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(57) Abstract: A method of detecting printing fluid mixing is provided. A test pattern for at least one printing fluid is printed with
a printing device. The test pattern for the at least one printing tluid is scanned with a scanning device. Colorimetric data of the test

and where printing tluid mixing has occurred.

pattern for the at least one printing fluid are obtained. Metric values are determined from the colorimetric data. A statistical analysis is
performed on the determined metric values. Based on the statistical analysis, it is determined whether printing fluid mixing has occurred
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PRINT PATTERN & ALGORITHM FOR AUTOMATIC INK MIX DETECTION
BACKGROUND

{G01] Printing fluld mixing may occur when multiple printing fluids are used in a
printing device, such as an inkjel printer, for example a multicolor inkjet printer.

Printing fluid mixing detection may be implemented in these printing devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[002] Examples will be described, by way of example only, with reference to the
accompanying drawings in which corresponding reference numerals indicale

corresponding parts and in which:

{0031 Figure 1 #lustrates an example of a printing system suitable for
implementing an example method of printing fluid mixing detection according to

an example;

[004] Figure 2a illustrates an example printhead in two different views, according
to an example;

[005] Figure 2b schematlically Hlustrates an example printbar, according o an

example;

{006] Figure Z2¢ schematically lustrales an example printbar and its
corresponding supply with multiple printing fluids, according o an example;

{0071 Figure 3 is a schemalic view of a scanning device, according to an

exampie;

{008} Figure 4 is a block diagram of an example method of printing fluld mixing
detection according {0 an example;

[008] Figure 5 illustrates an example lest paftern for each primary oolor

according to an example;
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[0010] Figure 6 Hlustrates an example test pattern for one primary color having
printing fluid saturation differences and printing fluid mixing according fo an
exampie;

{0011 Figure 7 Hlustrates an example siatistical analysis chart showing oufliers
due o printing fluid mixing acoording {o an example;

[0012] Figure 8 is a two-dimensional chart iHlustrating the expected behavior in

case of printing fluid mixing for three primary colors according to an example; and

{0013} Figure © illustrates an example of a non-transitory computer readable

medium encoded with instructions according to an example.

DETAILED DESCRIPTION

{0014] In general, printing devices using printing fluids, such as inkjet printers,
may comprise one or more printheads, which are used to deposit printing fluid on
print media, such as paper, cardboard, plastic or textile, etc. Each printhead may
comprise one or more dies, each having at least one array of nozzles. In some
examples, the printing device may be a page wide array printer having a print
element, such as a printhead or a pintbar comprising an array of printheads. In
some examples, the dies may be arranged in a number of rows or columns. In
some examplas, the printing device may be a multicolor printing device. Each row
of dies may then be dedicated {o depasit printing fuid of a particudar color onto

the print medium.

[0015] When multiple printing fluids, e. g. corresponding fo different primary
colors, are used in a printing device, the printing fluids of the different colors may
unintentionally mix. Such printing fluld mixing may occur internally, e.g. when
components which segregste the different printing fluids contained within the
printhead from one ancther bscome compromised, or externally, 8.g. when
different printing fluids sjected from the nozzles mix on the outer surface of the
ptrinthead,
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{00186 Figure 1 illustrates an example of a printing device 100 suitable for
implementing an example method of printing fluid mixing detection according to
an embodiment of the disclosure. A printing device refers generally to devices
which can produce printed output, including but not limited 1o, for example, a
printer, a photocopier, & fax machine, ele. Printing device 100 may include a
printhead assembly 102, a printing fluid supply assembly 104, and a coniroller
118, The various slectrical components of printing device 100 may be cannected

with at least one power supply {not shown) that provides power thereto.

[0017] Printhead assembly 102 includes at least one printhead 106, which
deposits printing fluid, for example liquid ink, through a plurality of orifices or
nozzlas 108 toward a print medium 114, Nozzles 108 may be arranged i ane or
more columns or arrays such that properly sequenced depasition of printing fluid
from nozzies 108 may cause an image or images o be printed on the print
medium 114 by the printhead 106 as printhead assembly 102 and print media
114 are moved relative to each other. Images refers to any kind of depiction of
signs, characters, symbols, numbers, letlers, text andfor graphics which may be
applied to the print medium. Printing fluid supply assembly 104 may supply
printing fluid to printhead assembly 102 from a printing fluid reservoir (not shown).

{0018} In some examples, printing fluid supply assembly 104 may supply a
number of different printing fluids to printhead assembly 102. In some examples,
the number of different printing flulds may correspond to a number of different
primary colors. In some examples, there may be four different printing fluids
corresponding to four different primary colors. In some other examples, the
number of different printing fluids corresponding to a number of primary colors
may be less than four, e. g three or two. In some other examples, the number of
different printing fuids corresponding to a number of primary colors may be more

than four, e. g. six or eight.

[0019]In some examples, controlier 110 may include companents of a standard
computing system, such as a processor, memory, firmware, software, and other
electronics for controlling the general functions of printing device 100 and for

communicating with and controlling system components such as printhead
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assembly 102, In some examples, controller 110 may be In communication with
printing device 100 along an slectronic, infrared, optical, or other information
fransfer path.

{0020} In some examples, controlier 110 may control printhead assembly 102 o
deposit printing fuid through nozzles 108 o print medium 114, Thus, confroller
110 may define a pattemn of deposited printing Tluid which may fomm, for example

characlers, symbols, andfor other graphics or images on prin media 114,

[0021] In some examples, printing device 100 may be an inkjel printer comprising
at least one printhead 106. In some examples, one or more printheads 106 may
be mounted on a single carrier (not shown), which enables the printheads fo
move back and forth along a print zone along an axis that spans the print medium
114 or otherwise spans a printing width, In some examples, a plurality of
printheads 106 may be mounted on a carrier, where such examples may be
referred {o as wide-armay inkjet printing systems. In such examples, printheads
106 may have the capability of printing mulliple columns of the same color or

multiple columns of different colors simultaneously,

{0022} In some other examples, printing device 100 may be a page wide array
printer. A page-wide array printer may comprise a print element, such as a
printhead 106 or a printbar comprising an array of print heads 106, extending the
printing width, e. g. the entire width of the print medium 114, Such an arrangement
allows the entire width of a print medium 114 1o be printed simultaneously. in
some examples, the print element may be fixed within the printing device. During
a printing process, the print medium 114 may be advanced past the print element
along a printing direction through a print zone where an image or images are
printed on the print medium by the print elemaent.

[0023] In some extamiples, printing device 100 may comprise a scanning device
112, In some examples, scanning device 112 may be any kind of sensor which is
able {o provide colorimetric data. For example, scanning device 112 may
comprise, . g. a specirophotometer, a colorimeter, a scanner, a densitometer,
gte. In some examples, scanning device 112 may comprise a camera, e. {. &
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CCD camera. in some examples, scanning device 112 may comprise one or more
photodetesiors.

{0024] The scanning device 112 may be positioned within the printing device 100,
For example, scanning device 112 may be positioned at a location at which it can
readily obtain colorimetric data or intensity information. In some examples,
scanning device 112 may be arranged adjacent to a printhead 106. In some
examples, scanning device 112 may be an inlegral part of printhead 106. In some
other examples, scanning device 112 may be a separate component. {n some
examples, scanning device 112 may be arranged in the printhead carrier (not
shown) which enables the printheads to move back and forth along the print zone.
in some examples, scanning device 112 may be arranged such that # can move
back and forth along the print zone. In some other examples, scanning device

112 may be fixed within printing device 100,

[0025] Figure 2a dlustrates an example printhead 106 in two different views, a top
view {left) and a bollom view {right}. In some examples, the printhead 106 may
comprise a plurality of dies 202a, 202b. For example, the printhead 106
comprises six dies 202a, 202b. In some sxamples, the number of dies 202a, 202b
may be fewer, such as two or four dies 202a, 202b, or greater than six, such as
eight or ten dies 202a, 202b. The dies 202a, 202b may be precision-aligned and
placed on a dimensionally stable substrate. In some examples, the substrate may
provide, for example mechanical alignment, printing fluid supply channels and
slectrical interconnection {not shown).

[0028] In some examples, the dies 202a, 202b may be arranged in two rows, a
row of even dies 202a and a row of odd dies 202b at the bottom of the printhead
106. Each die 202a, 202b may comprise at least one amray of nozzles {not
shown). in some examples, each die 202a, 202b comprises one array of nozzles
for each primary color. For example, each die 202a, 202b may comprise four

arrays of nozzles for each of four primary colors {o be printed.

{0027  Figure 2b illustrates an sxample printbar 200 comprising an array of

printheads 108, In some examples, printbar 200 may comprise an array of fwo



WO 2018/063158 PCT/US2016/053962

&

printheads 108. In some examples, the number of printheads may be larger than
twa, for example, printbar 200 may comprise three, four or six printheads 106, In
some examples, the printheads 106 may be aligned on the printbar 200 in one
row. in some other exampiles, the printheads 106 may be aligned on the printhar

200 in a number of rows, 2. g. in two rows.

[0028] Each printhead 106 on the printbar 200 comprises a number of dies 202.
For example, each printhead may comprise six dies. in some examples, the
number of dies may be larger than six, e. g. eight dies. In some examples, the
number of dies may be fewer than six, e. g. four dies. In some examples, some
printheads 106 on the printbar 200 may comprise a number of dies, e. g. six dies,
and other printheads 106 on the printbar 200 may comprise a different number of
dies, e. g. four dies. in some examples, the dies 202 may be arranged in a number

of rows, e. g. two rows.

[0029] In some examples, each die 202 comprises one array of nozzles 108 for
each primary color. For example, each die 202 may comprise four arrays of
nozzies for each of four primary colors to be printed. In some examples, the
number of arrays of nozzies 108 for each primary color may be larger than one,

e. g. two array of nozzles 108.

{00307 In some examples, the printheads 106 on the printbar 200 may span a
printing width, . g. a print region, a print media width, or the like. In some
examples, the printheads 108 on the printbar 200 overlap to effectively deposit
printing fluid across the printing width without gaps on the print medium 114,

[0031] Figure 2c Hlustrates an example of how the dies 202 of one or more
printheads 1086, e. g. of the array of printheads 106 on a printbar 200, are supplied
with multiple printing fluids by the printing fluid supply assembly 104. In some
exampies, printing fluid supply assembly 104 may supply printing fluid fo
printhead assembly 102 or {o the array of printheads 106 on printbar 200 from a
printing fluid reservoir {(not shown) through an interface connection, such as a
supply tube 204.
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[0032] In some examples, printing fuid supply assembly 104 may supply one type
of printing fluid fo the printheads 108, In some other examples, printing fluid
supply assembly 104 may supply a number of types of printing fluld fo the
printheads 106, For example, printing fluid supply assembly 104 may supply ane
printing fiuid for each primary color to the printheads 108. In some examples,
these mulliple printing fluids are supplied o the printheads 108 through mulliple
interface connections, such as mulliple supply tubes 204, For example, there may

be one supply tube for each type of printing fluid, e. g. for each primary color.

[0033]in some examples, printing fluid supply assembly 104 may supply, & .
four types of printing fluid corresponding to four primary colors 1o be printed
through four supply tubes 204 to printheads 108, In some examples, the printing
fluids may be supplied directly to the nozzles 108 of the printheads 106. In some
other examples, the printheads 106 may comprise a printing fluid reservoir and
the printing fluids may be supplied to such a printing fluid reservoir {not shown)
of a printhead 1086,

[0034] Figure 3 schematically flustrates an example scanning device 112, such
as, e. g. a sensor 300. In some examples, the sensor 300 may comprise a
housing 302 that contains or suppods one or more light sources 306 and one or
more photodetectiors 304, For example, the housing 302 may contain or support
four light sources 308 and two photodetectors 304. In some examples, the
number of light sources may be fewer than four, e.g. three, two or only one light
source 306. in some other examples, the number of light sources may be larger
than four, e.g. six or eight or even tens of light sources 308 may be provided. In
some examples, the photodstectors 304 may be replaced by other sensing

elements that are able (o provide spectrometric or colorimetric data.

{0035} In some other examples, the light sources 306 may be configured to
selectively and independently emit visible light toward print media when the
media passes the sensor 300. In some examples, each light source 308 may
comprise a light-emifting diode (LED) that emits a different color, For example,
gach light source 306 may comprise a light-emiting dicde (LED) that emits one
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of the different primary colors. In some examples, the colors may include, for

example, blue, green, orange, and red,

{0036} In some examples, the scanning device 112 may comprise ang or mors
spectrometers, such as, e. §., specropholomelers. in some examples, the
scanning device 112 may comprise one or more colofimeters. in some examples,
the scanning device 112 may comprise one or more scanners or sensors, In some
examples, the scanning device 112 may comprise one or more cameras, such as
CCD cameras, e.g. a line sensor type CCD camera, an area sensor type CCD
camera, or the like.

{00371 In some examples, the light emitled by the light sources 306 is direcled
foward the print media 114 and is reflecied by the print media 114 io the
phatodeteciors 304. In some examples, the sensor 300 may, for example, further
include a lens system {not shown}, that focuses the reflected light onto the
photodetectors 304, in some examples, the photodetectors 304 are configured o
detect the intensity of the light reflected by the print media 114. In some examples,
gach photodetector 304 measures a different aspect of light intensity. For
example, one photoedetector 304 may measure diffuse reflectance and the other
photodetecior 304 may measure spectral reflectance. In some examples, some
or each photodetecior 304 may comprise a photolransistor. In some examples, a
filter {not shown)} can be provided between the lens system and the
pholodetectors 304 to filter out light radiation that may interfere with detection of
light reflected by the print media 114.

[0038] An example method 400 for detecting printing fluid mixing in a printing
device is depicted in Figure 4. i is to be undersiood that the method 400 shown
in Figure 4 will be discussed in detail herein, and in some instances, Figures &

through 7 will be discussed in conjunction with Figure 4.

{0039] Referring to Figure 4, an example method 400 of detecting printing fluid
mixing in a printing device comprises, at box 402, printing a test pattern (of. Figure
5). In some examples, the test paltern may consist in one or more test paiches
for at least one primary color to be printed. For example, the est patlern may
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consist in one or mote test patches for each primary color to be printed. In some
exampies, the test pallern may consist in ong or more fest paiches for a
combination of a plurality of primary colors to be printed. For example, the test
paltern may consist in a combination of all primary colors {0 be printed. For
example, for a multicolor inkjst printer may have multiple different printing fluids,
e.g. four different printing fluids corresponding to four primary colors, for example
black, cyan, magenta and yellow. The test pattern may then consist of a row of
test patches for sach primary color, which rows may cover the full printing width
{cf. Figs. 5, 6). In some other examples, the test pattern may then consist of one
row of test palches for a combination of the four different primary colors.

{0040} In some examples, the test patches may cover the full printing width, In
some examples, the test patches may cover only part of the full printing width,
such as, e.g. half the printing width or the like. In some examples, the density of
the test pattern may be selected o maximize the visibilily of defects caused by
printing fluld miking. In some examples, there may be variable performance of
the printing along the printing width. This may affect dot size, dot shape or dot
position, or a combination thereol. In some examples, this may result in variable
coverage of printing fluid and variability of lightness or brightness along the
printing width.

{0041} Referring o Figure 4, the example method 400 comprises, at box 404,
scanning the test patiern with a scanning device 112, such as, e.g. the sensor
300.In some examples, the scanning device may be mounied on a carrier which
altows the scanning device to move back and forth along the printing width, For
example, the sensor 300 may be moved back and forth along the rows of test
patches.

[0042] In some examples, one or more light sources are arranged on or adjiacent
to the scanning device 112, The light sources may emit light, e.g. visible light,
toward the print medium 114 on which the test paltern is printed. In some
examples, the light emilted by the light sources is reflected by the print medium
114. For example, the light sources may emit visible light foward the test pattern
printed on the print medium 114, In some examples, a plurality of light sources
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may emit light of different colors toward the test pattern. The light may then be
reflected by the test patches which are printed on the print medium. The sensor
300 may then detect the reflected light from the test paiches on the print medium
114, For example, the reflected light may be detected by photodetectors, by a
CCD camera, or the like.

[0043] In some examples, the scanning device 112, e.g. the sensor 300, may be
calibrated or adjusted prior to scanning a test patlem. For example, the scanning
device may be calibrated at the factory at which the scanning device was built
prior to shipment of the device. Alternatively, the scanning device may be
calibrated automatically or by a user when the device is pul into operation.

{0044] In some examples, the scanning device 112, e.9. the sensor 300, may be
calibrated or adjusted simultaneously with the process of detecting printing fluid

mixing.

[0045] Irrespective of where the scanning device is calibrated, the calibration
pracess may comprise an off-line raining process 1o establish expected metric
values, such as, e.g. ClE La"b" values, hue angles for given printing fluids or the
like. In some examples, the calibration process comprises scanning a test patch
for one or more printing fluids corresponding to one or more primary colors used
by the printing device. For example, the calibration process may comprise
scanning a test pateh of each primary color of printing fluid used by the printing
device.

{00461 In some examples, the calibration process may further comprise scanning
test palches of primary colors at different coverages. For example, the scanning
Process may comprise scanning a number of test patches for each primary color
at a number of different coverages, e.g. at 20%, 40%, 60%, 80% and 100%. In
some examples, expected colorimetric data for the primary colors of printing fluid
used by the printing device may be oblained.

[0047]In some examples, test patches of each primary color may be scanned
under controlied conditions and the respective metric values, such as, e.g. CIE

Lab values, hue angles or the like, may be determined in order to determine the
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expected metric values without contamination. Of course, Lab values or hue
angles are only one example domain o discriminate for unwanted changes due
o printing fluid mixing. Other domaing, such as, for example, the native Telris
domain of ROGEB readings or native scanner RGEB values or the ke may also be
employed.

[0048] In some examples, single printing fluid ramps may be measured with
respective devices and folerances may be established. For example, a pure
yellow ramp may have a specific behavior in Tetris ROGE, e.g. RIO/G/B ratios,
or inn scanner RGB terms while contamination of the ramps due to the presence
of other printing fluids may resull in changes in ROGB or RGB values. These
changes may be established offdine in a similar way as the calibration process

described above.

[0049] In some examples, the light emilted by the light sources may be focused
by an oplical system, such as a lens system. In some examples, the reflected
light may be focused by, e.g. a lens system, before it is detecled by, e.g. the
photodetectors.

[0080] Referring to Figure 4, the example method 400 comprises, at box 408,
obtaining colorimetric data of the test pattem. Here, colorimetric data refers to
any kind of speciromelric or colorimetric dala or inlensily information. In some
examples, the colorimetric data may be oblained by the sensor 300. In some
other examples, the colorimetric data may be determined by the controlier 110
from the measurement values provided by the sensor 300.

[0051}In some examples, the scanning device may comprise any of a
spectrometer, a specirophotometer, a colorimeter, a scanner or a camera, 8.9. 8
CCD camera, to provide colorimetric data.

[0082] In some examples, sensor 300 may measure the light infensity or different
aspects of ight inlensity. In some examples, sensor 300 may measure diffuse
reflectance, spectral reflectance or a combination of both.
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[0083] In some examples, the colorimetric data may comprise any of International
Commission of Humination or Commission Internationale de 'Eclaire {CIE)
L*a*b* values, CIE XYZ values, CIE LCh values, HSL values, HSVY values, RGB
vatues, CMYK values or any combination thereof.

[0054] In some examples, the colonimetric data may be obtained over the full
width of the {est pattern. For example, the test pattern may comprise a number
of test paiches which cover the full printing width. In this case, colorimetric data
may be obtainad for sach test patch, resulting in @ number of colorimetric data
corresponding fo the full printing width.

{0055} In some examples, the printing device may be a page-wide array printer.
in this case, the test patlern may be printed simulfansously by the amay of
printheads. For example, the dies of the printheads may cover the full printing
width. By depositing printing fluld on the print medium from each die
simultansously, a test pattern covering the full printing width may be printed. Each
test patch of the test patlern may then correspond © a particular die of a particudar
printhead of the array of printheads.

[0058] Referring to Figure 4, the example method 400 comprises, at box 408,
determining metric vatues from the colorimetric data obtained atbox 406. Insome
exampies, the metric values may be delermined by the scanning device itself. In
some other examples, the metric values may be determined by the controller 110
from the colorimetric data.

[Q057]In some examples, melric values comprise any of hue angle, lightness,
brightness, intensity or chroma or any combination thereof, For exampile, the hug
angle may be determined from CiE L*a"b" values as

hae = atan2(a”, b*).

[0058]In some examples, the metic values are delermined based on a
characterization of printing fluld ramps, e.g. on the slope of the printing fluid

ramps.
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[0059] Referring to Figure 4, the example method 400 comprises, at box 410,
performing a slatistical analysis on the metiic values determined at box 408. In
some examplas, the stalistical analysis determines single metric values which
deviate from the mean or the median of the metric values determined at box 408,
For example, metnic values, such as, 6.g. a* and b*, may be determined for each
test patch of a test pattern. In this case, a mean or a median of 8" and b™ may be
determined. Oulliers may then be identified by determining the g%, b values
which deviate from the mean. In some examples, a metric value is identified as
an outlier when it deviates from the mean by at least a cerfain fraction of a
standard deviation, e.g. half a standard deviation or two thirds of a standard
deviation or the like. In some examples, a metric value is identified as an outlier
when it deviates from the mean by one or more standard deviations, e.g. one
standard deviation, two standard deviglions or the like. In some examples, a
metric value is identified as an outlier when i deviates from the mean by at {east
a certain multiple of a standard devialion, a.g. 1.4 standard deviations, 1.6
standard deviations or the like.

{0080] In some examples, the hue angle may be determined for each test patch
of a test pattern. In this case, a mean or a median of the hue angles may be
determined and outliers may be identified by identifving those single hue angles
which deviate from the mean or the median by a certain amount, e.g. by a number
of standard deviations or the like.

{0061} In some examples, the statistical analysis determines metlric values, such
as hise angles or a*, b” values, which deviate from a first quartile or a third quariile
or the like by a predetermined number of standard deviations, e.g. one standard

deviation.

{0082} In some examples, the obiained colorimaetric data andfor the metric values
may he blased. For example, the lighlness may be biased due o some
characteristics of the printing device, the print medium, or both. By applying a
statistical analysis on the metric values, such a bias may be taken inlo account
and compensated.
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[0063] Referring to Figure 4, the example method 400 comprises, at box 412,
determining, based on the stalistical analysis performed at box 410, whether
printing fuid mixing has cccurred or not. Printing fluid mixing may cocur when
muitiple printing fluids, e. g. corresponding to different primary colors, are usedin
a printing device. For example, barriers or other components within a printhead
that segregale the various printing fluids from one ancther may become
compromised, allowing one printing fluld corresponding to one primary color, ..
cyan to mix with another printing fluld corresponding to ancther primary color, e.g.
magenta. in this case, the nozzles of this printhead which are determined fo
deposit printing fluid corresponding to, for example, magenta on the print medium
may deposit a compasition of two printing fluids corresponding o, for example,
cyan and magenta on the print medium This may result in a deviation of the
printed color from the primary oolor which was supposed to be printed. For
example, the test patch may have been intended to be magenta, but may appear
more biuish due to printing fluld mixing.

[0064] In some exampiles, different printing fluids ejected from different nozzles
may mix on the outer surface of the printhead. For example, one or more first
nozzles may eject a printing fluid corresponding o a first primary color, e.g.
magenta, while one or more second nozzles, which may be adjacent to the first
nozzies, may eject a printing fuid corresponding to a second primary color, e.g.
cyan. In this case, the printing fluids corresponding to, e.g. magenta and ayan,
respectively, may mix on the ouler surface of the printhead before being
deposited on the print medium. Such a condition may occur, for example, due to
a printhead wiping procedure performed by the printing device. This may also
result in a deviation of the prnted color from the primary color which was

suppased o be printed or in color defects in the printed image.

{0085} rrespective of which kind of printing fluid mixing occurs, the qualily of the
printed images may suffer given that the printing fluid that the printhead deposits
on the print medium is not the printing fluid which is intended {o be deposited on
the print medium. This may result in a deviation of color, intensity or any other
kind of colorimetric characteristic in the images printed by the printhead for which

printing fluid mixing has occurred.
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{00661 When the statistical anatysis performed at box 410 provides no significant
outliers, i may be determined that no printing fluid mixing has occurred. However,
when the sialistical analysis performed at box 410 provides one or more outliers,
i.e. if there are one or more last patches for which the colorimetric data deviales
significantly from the remaining colorimetric data, it may be determined that
printing fluid mixing has occurred. Thus, by statistically analyzing the metric

values #t can be determined whether printing fluid mixing has accurred or not.

{00671 In case that, after the melric values have been statistically analyzed, the
determination at box 412 concludes that no printing fliuid mixing has occurred, the
exampie method 400 terminates, as llustrated at box 414 in Figure 4.

{0068] In case that, after the melnc values have been stalislically analyzed, the
determination at box 412 concludes that printing fluld mixing has occurred, the
example method 400 as shown in Figure 4 comprises, at box 418, determining,
based on the statistical analysis performed at box 410, where the printing fluid

mixing has occurred.

[0069] As schematically showed in Figure 2c, in some examples, each die 202
may be supplied with multiple printing fluids separately by the printing fluid supply
assembly 104. For example, each die 202 of each printhead 106 may be supplied
with one printing fluid for each primary color by the printing fluid supply assembly
104 through a supply tube 204, As, In some examples, printing fluid mixing may
occur within a printhead 106 or on the outer surface of a printhead 106, it may
affect only one die 202, In some examples, printing fluid mixing may affect more
than one die, e.g. two dies or three dies. For example, printing fluid mixing may
affect a number of dies 202 which are arranged adjacent to one another,

{00701 In some examples, the test pattern comprises a number of test patches
and each dis 202 may have deposited the printing fluid for a particular test patch
on the print medium 114, Thus, in some examples, each fest patch may
correspond o one die 202. In some other examples, a test paich may be printed
by depositing printing fluid from a8 number of adjacent dies 202 on the print
mediun 114, For example, a lest patch may be printed by depositing printing fuid
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from two dies 202 which are arranged adjacent to each other or which may even
at least parlly overlap. In some other examples, a die 202 of a printhead 106 may
deposit printing fluid on the print medium to print more than ane test paleh, e.g.
two or three test patches, For example, one die 202 may print two or three test
patches which are arranged adjacent to oneg another on the print medium 114 by

depositing printing fluid on the print medium 114,

[00711In some examplas, by slatistically analyzing the melric values and
identifving outliers therein, it may be determined which die 202 or which number
of dies 202 may correspond to the test paltches which have melric values that
deviate significantly from the remaining metric values, e.g. which are identified as
outliers at box 410. Thus, in some examples it may be determined at which
printhead 106 the printing fluld mixing has occwrred. in some examples, i may
be determined at which die 202 or at which number of dies 202 of a printhead
106 printing fluid mixing has ococurred.

{00721 In some examples, a warning signal may be displayed in the case that
printing fluid mixing has occurred and has been detected as described above.
For example, there may be a light source, such as a signal lamp, provided at the
printing device which signals a user that printing fluid mixing has occurred. In
some examples, there may be a display on which a warning message may be
displaved in case that printing fluid mixing has been detected.

[0073] In some examples, recovery actions may be applied to the printing device
in the case that printing fluid mixing has occurred and has been detected as
described above. In some examples, the recovery actions may be applied
automatically when printing fluld mixing has been detected. in other examples,
recovery actions may be applied by a user or after a user has acknowledged that

printing fluid mixing has occurred and has been delected.

{0074} In some examples, recovery actions may comprise seleclively spilting
printing fluid through the nozzles of the diss for which printing fluid mixing has
been detecled. In some examples, recover actions may comprise wiping the cuter

surface of the printhead at the dies for which printing fluid mixing has been
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detected. In some examples, recover actions may comprise priming printing fluid
at the nozzles of the dies for which prinfing fluid mixing has been detected. In

some examples, recover actions may comprise a combination of the above.

[0075]In Figure 5. an example fest pallern 500 for each primary color is
itlustrated. The example test pattern according to Figure 5 comprises a number
of rows 502, 504, 506, 508, e.q. four rows, of test patches, corresponding o a
number of primary colors, for example four primary colors. in some examples, as
indicated in Figure 5, the printing device may use four different primary colors for
printing, €.9. black, cyan, magenia and yellow.

[0076] In some examples, a row of test patches is printed for each primary color,
in some other examples, a row of {est patches is printed for 3 combination of the
primary colors. For example, test pattern 500 may comprise only one row of test
paiches, and each lest patch may be printed using a combination of the primary
colors, e.g. a combination of black, cyan, magenta and vellow. In some examples,
each test patch may be printed using a combination of some of the primary colors,
e.g. of two or three primary colors. For example, test pattern 500 may comprise
only one row of test palches, and each test patch may be printed using a
combination of three primary colors, e.g. & combination of cyan, magenta and

yellow.

{00771 In some examples, the rows 502, 504, 506, 508 may span the full printing
width. In some other examples, the rows 502, 504, 506, 508 may span only a
fraction of the printing width, e.g. half the printing width or a quarter of the printing
width or the like.

[0078]in some examples, the {est pallern 500 may comprise one or more
continuous rows which may be printed for each primary color separately or for a
combination of some or all primary colors, For example, the rows 502, 504, 506,
508 may not be comprised of a number of test patches. In some examples, the
test pattern may comprise a pattern of dots, shapes or the ke,

[0079] Referring to Figure 8, one example row 600 of an example test pattem 500

is shown. In some examples, the row 800 may comprise a number of test paiches
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602, 804, 606, In some examples, the row 600 may span the full printing width.
In some examples, each test pattern 602, 604, 806 of row 600 may correspond
o one die 202 of a printhead 106. For example, row 800 may be a page-wide row
of an example test pattern 500 which comprises a numbeyr of test patches 602,
604, 606. The lest palches 602, 604, 606 may be printed by depositing a first
printing fiuid corresponding o a first primary color, .. magenta, on the print
medium. Each test patch 802, 604, 606 may correspond 1o a particular die 202
of a printhead 106,

{00807 As indicated in Figure 6, different dies 202 may show different saturation
of printing fluid caused by, e.g. dot size, dot shape or dot position variability or a
combination thereof. in this case, lighiness of the corresponding test patches may
vary along the row 600 of test patches 6802, 804, 606, For example, test patch
602 shows a larger printing fluid saturation than test paich 604, Moreover, as
indicated in Figure 8, different dies 202 may show contamination of the first
printing fluid with a second printing fluld caused by, e.g. printing fuid miding. For
example, test patches 606 show a contamination of the printing fluid of the first
primary color, e.g. magenta, with a printing fluid of a second primary color, e.g.

cyan,

[0081] In some examples, row 600 of the test pattern 500 may be scanned by the
scanning device 112, e.g. by a sensor 300, and colorimetric data coresponding
to the test patches 602, 604, 606 may be determined. As explained with reference
to Figure 4, box 408, in some examples, melric values, such as, e.g. CIE L"a*b"
values, may then be determined from that colorimetric data. An examples of such
metric values corresponding to the test palches of row 800 as Hustrated in Figure

6 is summarized in Table 1.
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41352 -29.21 -0,61
- 62 | g774 | 4580 | 058
60,88 4873 -0,59
58,63 44,78 -0.58
04 2489 REF 0,63
26,48 ~18,71 -0.,81
61.00 4047 -0.58
87.11 ~48,63 -0.81
31,28 22,78 -0,63
806 65,74 4398 -0.59
608 20,62 -30,29 -0.97
8,01 2321 418
50,00 36,98 -0.84

Table 1: obiained a8* and b* values and hue angle hee for the test patches of row 800 Hlustrated in
Fig. 8.

[00B2] Figure 7 Hlustrates two example charts showing the determined a*-b*
values in a diagram (left) and the determined corresponding hue angle ha {right)
for an example test row. The test row may be similar {0 the test row shown in
Figure 8. in both diagrams of Figure 7, outliers due 1o printing fluid mixing are

shown.

{0083} in some examples, as is lustrated in the a*-b* diagram of Figure 7 {left),
all but a few, e.g. three measured and delermingd a*-b* values lie essentially on
a straight line. The particular a*-b” values that deviate significantly from that line
are determined as outhiers and indicate that printing fluid mixing may have

oeeurred in the corresponding dis 202.

[0084]In some examples, as is illustrated in the hue angle diagram of Figure 7
{right}, the measured and determined hue angle has 1 essentially constant over
the full range of the test pattern row In some examples, a few, e.g. three hue
angle values may deviate from the remaining hue angle values significantly and
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may be identified as outliers. These outliers indicate that printing fluld mixing may
have occurred in the corresponding dis 202.

[0085] Figure 8 Husirates an a™b” diagram in which an example of printing fluid
ramps is shown. In some examples, the prinling fluid ramp for one primary color
may be determined. In some examples, the printing fluid ramps for a number of
primary colors may be determined. For example, the printing fluid ramps for all

primary colors may be determined.

[0086] In the example illustrated in Figure 8, the printing fluid ramp for a primary
color, e.¢. yveliow, is determined. A printing fluid ramp corresponds o a row of test
patches that have been printed with increasing intensity or density. The
corresponding a*-b" values may then be plolied in an 8™-b” diagram such as the
diagram illustrated in Figure 8. As indicated, the comresponding data points
essentially lle on a line having a slope that corresponds to a particular primary

color, L., 1o a particular printing fluid.

{0087 For example, a yellow ramp may comprise a number of test patches
printed with the printing fluid corresponding to the primary color yellow with
increasing density, starting from, e.g. 10% up to, e.g. 100%. Those test patches
which are printed with high density of almost pure yellow lie within the so-called
“pure zone” 802, while test patches with only about half the maximum densily, i.e.
having a density of about 50%, He within the "mid-point zone" 804. In some
examples, the pure zone 802 indicates the region where color variation may be
acceptable and would not be detected as printing fluid mixing, while test patches
which lie significantly putside this zone would be considered as contaminated,

i.e. printing fluid mixing would be detected.

[0088]in some examples, the slopes of these ramps are determined and
analyzed, For example, when printing fluld mixing occurs, the slope of the printing
fluid ramp corresponds to the contaminated printing fluid may change. For
example, as indicated in Figure 8, when the printing fluid corresponding to yetliow
is contaminated with the printing fluid corresponding o magenta, the slope of the
contaminated yellow ramp 808 may be shifted toward the right hand side in the
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diagram of Figure 8. When, on the other hand, the printing fluid comesponding to
yellow is contaminated with the printing fluid coresponding to cyan, the slope of
the contaminated yellow ramp 806 may be shifted toward the left hand side in the
diagram of Figure 8. Thus, by analyzing the slopes of the printing fluid ramps, i
may be determined if printing fluid mixing has occurred and it may be determined

which printing fluid has been contaminaled with which other printing fluid.

{00891 In some exampiles, the diagram of Figure 8 may be exiended fo a three-
dimensional diagram, taking into account variations in lighthess. For example,
when g printing fluid corresponding {0 a primary color such as, e.g. yellow, as
shown in Figure 8, is contaminated with the printing fluid corresponding {o the
primary color black, the lightness of the lest palches printed with the
contaminated printing fluid may change. Such a change in lighthess may resuit
in @ change of the slope of the printing fluid ramp 810 in a thres-dimensional
diagram including an axis corresponding to lightness. This is indicated by a blck-
yellow ramp 810 in Figure 8 which is fo be considered to be inclined along a third
axis {not shown} in the diagram illustrated in Figure 8. In the case of black
contamination of another primary color, in some examples, chroma may be the
melric value that is delermined and analyzed instead of L'a"b" values or hue
angies.

[Q080] Figure 9 illustrates a non-transitory computer readable medium 800, The
medium 900 may be any kind of non-transitory computer readable medium, such
as, e.g. a CD-ROM or the like. In some examples, the medium 900 may be
encoded with insiructions 802, 804, 806, 808, 810, 912, 914 and 916. In some
examples, the instructions may be executable by, e.q. a processor, for example
a computer processor. In some examples, the instructions 902, 904, 906, 908,
910, 912, 914 and 918 may, when executed by a processor, cause the processor

to perform method of detecting printing fluid mixing.

[0081] In some examples, the meadium 800 may be encoded with instructions 802
that, when executed by a processor, cause the processor 1o print a {est paltern
for at least one printing fluid with a printing device.
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100821 In some examples, the medium 800 may be encoded with instructions 804
thai, when execuled by a processor, cause the processor {0 scan the test patlern
for the atleast one printing fluid with a scanning device.

{0083} In some examples, the medium 900 may be encoded with instructions 3086
that, when execuled by a processor, cause the processor {o obtain colorimelric
data of the test pattern for the at least one printing fluid.

{0084] In some examples, the medium 800 may be encoded with instructions 808
that, when executed by a processor, cause the processor {o determine melnic
values fram the colotimetric data.

[0085] In some examples, the medium 300 may be encoded with instructions 810
that, when executed by a processor, cause the processor to performing a
statistical analysis on the determined metric values.

{0096] In some examples, the medium 800 may be encoded with instructions 812
that, when execuled by a processar, cause the processor to determine, based on
the siatistical analysis, whether printing fluld mixing has occurred.

[00587]in the exemplary case that printing fluid mixing has not occurred, the
medium 900 may be encoded with instructions 914 that, when execuled by a
processor, cause the processor o terminate the process. Otherwise, in the
exemplary case that printing fluid mixing has occurred, the medium 900 may be
encoded with instructions 916 thal, when execuled by a processor, cause the
processor fo delermine, based on the statistical analysis, where printing fluid
mixing has occurred.

[0088] In some examples, a nontransilory computer readable medium encoded
with instructions is provided, that, when executed by a processor, cause the
pracessor to perform a method of detecting printing fluid mixing, wherein the test
pattern is printed for each primary color of printing fitid used by the printing device
or for a combination of each primary color of printing fluid used by the printing
device.
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[0099] In some examples, the non-transitory computer readable medium is further
encoded with instructions, thal, when executed by a processor, cause the
processar 1o print the test pattern for the entire width of a printhead or a printbar
of the printing device. In some examples, the printing device may be a page wide
array printing device.

{00100} in some examples, the non-transitory computer readable medium
is further encoded with instructions, that, when executed by a processor, cause
the processor {o scan the test pattern with a scanning device that includes at least
one of a spectrophotometer, a colorimeter, a scanner and a camera.

{00101} In some examples, the non-transitory computer readable medium
is further encoded with instructions, that, when executed by a processor, cause
the processor to separately ifluminate the lest paltermn with al least one light

SOUrce.

{00102} In some examplas, the non-transitory computer readable madium
is further encoded with instructions, that, when exscuted by a processor, cause
the processor to Hluminale the test patlermn with a plurality of light sources of
different colors.

[00103} In some examples, the non-transitory computer readable medium
is further encoded with instructions, that, when executed by a processor, cause
the processor to calibrate the scanning device by scanning a paich of each
primary color of printing fluid used by the printing device at different coverages o
obtain expected colorimetric data for said primary colors of printing fluid used by
the printing device,

001043 In some examples, the non-transitory computer readable medium
is further encoded with instructions, that, when executed by a processor, cause
the processor to oblain colorimetric data of the test paftern for the al least one
printing fluid, wherein the colorimetric data comprises at least ong of Clk LTa™p”
values, CIE XYZ values, GIE LCh values, HSL values, HEV values, RGB values
and CMYK values.
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{00105} In some examples, the medium is further encoded with instructions
thal, when exscuted by a processor, cause the processor o determine mestric
values from the colorimetric data, whersin the metric values comprise at least
one of hue angle, lightness, intensity and chroma, or wherein the metric values
are based on a characterization of printing fluid ramps.

{00106} In some examples, the medium is further encoded with instructions
that, when executed by a processor, cause the processor to determing melnic
valugs which deviate from one of the mean, the median, the first gquartile, the
second quartile and the third guartile by a predetermined number of standard
deviations.

{00107} i some examples, the medium is further encoded with instructions
thaf, when executed by a processor, cause the processor o applying recovery
actions to the printing device in the case that printing fluid mixing has occurred.

{00108} In some examples, the medium is further encoded with instructions
that, when executed by a processor, cause the processor o display a waming
signal in the case that printing fluid mixing has occurred.
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What is claimed is;

1. A method of detecting printing fluid mixing, comprising:

prirding a {est pattern for at least one printing fluid with a printing device;

scanning the test pattern for the at least one printing fluid with a scanning
device,

obtaining colorimetric data of the test pattern for the at least one inting
fluid:

determining metric values from the colorimelric data;

performing a statistical analysis an the determined metric values;

determining, based on the stalistical analysis, whether printing fiuid mixing
has occurred; and

determining, based on the siatislical analysis, where printing fuid mixing
has cccurred.

2. The method of claim 1, wherein the lest pattern is printed for each primary
color of printing fluid used by the printing device or for a combination of sach

primary colorof printing fluld used by the printing device.

3. The method of claim 1, wherein the test patiern is printed for the entire
width of a printhead or a printbar of the printing device.

4, The method of claim 3, wherein the printing device is a page wide array
printing device.

5. The method of claim 1, wherein the scanning device includes at least one

of a spectrophotometer, a colorimeter, a scanner and g camera.

£, The method of claim 1, wherein scanning the test pattern comprises

separately Hluminating the test palfern with af least one light source.

7. The method of claim 6, wherein the test patiern is Huminated with a

olurality of ight scurces of different colors.
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8. The method of claim 1, wherein the scanning device is calibrated by
scanning a paich of sach primary color of printing fiuid used by the printing device
at different coverages fo oblain expected colorimetric data for said primary colors
of printing fluid used by the printing device.

9. The method of claim 1, wherein the colorimetric data comprises at least
one of CIE L*a™b* values, ClE XYZ values, CIE LCh values, HSL values, H8V
values, RGB values and CMYK values.

18, The method of claim 1, wherein the melric vaiues comprise at least one of
hue angle, lightness, intensity and chroma, or wherein the mefric values are

based on a charactenzation of printing Huid ramps.

11.  The method of claim 1, wherein the statistical analysis determines metric
values which deviate from one of the mean, the median, the first quartile, the
second guartile and {he third quartile by a predetermined number of standard
deviations.

12. The method of claim 1, further comprising one of

applying recovery actions to the printing device in the case that printing
fluid mixing has occurred, or

displaying a waming signal in the case that prinling fluid mixing has
ocourred.

13, Aprinting device, comprising

a printhead assembly or a printbar including at least one printhead having
a printhead die and at least one nozzie,

a scanning device, and

a controfler,
wharein the controfler is to control a method of detecting printing fluid mixing of a
printhead of the printing device, wherein a test pattern is printed for at least one

printing fluid with the printhead, said test pattern is scanned using the scanning
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device to oblain colorimelric data, metric values are determined from the
colonimetric data and a statistical analysis is performed on the melric values to
determine whether printing fluid mixing has occurred and where printing fluid

mixing has cccurred.

14.  The printing system of claim 13, wherein the controller is further to control

a method according to any of the caims 2 1o 12.

15, A non-ransifory computer readable medium encoded with instructions
that, when executed by a processor, cause the processor to perform the method
according o any of claims 1 1o 12.
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