computations to a region of mage
data.

fo038] Al block 504, a carrection o movemant of the carriage of the printer i
applied sfter a threshold number of swaths corrssponding 1o the sansithvity lsvel of
the delay-sansitive color combination identified at block 8023, The aperations at block
504 may include applving & change o movement of a printer camiages during &
printing operation for panting the area il region that extends beyond the
predeterminad numbaer of swaths when the parameters achieve the trigger valug
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{&.q., when the primary color values corresponding {o piis of the region achisve or
axcead a size threshold and the color combsination threshold).

[o038] Figurs 8 includes blocks similar 1o blocks of Figure 5 and provides
additional blocks and delalis. in particudar, Figure 8 depicts additional blocks and
details generally regarding determining, monitoring, and comparing printing
parameters, Blocks 812 and 614 are similar o biocks 502 and 504 of Figure 5 and,
for bravity, their respective descriptions sire not repeated,

{0040 Al block 842, printing parameiers of a print job, holuding & job width
and a job length, are determinad from raster image processed data, At block 804, a
region of imags data is determined 10 be an ares fill from an intemal densitomster
information analysis operation performed on image data of the printjob and is
beyond the media width andior the job length is beyond the media length. This
generally indicates a Hiling job is {o be printed and the printer may print in a tiling
mode {8.g., print Images 1o be printed separately and then aligned together (0 make
a finat outpul Image}. With tling jobs, it is desirable that the colors of aach e malch,
in particidar when the same color of gach tile are aligned adjacent {o each other. For
example, if there iz & color variation on g first tile compared 10 a second tile, the
variation may be readily deteciable at the seam where the tiles are applisd fogather.
The internal densitometer information analysis may use primary color values
corrasponding 1o identify when a region includes an area fill

{0041} Al block 808, printing paramsiers are monitored. The printing
paramsters montoy may nclude g number of noezles Ko fire g color sembination,
such a8 the color combination of the ares il region. Al ock 808, the areg fill width
of the arsa fill region is idenlified. The arpa i width is compared {0 8 tweshold size
sorresponding 1o the color sansitivity level of the color combination of the area fill
region. The width of the area fill may indicate whether a threshold level of area il
corresponding o a sensitivity level may be achisved, With the width of the area fil
identified, the length of the area fill is 10 be identified 1o delermins the size of the
area B Al block 610, the langth of the area fill may be dentified based an the
printing parameters monitored at block 808, For sxample, the nozzies of a8 print head
{0 be firad for @ previous swath sre compared with the nozzies of the printhead to be
fired a subsequent swath. in this manner, the print parameters of the swaths are
comparad {o a threshold size corresponding o the color sensitivity leved of the color
combination of the area fill region. The thresholds may vary based on the color
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combination of the area fill, such that, at bock §12, it is determined wheather a region
meludes g delay-sensitive color combination and is a size greater than the threshold
corresponding o color vanation potential of the delay-sensitive color combination. Al
black 614, a change to a variable interswath delay s appliad when the areg fill
expeeads the threshold size and the threshold number of swaths corresponding to the
delay-sensitive color combination, In this manner, the delay is applied when the area
il region is large snough in both length and width corresponding to an amount of ink
that may produce a color variation over time of he print job.
{0042} Referring to Figure 7, maethod 700 is an example of operations
performed 1o determine whether an area & region includes a delay-sensifive color
combination and s of & siza grealer than a corresponding threshold. in this manner,
block 702 represents operations performable by blocks 502 of method 500 andior
612 of method 800,
[0043] Al block 704, a section of image data corrssponding o g sCan sxis i
asceriained v be printed with g color combination. For example, a pass of a carriags
of & print head may carrespond to a set of image data, where 8 consecutive number
of firings coresponding 1o the scan axis are 1o be printed in the same color
combingtion. The operations at block 704 may also include asceriaining whether the
colar combination is sensitive (o carriage delay or not
{0044} Al block 706, a threshold number of swaths is identified corresponding
the color combination that achisves g sensitivity lavel of the color combination. The
thresholds may vary bassd on the color combination of the area 8t and may vary
tased on the sensitivity level being analyzed. The operations of block 708 may use &
fookup table entry corresponding to the color (o identify 8 color vanation threshold
{e.4., frigger valus) st block 708 andior dynamically compute the color vaniation
threshold at block 710, The operations at block 710 o dynamically compute the color
variation threshold may be based on a composition of the color compared to
pradetermmined colors with color varigtion sensitivity and 8 predstermined delay
carresponding 1 the color variation sensitivity of the coldors of the compasition.
{0045] Al block 712, g swath s determined {0 prind the section of image data
in the same color combination beyond the threshold number of swaths, thus
indicating 3 color variation potential and a correchive interswath deiay should be
applied (a8.9., sae blocks 504 and 514 of methods 500 and 800 respectively). By
actively tracking the polential for color variation of area Bl regions, movement of the
18
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carriage may be correctad sccording o sncourage consistent colors across the
entire print joby, in particular across mudtiple Hes of the same job.

fa046] Although the flow diagrams of Figures 4-7 flusirate spacific orders of
gxacution, the order of exscution may differ from that which is #lusirated. For
example, the order of execution of the blocks may be scrambled relstive to the arder
shown. Alsg, the blocks shown in succession may be sxecuted concurrently or with
partial concurrencs. All such vaniations are within the scope of the present
desoriphion.

[a047] Al of the fealures disclosed in this speacification {including any
aeoompanying claims, absiract and drawings), and/or all of the slements of any
method or process s¢ disciosed, may be combined in any combination, except
combinations whers at least some of such features andior slements are mutually
axclusive.

{0048] The terms “nolude.” "have,” and variations thereof, as used herein,
mean the same as the term "comprise” or appropriste variation thereof Furthenmors,
the term “based on,” as usad herein, means "based at least npartan.” Thus, a
feature that is described as based on soms stimulus may be based only on the
stimudus or a combination of stimull including the stimuius, Furthermaore, the use of
the words Tirst,” "second,” or related terms in the claims are not used to imit the
claim elemends to an order or location, but are merely used o distinguish separals
claim elements.

[0048] The present description has beean shown and described with refersnce
o the foregoing sxamplss. it is understood, however, that other forms, detalls, and
sxamples may be made without departing from the spirit and scope of the following
shms,
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What i ¢laimed 8

o A system comprising:

a carriage comprising 8 print hesd receiving station;

a color variglion enging o weniify g potential calor varigtion condition
corresponding o an area il region of image data of a prirt job based on & color
combination of the area §il region and a size of the area fill region; and

a delay engineg {0 apply 3 carriage delay strategy according 1o the identified
potential color vanation condition and the size of the area fill region,

2. The system of claim 1, wherein the color varigtion snging is o
determine which swaths correspond fo an area fill region of image; and
compare 8 number of swaths of the print job for the region 1o a variation
threshold corresponding o the color combination.

3. The system of claim &, wheresy
the color varialion engineg is 1o rettieve g oolor prone difference iom g fookuy
fable that includes an array of sensitive colors and interswath delays
corresponding o each of the sensifive colors; or
the delay enging I8 1o calculate an inderswath delay based on the number of
swaths of the print job for the ares fill region and the number of swaths exceading
a variation threshold corresponding 1o the color combination.

4. The sysiem of olaim 1, wherein
the color varistion engine tracks the culput of the swaths printing & color
combination for more than a threshold number of swaths;
the carriage delay strategy identifies an amount of tims {o delay between
swaths in addition o interswath delay under average aperation; and
the amount of time is g variable amount of time less than one second and
greater than zerm,

8. The system of claim 1, wherein the delay engine is

18
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determing an inlerswath delay based on a size of a number of tles of the print
joband a job langth of the print job; and

determine an adjustiment of the inferswath delay bassd on the fogation of the
arsa fill region compared o the size of the number of tiles,

&, A nonransitory computer-readable storage medium comprising a setof

insfructions executable by a Provessyr resource o)

determins a Ngoer value correspanding o condiions that lentify image daka
cludes an area fll region of 3 threshod width and a color for the area Gl region
1$ prone 1o show color varigtion heyond a threshold amount;

track a parameter of ihe image dala corresponding 1o the ares {ll region;

compare the tracked parameter 1 the trigger value o detarmins f the ares it
region s being printed after a threshold number of swaths; and

apply & changs (o a8 variable interswath delay of movement of a printer
carriage corresponding (o @ printing operation for printing the area fll region
bayond the threshold number of swaths when the parameters schisve the trigger
value.

7. The medium of claim 8, wherain the set of instructions o identify thal inage data
includes an ares Bl region is sxecutable by the processor resowrcs o

dentify & number of consecudive swaths of the region that use the
sams oofor across the scan axs,

wlantify & threshaold number of swaths o be printed maintained in same
color proportions of the region based on color values of the color for the
araa fill region;

determing a number of subsequent swaths bavond the thweshold
rumbaer of swaths, and

ovaluate the image dats of the numbser of subssquent swaths against s
pravious swath,

§. The medium of claim 8, wherein the set of instructions {o identify that image data
nicludes an area fill region is exscutable by the processor resource o
determine that the cobor of the grea il region is a color sensitive color
combination; and
18
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asscciate 8 delay with the ssnsifive color combination based on 8 composiion
of the color compared to predetermined colors with color variation sensitivity.

. The medium of claim 8, wherain the setl of instructions 1o identify that inage data

includes an area il region is executable by the processor resourcea o

use a lookup table enlry corresponding 1o the color 1o identily a color variation
trigger value; or

gdynamically compute the triggsr value of the color based on g compuosition of
the color comparead to predetermined colors with color varigtion sensithvity and a
predetemmined delay corresponding o the color variation sensitivity of the colors
of the compaosition.

10, The medium of claim &, wherein the set of instructions is executabie by the

DrOCRsSQr meowes

datermine a job width and 2 job length from image data, he image dala being
raster image processed data; and

apply the change of the vanable interswath delay of movement of the camiage
based on a jocation of the area fll region with respect 0 8 scan axds of the printer
direction and @ divection of & swath & be printed.

11. A& method of operaling a carriage of a printer comprising:

datermining an arsa fill region of & print job i {0 include a delay-sensitive
codor combination and that the area  region has & widih along a scan axis of the
carriage thal is greater than g thyeshold width comesponding 1o a sensitivity leval
of the delay-sensilive color combinstion; and

applying a correchion o movement of the camiage when the area fill is to be
printed after a threshold number of swaths corresponding to the sensitivity level
of the delay-sensitive color combination.

12. The method of claim 11, comprising:

determining 8 job width and job length Trom raster image processed dala; and

determining, from an infernal densitometer information analysis, an area Hilis
¢ be printed when the job widih axceeds the media width and when the job
length exceeds the media length,
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13. Tha method of claimy 12 comprising:
aseerfaining that a section of imsage data comesponding lo the scanaxis v o
be printed with the color combinalion;
icentifying the threshold number of swaths corresponding to the delay-
sensitive color combingtion that achieves the sensitivily level; and
determining whether 3 swath is {o print the ssction of image dala in the sams
solor combination bayond the threshold number of swaths.

14. The method of claim 13, comprising:
monionng printing parameaters including a number of nozzies o fire a color
combination during & swath; and
comparing the print parameters of 3 previous swath with a subseguent swath,

15. The method of claim 14, comprising:
identifying an area i width of the area fill region; and
comparing the ares fill width o g threshold size corresponding 1o the color
sensitivity tevel of the color combinagtlion of the area fill region;
wherain applying the correclion comprises applving a change o g variable
interawath delay when the area fill exceeds the threshold size and the threshold
number of swaths.
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