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RECEWING AN ALIGNMENT PATTERN PRINTED ON A PRINT MEDIA BY A PRINT HEAD
ASSEMBLY, THE AUGNMENT PATTERN COMPRISING A PLURAUTY OF PATTERNS, EACH
PATTERN COMPRISING A FIRST SYMBOL AND A SECOND SYMBOIL I8 A JUXTAPOSED
POSITON AND 18 ASSDCIATED WiTH An T0EAL DEVIATION CORRESPONDING TC A
PrepEFNGD VALUE OF DEVIABON BETwEEN ThE FReT Symaow. Anp THE SECOND
BYMBOL WHEN THE PRINTING PEN 1S AUGNED

!

DETECTING A Posimion OF THE FIRST Symsol. Ang A Posmion OF THE SECOND
SYMEOL FOR EACH PATTERN FROM AMONGST THE PLURALITY OF PATTERNS ON THE
PRINTED MEDIA

DETERMINING AN ACTUAL DEVIATION BETWEEN THE POSITION OF ThE FIRaT SvMsot
ANz THE Posimion OF THE SEGONT SYMEOL FGR BADH PATTERN, WHEREN THE
ACTUAL DEVIATION 1N EACH PATTERN IS INDICATIVE OF MISAUGNMENT OF THE
PRINTING PEN

i

ESTABLISHING A RELATICN BETWEEN. THE ACTUAL DEVIATION DETERMINED FOR THE
PLURALITY OF PATTERNS AND THE IDEAL DEVATION CORRESPONDING TO ThE
PLURALITY OF PATTERNS

'

DETERMINNG A VALUE OF IDEAL DEVIATION CORRESPONDING TO A ZERG ViALUE OF
THE ACTuAL DEVIATION BASED ON THE ESTABUSHED RELATION, WHEREN THE VALUE
©OF THE IpeAL DeviaTioN Is INpicaTive OF A CORREGTIVE YALUE OF ALIGNMERT FOR

THE PRINTING PEN
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(57) Abstract: Examples relating to calibrating printing pens of a print bead
assembly in a printer are described. For example, techniques for calibrating a
printing pen includes detecting position of a first symbol and a second symbol
of a pattern from amongst multiple patterns in an alignment pattern, where each
pattern is associated with art ideal deviation and the symbols are printed in a
juxtaposed position. The ideal deviation is a predefined value of deviation be-
tween the symbols when the printing pen is aligned. Thereatter, determining
an actual deviation, due to misalignment in the printing pen, between the sym-
bols. Further the technique includes establishing a relation between the actual
deviation and the ideal deviation for the multiple patterns and determining a
value of the ideal deviation for a zero value of the actual deviation. The value
of the ideal deviation is a corrective value of alignment for the printing pen.
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CALIBRATING PRINTING PENS OF PRINT HEAD ASSEMBLIES
BACKGROUND

[0001] Generally, a print head assembly in'a printer has multiple ink cartridges
having inks of different colors and muitiple printing pens to print on a print media,
such as a paper and a plastic sheet. The printing pens have a predefined orientation
or alignment within the print head assembly and based on the alignment of the
printing pens, content, such as, text, images, pictures, symbols are printed on the
print media.

{0002] However, with prolonged usage of the printing pens for printing content
on the print media or during replacement of the ink cartridiges in the print head
assembly, the alignmaent of the printing pens deviates from the original alignment and

may sometimes become misaligned.

Braer DESCRIPTION OF THE DRAWINGS

[0003] The defailed description s provided with reference to the
accompanying figures. In the figures, the lefi-most digit(s) of a reference number
identifies the figure in which the referance number first appears. The same numbers

are used throughout the drawings to reference like features and components.

[0004] Fig. 1 iflustrates an environment implementing a printer and mulliple
portable elactronic devicas, in accordance with an example implementation of the

present subject mater;

{DO0S)] Fig. 2 is a schematic representation of a calibration system for
calibrating a printing pen of a printer, in accordance with an example implementation

of the present subject matter;
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[0008] Fig. 3 lustrates a schematic representation of a calibration system for
calibrating a printing pen of a printer, in accordance with an example implementation
of the present subject matter;

{0007] Fig. 4 dlustrates an example alignment pattemn printed by a printer,
according {o an example implemeantation of the present subject matter;

{0008] Fig. 5 illustrates an example graph for determining a corrective value
of alignment for a printing pen of a printer, according to an example implementation

of the present subject matier;

{0009] Fig. 6 illustrates an example method for determining a corrective value
of alignment for a printing pen of a printer, according fo an example implementation

of the present subject matter; and

[o010] Fig. 7 illustrates an example computing environment, implementing a
non-fransitory  computer-readable medium storing instructions for executing an
operation for determining a corrective value of alignment for a printing pen of a
printer, according to an example implementation of the present subject matter.

Detanen DESCRIBTION

{0011) Generally, misalignment in a printing pen occurs when position and
orientation of the printing pen changes with respect fo adjacent printing pens in the
print head assembly dus to factors such as prolonged printing by the printing pen or
improper placement of the ink cartridges, for example, while replacing an ink
cartridge within the print head assembly. The misalignment of the printing pen affecis
quality of printing as the orientation of content printed on the print media, such as a
paper and a plastic sheet gats altered. To eliminate such misalignment, an alignment
pattern printed by the printing pen on the print media is processed o detect the
misalignment and the printing pen is calibrated o adjust and realign the printing pen

within the print head assembily.
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[0012] Techniques for detecting the misalignment of printing pens generally
utilize devices, such as optical scanners and High Definition (HD) cameras o scan
the alignment pattern. After scanning. the alignment pattern is processed to detect
any misalignment. Howsver, such devices are sxpensive and fake time and
processing resources to detect the misalignment. Additionally, the techniques do not
take into account any image distortion caused during scanning of the alignment
pattern. Consequently, the detected misalignment is often erroneous and inaccurate.,
In short, the general techniques utilized for the detection of the misalignment are

time consuming, expensive and inefficient in calibrating the printing pens.

[0013] In accordance with an implementation of the present subject malter,
technigues for calibrating a printing pen within a print head assembly of a printer are
described. In said exampie, the printer may include multiple printing pens in the print
head assembly, cut of which more than one printing pens may be misaligned in
position within the print head assembly. However, for brevity and ease of
understanding, the forthcoming description includes explanation of techniques for
detecting misalignment of one printing pen. The techniques described are applicable
for detecting misalignment in multiple print pens of the print head assembly.

[0014) I an example, an alignment pattern is printed by the printer. The
alignment pattern may be printed on a print media, such as a paper or a plastic sheet.
The alignment pattern may inglude multiple patterns printed by the printing pens of
the printer. In an example, sach of the multiple patterns include a first symbol and a
second symbol printed adjacent to each other in a juxtaposed position such that one

side of the first symbol is in connection with one side of the second symbol.

{0015] Further, each pattern is printed with a predefined value of deviation in
between position of the second symbol and position of the first symbol. When the
printing pen prints on the printed media without any misalignment, the predefined
value of deviation is referred {o as an ideal deviation. That is, when the printing pen
is aligned within the print head assembly, the predetermined offset in position of the
first symbol and the second symbol of a pattern, is referred o as the ideal deviation
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of the pattern. Howsaver, when the printing pen is misaligned, the offset between the
first symbol and the second symbol of the pattern is different from the ideal deviation
hetween the first symbol and the second symbol of the pattern, and is referred to as
an actual deviation of the pattern.

{0016] In an example implemeniation of the present subject matter, the
alignment pattern may be provided to a portable electronic device, such as a
smartphone, a tablet, a Personal Digital Assistant (PDA), and a laptop. In an
example, the alignment pattern may be provided as a multimedia content, for
instance as an image or as a video, o the portable electronic device.

[0017] The portable slectronic device then processes the alignmeant paliern
to detect the misalignment in the printing pen. During processing, the ideal deviation
between the first symbol and the second symbol of the pattem is delermined.
Thereafter, the position of the first symbol and the position of the second symbol
within the pattern is detected. That is, actual deviation between the positions of the
first symbol and the second symbol is determined. Any difference in value of the
actual devigtion and the ideal deviation of a pattern is due o misalignment of the
printing pen. In one exampie, values of the ideal deviation and the actual deviation
is determined for all patterns within the alignment pattern, printed by the printing pen.

[0018] After determining the values of actual deviation for the paftemns, a
relation between the values of the ideal deviation and the values of the actual
deviation corresponding to the patterns is established. In an example, based on the
established relation for a given value of aclual deviation, a corresponding value of
the ideal deviation can be determined. In an example implementation of the present
subject matter, a value of the ideal deviation for a zero valus of the actual deviation
is determined. The value of the ideal deviation is identified as the corrective value of
alignment for the printing pen of the printer. In a similar manner, corrective values
for other printing pens having misalignment is determined based on corresponding
ideal deviation and actual deviation of patterns printed by the other printing pens.
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[0019] In an example, the corrective values are then transmitted to the printer
for calibration of the printing pens. For sxample, if the corrective value for a printing
pen is 1.27 dots, then the printing pen is adjusted and realigned within the print head
assembly based on the corrective value of 1.27 dots, to reduce the misalignment.

{0020] The described iechnigues allow smariphones and other portable
electronic devices to capture the alignment pattern for processing and determining
the comrective value thereby providing cost and time efficient approach for detecting
the misalignment in printing pens of a printer. Further, the described technigques take
into account factors, such as image distortion and blurriness during capturing of the

image, therefore the corrective values determined are accurate and precise.

[0021] The above described techniques are further described with reference
to Fig. 1 to Fig. 7. It should be noted that the description and figures merely illustrate
the principles of the present subject matier along with examples described herein
and, should not be construed as a limitation o the present subject matter, it is thus
nofed that various arrangements may be devised that, although not explicitly
described or shown herein, describe the principles of the present subject matter.
Moreover, all statements herein reciling principles, aspects, and examples of the
present subject matter, as well as specific examples thereof, are intended to
sncompass equivalents thersof.

{0022] Fig. 1 schematically fllustrales an environment 100 according fo an
implementation of the present subject matter. The environment 100 includes a printer
102 communicatively coupled fo mulliple portable slectronic devices, 104-1, 104-2,
104-3, and 104-4 through a communication network, In an example implementation,
the printer 102 may be an inkjet printer. In another example, the printer 102 may be
an integrated printer unit having a scanner, and a copier or may be a stand-alone
printer. it would be noted that the printer 102 has a print head assembly having
multiple printing pens with either one printing pen or more than one printing pen
being misaligned.
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[0023] The portable slectronic devices 104-1, 104-2, 104-3, 104-4 may
include smartphonas, Personal Digital Assistants (PDA), laptops, tablets, celiphones
of e~readers having a camera or being associated with an external image capluring
device. For sake of reference, a portable electronic device 104-1, 104-2, 104-3, or
104-4 is referred to as a calibration system 104, hereinafier.

[0024) In an example implamentation of the present subject matier, the
communication network includes a short-range wireless communication, such as one
of a Blustooth connectivity, a Near Field Communication (NFC), a Zighee
communication, an infrared communication, a Wi-Fi communication. In an example,
the wireless communication is performed based on internet Protocol (IP) address of
the printer 102. In an example, the communication network includes wirad
connection, such as a Local Area Network (LAN) cable or an Ethernet cable.

{0025] The calibration system 104 comprises module{s) 108 that perform
different functionalifies, such as determining a corrective value of alignment for
printing pen of the printer 102, Accordingly, the module(s) 106 may include an
atignment module 108. in operation, the printer 102 prints an alignment patternon a
orint media, such as a paper or a plastic sheet. In one example, the alignment pattern
includes content, such as patterns that are printed by the printing pens of the printar
102.

[00286] The calibration systern 104 receives the alignment pattern (o determine
misalignment in the printing pen. In an example implementation, a corrective value
is determined in terms of a printing resolution of the printer 102, such as 600 Dots
Par inch (DP1} to 1200 DPL For example, if the corrective value determined for the
prinding pen is -1.27 dots, then the printing pen is to be sligned by a value of -1.27
dots within the print head assembly of the printer 102 for correcting the misalignment.
After determining the corrective values of alignment for the printing pen, the
calibration system 104 transmits the corrective value to the printer 102 for calibration

of the printing pen through the communication network.
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[0027] The detailed explanation of the funclionality of the calibration system
104 has been explained in conjunction with description of forthcoming figures.

{0028 Fig. 2 schematically #iustrales components of the calibration system
104, according o an example implementation of the present subject matter. In an
implementation of the present subject matler, the calibration system 104 may include
a processor 202 and the module(s) 106.

[0029] The processor 202 may be implemented as microprocessors,
microcompuiters, microcontrollers, digital signal processors, central processing unils,
state machines, logic circuitries, and/or any devices that manipulate signals based
on operational instructions. Among other capabilities, the processor(s) 202 may fetch
and execute computer-readable instructions stored in a memory. The functions of
the various elements shown in the figure, including any functional blocks labeled as
*processor{sy, may be provided through the use of dedicated hardware as well as
hardware capable of executing machine readable instructions.

{0030] The module{s) 108 of the calibration system 104 may include routines,
programs, objects, components, data structures, and the like, which perform
particular tasks or implement particular abstract data types. The module(s} 106 may
further include modules that supplement functioning of the calibration system 104,
for example, performance of an operating system. Further, the module(s) 106 can
be implemented as hardware units, or may be implemented as instructions executed
by a processing unit, or by a combination thereof.

[0031] in another aspect of the present subject matter, the module(s) 106 may
he machine-readable instructions which, when executed by a processor/processing
unit, perform any of the described functionalities. The machine-readable instructions
may be stored on an electronic memory device, hard disk, optical disk or other
machine-readable  slorage medium  or  non-ransitory medium. In one
implementation, the machine-readable instructions can also be downloaded {o the
storage medium via a network connection.
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[0032] The moduls{s) 1068 may perform additional funclionalities which
includes, capturing an image of an alignment pattern printed by the printer 102, and
detecting position of patterns within the alignment pattern. Accordingly, the
maodule{s} 106 may include, apart from the alignment module 108, an imags
processing module 204, and a position detection module 206.

[0033] in operation, the image processing module 204 captures an image of
the alignment pattern such that the captured image is aligned with a screen frame of
the calibration system 104. In an example, for aligning the caplured image with the
screen frame of the calibration system 104, the image processing module 204
captures the image based on position markers preseni on the alignment paltern. In
an example, the position markers may be present on top left side, top right side, and
hottom left side of the alignment pattern.

[0034] in an example implementstion of the present subject matter, the
alignment pattern comprises of multiple patierns where each pattern may include a
first symbol and a second symbol, printed in a juxtaposed position. Each paltern may
be printed such that one side of the first symbaol is in connection with one side of the
second symbol. In an implementation of the present subject matter, each pattern is
associated with a predefined value of deviation, between position of the first symbol
and position of the second symbol, referred o as an ideal deviation. As described
garlier, the ideal deviation s an offset between the first symbol and the second
symbal when there is no misalignment in the prinling pen and the printing pens of
the print head assembly are aligned. However, it would be noted that the pallerns
included in the alignment pattern, as printed by the printing pen of the printer 102,
may include deviation other than the ideal deviation, due o the misalignment of the
printing pen within the print head assembly.

[0035] The position detection module 208 detects position of the first and the
second symbaol and determines actual devigtion between position of the first symbeol
and the position of the second symbol for each pattern.
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[0038] in an example implementation of the present subject matler, the
alignment module 108 sstablishes a relation between the actual deviation
determined for multiple patterns of the alignment paltern and the ideal deviation
associated with the muitiple patterns. The relation, for instance, is an equation that
includes variables corresponding to both the ideal deviation and actual deviation for
the muitiple patterns such that for any value of actual deviation, a corresponding
valug of ideal deviation can be determined. Upon establishing the relation, the
alignment module 108 may determine a value of ideal deviation corresponding to
zero value of the actual deviation from the relation. The ideal deviation,
corresponding to zero value of the actual deviation, is indicative of corrective value
of alignment for the printing pan based on which the printing pen is o be aligned to
sliminate the misalignment.

{00377 in the example implementation, the calibration system 104 may
capture the image of the alighment pattern through the image processing module
204, implemented in a Complementary Metal Oxide Semiconductor (CMOS) image
sensor or a Charge Coupled Device {CCD) image sensor. The image may be
captured based on the position markers on the alignment patlern such that the image
of the alignment pattern aligns with a screen frame of the smariphona. In the example
implementation, after capturing the image, the calibration system 104 may process
the image to determine the corrective value of alignment for the printing pen.

[0038] The calibration system 104 utilizes various application modules, such
as the position detection module 206 and the alignment module 108 1o determine
the corrective value. For instance, the calibration system 104 detecls positions of the
first symbol and the sscond symbeol, and determines actual deviation befween the
first symbol and the second symbol using the position detection module 208,
Thereafier, the calibration system 104 derives a relation between the actual deviation
and the ideal deviation for the multiple patlerns and determines a value of ideal
deviation for zero value of the actual deviation, by ulilizing the alignment module 108.
The value of the ideal deviation is then transmitted {o the printer 102, through a short



WO 2018/147831 PCT/US2017/016837

10

range communication, for instance Bluetonth, for calibrating the printing pen fo

reduce the misalignment.

[0038] Further, the dstails of the functioning of various modules 108 of the
calibration system 104 are described with reference to the description of Fig.3 and
Fig.4.

{0040] Fig.3 schematically ilustrates different components of the calibration
system 104, according to an implementation of the present subject matlter. In an
implementation of the present subject matter, the calibration system 104 comprises.
apart from the processor 202, an interface 300, a memory 302, and the
communication module 304 and data 306.

[0041] The interface{s} 300 may include a variety of machine readable
instructions-based interfaces and hardware interfaces that allow the calibration
system 104 fo interact with different entities, such as the processor 202, and the
module{s} 106. Further, the interface(s) 300 may enable the components of the
calibration system 104 to communicate with other systems, and exitemnal sources.
The interfaces 300 may facilifate mulliple communications within a wide varisty of
networks and protocol types, including wireless neftworks, wirelass Local Area
Network {(WLAN), RAN, satellite-based network, sic.

{0042] The memory 302 may be coupled o the processor 202 and may,
among other capabilities, provide data and instructions for generating different
requests. The memory 302 can include any computer-readable medium known in
the art including, for example, volatile memory, such as slatic random access
memory {SRAM) and dynamic random access memaory {DRAM), and/or non-volatile
memory, such as Read Only Memory {(ROM]), erasable programmable ROM, flash
memories, hard disks, opfical disks, and magnetic tapes.

{0043] Further, the module(s) 106 include an addilional module, such as the
communication module 304. The communication module 304 allows the calibration
system 104 communicale data with other devices, such as the printer 102.
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[0044) The data 306 serves, amongst other things, as a repository for storing
information that may be fetched, processed, received, or generated by the module(s)
106 and deviation data 308, resolution data 310, and other data 312. The deviation
data 308 may include values, such as ideal deviation for each pattem in the
alignment patlern, and resolution data 310 may include printing resolution of the
printer 102 for printing the alignment pattern. The other data 312 may include printer
identification to identify the printer for transmitting any data to the printer 102,

[0045] For sake of explanation, the functioning of different components of the
calibration system 104 in processing the alignment pattern {o determine the
corrective value is described in conjunction with the description of Fig.4.

[0048] Fig. 4 iHlustrates an example alignment pattern 400 printed by the
printer 102 according to an example implementation of the present subject matter.
The alignment pattern 400 may be printed on a print media, such as a paper and
comprises multiple pattermns 402-1, 402-2, 402-3, ... 402-n. For reference, the
multiple patierns 402-1, 402-2, 402-3, ....402-n have been colleclively referred to as
patterns 402 and individually as a pattern 402 hereinafter. The pattems 402 are
distributed across mulliple sets of rows 404-1, 404-2, 404-3, and 4044 where each
set of rows corresponds 1o patterns 402 printed by a printing pen in an operation
mode, wherein the printing pen may have misalignment. For instance, the set of rows
404-1 is printed by a black printing pen in forward and reverse printing direction at
slow and fast carriage slew and the set of rows 404-2 is printed by a coloured printing
pen in forward and reverse printing direction. Further, the set of rows 404-3 is printed
by the coloured printing pen and the black printing pen in a predefined direction, such
as in pen 1o pen x-pattern, and the set of rows 404-4 and set of rows 404-5 are
printed by the printing pen in pen to pen y-pattern. The set of rows 404-4 is, for
instance detecting misalignment along y-patiern of the printing pen, such as during
finefeed or paper feed in the printer 102 for printing the alignment pattern 400, and
then calibrating the printing pen along the y-pattemn. In an exampile, the black printing
pen and the colour printing pen have misalighment.
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[0047] In an exampls, the alignment pattern 400 may include position markers
406-1, 408-2, and 408-3 located at the top left of the alignment pattern 400, top right
of the alignment patterm 400, and bottom left of the alignment pattemy 400
respactively. Further, the pattern 402-1 comprises a first symbol 408-1 and a secand
symbol 410-1. For the ease of explanation, it has been described that a pattern 402
comprises a corrasponding first symbol 408 and a corresponding second symbol
410.

[0048] In an example implementation, the first symbol 408-1 has a top right
boundary 412-1 and a top left boundary 412-2 and the second symbol 410-1 has a
bottom right boundary 412-3 and a bottom leff boundary 412-4 respectively. Further,
the first symbol 408-1 has a line of symmetry 414-1, and the second symbot 410-1
has a line of symmetry 414-2.

{00491 Further, each pattern 402 is associated with a value of ideal deviation
of one of -4, -3, -2, -1, 0, +1, +2, +3, and +4. For instance, the patiermn 402-1 is
associated with the ideal deviation +4, The ideal deviation of +4 implies that in a
condition where there is no misalignment in the printing pen, the offset in position of
the first symbol 408-1 and the second symbol 410-1 is +4 dots, where the offset is
measured in terms of printing resolution, such as 800 Dots per inch (DP1) to 1200
DPL

{0050] in one example, the offset between the top right boundary 412-1 of the
first symbol 408-1 and the bottom right boundary 412-3 of the second symbol 410-1
is denoted as D4, and the offset between the top left boundary 412-2 of the first
symbol 408-1 and the bottom lefl boundary 412-4 of the second symbol 410-1 is
denoted as Dz Further, the deviation betwesn line of symmetry 414-1 and line of
symmetry 414-2 is denoted as d.

[0051] Referring to Fig.3, the image processing module 204 of the calibration
system 104 captures the image of the alignment pattern 400 based on the position
markers 406-1, 406-2, and 406-3. In a scenario, the image caplured by the image
processing module 204 may be subjected to image distortion and blurriness based
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on various factors, such as inappropriate handling of device or posilioning of a
camera of the device during capluring the image, insufficient light conditions, and
lower resolution of the camera. On some instances, the caplured image may have
fow image quality depending upon type, capability and quality of camera used for
capturing the image.

[0052] As described earlier, in the alignment pattern 400, each palterm 402 is
associated with a value of ideal deviation. The value of ideal deviation for each

pattern 402 may be stored in the data 306 as deviation data 308.

{0053] After capturing the image of the alignment pattern 400, the position
detection module 206 may detect position of the first symbol 408 and position of the
second symbol 410 of a pattern 402-1 based on the boundaries of the first symbol
408 and the boundaries of the second symbol 410, For instance, the position
detection module 206 may delect the position of the top left boundary 412-2 and the
top right boundary 412-1 of the first symbol 408-1 based on boundary detection
techniques and detects position of the first symbol 408-1. In an example, the position
of the boundary is detected in native image resolution. The native image resolution
is the resolution of the image captured by the image processing module 204 and is
determined in pixels (px). In one example, the native image resolution may vary
based on factors, such as specification of the image processing module 204, and
distance between the alignment pattern 400 and the image processing module 204,
The position detection module 206 may then delect the boltom right boundary 412-
3 and the boltom left boundary 412-4 of the second symbol 410-1 {o detect position
of the second symbol 410-1.

[0054] In another example, the position detection module 206 may detect the
position of the symbols based on position of respective line of symmetries of the
symbals. The position detection module 206 may detect the position of the line of
symmetry 414-1 of the first symbol 408-1 and assigns the detected position to the
first symbol 408-1.
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[0055] Upon detecting the position of first symbol 408-1 and second symbol
410-1, the position detection module 206 may determine the actual devialion
between position of the first symbol 4081 and the position of the second symbol
410-1.

[0056] In an example, the determination of the actual deviation may be based
on position of the boundaries of the two symbols. In another example, the
determination of the aclual deviation may be based on line of symmelry of the first

symbol 408 and the line of symmelry of the second symbol 410,

[0057] in one example, each value of the actual deviation for each pattern 402
within the set of rows 404-1 is determined as a value of line setlling, referred fo as
Measured Line Setting {(MLS), and the ideal deviation is determined as a value of
ldeal Line Setting {ILS). in the example, the MLS is measured in the native image
resolution of the image ard the ILS is measured in print resolution of the printer.

{0088) For each paltern 402 within the set of rows 404-1, the posilion
detection moduls 206 may detact the offset D between top right boundary 412-1 of
the first symbol 408-1 and the bottom right boundary 412-3 of the second symbol
410-1, and the offset D2 betwaen the top left boundary 412-2 of the first symbaol 408-
1 and the bottom left boundary 412-4 of the second symbol 410-1. Thereafier, the
position detection module 206 determines the MLS as an average value of D¢ and

Dz, given as:

Measured Line Setling (MLS) = {({Bottom right boundary - top right boundary) +
{Botiom left boundary — top left boundary})/2

OR

P14+ D2

MLS = 5

{0059] fn an example implementation of the present subject matter, the MLS
for the pattern 402-1 may also be equivalent to the offsef betwesn position of ling of
symmetry 414~1 and position of line of symmetry 414-2,
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[0080] After determining MLS for each patiern, multiple values of MLS are
oblained for the mulliple patterns 402 within the set of rows 404-1, where each
pattern is also associated with a value of ILS. In a similar manner, values of actus!
deviation are determined for the remaining pafterns 402 in the sel of rows 404-1
printed by a printing pen, for instance, the black printing pen having misalignment,
and values of ideal deviation and actual deviation are determined for each pattern

within other sets of rows 404-2, and 404-3 printed by other printing pens.

[0061] As described earlier, a relation between the ideal devigtion and the
actual deviation is established by the alignment module 108. An example of
processing the mulliple values of actual deviation computed in terms of MLS and the
ideal deviation or the ILS, by the alignment module 108, to determine the relation
hetween the ideal devialion, and the actual deviation is further described with
reference {o Fig. 5. it would be noted that the relation between the MLS and the ILS,
as described in Fig. 5 5 an example relation, and the alignment module 108 may
also utilize other methods {o establish a relation between the MLS and the ILS.

[0062] Fig. b illustrates an x-y graph 500 with y-axis 502 representing the
values of ILS for the mulliple patterns and x-axis 504 representing the values of the
MLS for the mulliple patterns. A point is plotted on the x-y graph for each pattern
based on the MLS and ILS value of the pattern of the set of rows 404-1.

{0063] Faor example, the MLS oblained for the paltern 402-9, when the position
of bottom right boundary of the second symbol of the pattern 402-9 is determined {o
he 132.03 pixels (px) in the native image resclution, the position of top right boundary
of the first symbol of the paftern 402-8 is determined to be 130 px, the position of
bottom left boundary of the second symbol of the paftern 402-8 is determined fo be
102.03 px, and the position of top left boundary of the first symbol of the pattern 402-
9 is determined to be 100 px is:

MLS = {132.03 - 130) + {(102.03-100)2 = -2.03 px
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[0064] Since the LS value corresponding to the pattemn 402-9 is -4 dpi, the
point 508-1 correspanding to a value of -2.03 px on the x-axis 504 and a value of -4
dpt on the y-axis 502 is plotted. The point 506-1 denotes the point corresponding fo
the pattemn 402-9. In a similar manner, the MLS values for pattern 402-7 and 402-1
are determined to be -Q.067 px, and 6.12 px respectively, and plotted on the graph.
Accordingly, points coresponding to the remaining patterns are also plotied on the
x-y graph 500. For sake of refarence, the multiple points 506-1, 506-2, ..., and 506-
7 have been collectively referred to as points 506.

[0065] After plotting the multiple points 506 for the patterns 402-1, 402-2, ...
402-9, the alignment module 108 applies a line filling to the mulliple points 506 fo
obtain a straight line 508. In an example implementation, after determining the
straight line 508, the alignment module 108 determines an equation of the straight
fine 508. In an example, the equation of the straight line 508 represents the relation

hetween the ideal deviation and actual deviation.

{0066] In an example, the alignment module 108 determines a value of the
ideal deviation, corresponding to a zero value of the actual deviation. That is, the
value of the y-intercept of the straight line 508, representing ideal value of deviation
when the actual deviation is zero. In the above example, the value of the y-intercept
may be determined to be -1.87. The value of the ideal deviation, when the actual
deviation is zero, is indicative of the miss calibration in the printing pen. Therefore,
the corractive value for calibrating the printing pen of the printer 102 is -1.87. t would
be noted that the corrective value carresponds fo the misalignment in one printing
pen, for instance, the black printing pen.

[0067] Thereafter, the alignment module 108 may calculate the corrective
value for each sel of row 404-2, and 404-3 in the alignment patiern 400 to determine
a corrective value for each printing pen having misalignment.

[0068] In an example implementation of the present subject matlier, the
communication module 304 transmits the multiple corrective values 1o the printer
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102, based on the printer identification, for calibration of the printing pens within the
printer 102,

[0068] Fig. 6 llustrates a method 600 for calibrating a printing pen of a print
head assembly, The order in which the method 800 is describad is not intended to
be construed as a limitation, and any number of the described method blocks may
be combined in any order to implement the method 600, or an alternative method.
Furthermore, the method 600 may bs implemented by processor(s) or computing
systemy(s), such as one of systems 104, through any suitable hardware, non-
transitory machine readable instructions, or combination thereof.

[0070] it may be noted that steps of the method 600 may be performed by
programmed computing systems, such as the calibration system 104, The steps of
the method 600 may be executed based on instructions stored in a non-transitory
computer readable medium, as will be readily noted. The aon-transitory computer
readable medium may include, for example, digital memories, magnetic storage
media, such as magnetic disks and magnetic tapes, hard drives, or oplically readable
digital data storage media.

[0071] Referring to Fig. 8, in an impiementation of the present subject matter,
at block 802, an alignment pattern printed on a print media by & print head assembly
is received. In an example, the alignment paliern is received by a portable electronic
device, such as the calibration system 104, Examples of such calibration system 104
include a smarlphone, a tablet, a laptop, and a PDA. The alignment pattern can be
received through the camera of the porfable electronic device by either capluring an
image of the alignment pattern or by capturing a video of the alignment pattern. In
ancther example, the camera of the portable electronic device may focus on the
atignment pattern {o receive the alignment pattern. in another example, the portable
electronic device may receive the alignment pattern from another computing device,
such as ancther portable electronic device or a deskiop computer, communicatively
coupled to the portable electronic davice through a wired or a wireless connection.



WO 2018/147831 PCT/US2017/016837

18

[0072] The alignment pattern has multiple palterns and each patlern has two
symbaols, a first symbol and a second symbol printed in a juxtaposed position. Each
pattern has an ideal deviation that corresponds to a predefined value of deviation
between the first symbol and the second symbol of sach pattern when there is no
misalignment and the printing pen is aligned within the print head assembly of the
printer 102.

[0073] Thereafter at block 604, a position of the first symbol and a position of
the second symbol is detected within the pattern on the printed media. In an example
implementation, the position dstection module 206 of the calibration system 104
detects the position of the first symbol 408 and the second symbaol 410 based on a
boundary detection technigue. After detecting the position, the actual deviation
hetween the position of the first symbol and the position of the second symbal is
determined for each pattern at block 606. It would be noted that the misalignment of
the printing pen causes the actual deviation in the posttion of the first and the second
symbol. In one example, the position detection module 206 determines the deviation
in betwaen the position of the first symbol 408 and the position of the second symbol
410 for each pattern 402.

{0074} At block 608, a relation is established betweern the actual deviation for
the multiple patterns and the ideal deviation associated with the multiple patterns. In
an example implementation, the slignment module 108 establishes the relation
hetween the mutliple values of the ideal deviation and the aclual deviation for the

muitiple patterns 402.

[0075] Al block 810, a value of ideal deviation corresponding 10 a zero value
of the actual deviation is determined based on the determined relation. In an sxample
implementation of the present subject matter, the alignment module 108 of the
calibration system 104 determines the value of the ideal deviation for zero value of
the actual deviation. The value of the ideal deviation is indicative of the corrective
value of alignment for the printing pen.
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[0078] Fig. 7 dlustrates a computing environment 700 implementing a non-
transitory computer-readable medium 702, according to an implementation of the
present subject matter. Inan example implementation, the non-transitory computer-
readable medium 702 may be utilized by a portable computing device, such as the
calibration system 104 {not shown}. The calibration system 104 may be implemented
in a public networking environment or a private networking environment. In one
implementation, the computing snvironment 700 may include a processing resource
704 communicatively coupled to the non-transitory computer-readable medium 702

through a communication link 706 connecting o a network 708.

[0077] For example, the processing resource 704 may be implemented in a
portable electronic device, such as the calibration system 104 as described earlier.
The non-transitory computer-readable medium 702 may be, for example, an internal
memory device or an external memory device. In one implementation, the
communication link 706 may be a direct communication link, such as any memory
readfwrite interface. In another implementation, the communication link 706 may be
an indirect communication link, such as a network interface. in such a case, the
processing resource 704 may access the non-transitory computer-readable medium
702 through the network 708. The network 708 may be a single network or a
combination of multiple networks and may use a variety of differsnt communication
protocols.

[0078) The processing resource 704 may be communicaling with the
computing environment 700 over the network 708 to access data source 710, In one
implementation, the non-transifory computer-readable medium 702 includes a set of
computer-readable instructions, such as instructions 1o receive the alignment pattern
712 {instructions 712), instructions to determine actual deviation 714 {instructions
714), and instructions {o determine corrective value of alignment 716 (instructions
718). The set of computer-readable instructions may be accessed by the processing
rasource 704 through the communication link 706 and subsequently executed o
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determine the comective value of alignment for a printing pen having misalignment

within a print head assembly of a printer, such as printer 102,

[0079] it would be noted thal there may be multiple printing pens within the
printer 102 having misalignment, however, for ease of explanation, detecting
misalignment and determining the corrective value for one printing pen has been
explained in the forthcoming description.

[0080] The instructions 712 are accessed by the processing resource 704 {o
allow receiving of the alignment patfern. in an example implementation, the
instructions 712 may be implemented as the image processing module 204 of the
system 104 to allow capturing of the image of the alignment pattern 400. In another
example, the instructions 712 when executed by the processing resource 704 allows
receiving the alignment pattermn from anocther portable electronic device. The
alignment pattern includes multiple sets of rows, such gs 404-1, where each row
comprises multiple patterns, such as patterns 402 within the set of rows 404-1. Each
set of rows corresponds o patterns printed by the printing pen in an operating mode,
such as bidirectional printing by the printing pen at slow and fast carriage slew, and
printing in one direction.

{o081] In an example implementation, the non-transifory compulsy readable
medium 702 may include other instructions {not shown in the figure), such as
insfructions to adjust position of the alignment paflern. In one example
implementation, the processing resource 704 accesses the instructions to adjust
position of the alignment pattern to determine skew in the position of the alignment
patfer based on position markers on the alignment pattern that allow determination
of the position and alignment of the alignment pattern. Further, the processing
resource 704 accesses the instructions to adjust the position of the alignment pattern
to eliminate the skew by aligning the position of the alignment pattern.

[0082] Each pattemn within a set of rows comprises a first symbol and a second
symbol printed adjacent to each other such that one side of the first symbol is in
connection with one side of the second symbal. Further, each pattern is assigned an
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ideal deviation corresponding to a predefined value of deviation when the printing
pen is aligned within the print head assembly. The instructions 714 are accessed by
the progessing resource 704 o detect a position of the first symbol and a position of
the second symbal for sach pattermn on the printed media utilizing an edge detection
technique and to determine actual deviation for each pattern. The actual deviation
corresponds to misalignment of the printing pen. In an example implementation, the
instructions 714 are implemented as position detection module 206 in the calibration
systemn 104 to perform the funclionality of detecting position and the actual deviation

for each patiem.

[0083] After executing the instructions 714, the processing resource 704
executes the instructions 716 o establish a relation between mulliple values of ideal
devigtion and mulliple values of actual deviation for the multiple patterns. The
relation may be, for instance an equation of a line, such as the straight line 508
described with reference to Fig.5. The relation may have variables representing the
actual deviation and the ideal deviation such that for each value of actual deviation
there is a corresponding value of ideal deviation that can be determined from the

relation.

joog4) Thereafter, the processing resource 704 determines vaiue of the ideal
deviation for a zero value of the actual deviation. The value of ideal deviation is the
corrective value of alignment for calibrating the printing pen. In an example, the
instructions 716 are implemented as the alignment module 108 of the calibration
system 104 to establish the relation and determine the corrective value of alignment.

[0085] Further, the processing resource 704 accesses instructions 1o transmit
the carrective value (not shown in the figure) to provide the corrective value to a
printer, for instance the printer 102 based on which the printer 102 may then calibrate
the printing pen to reduce the misalignment.

[0086] Therefore, the described {echniques provide a time and cost efficient
approach for detecting the misalignment for calibration of the printing pen. Further,
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the described fechnigues provide enhanced accuracy in detecling the misalignment
theraby facilitating error free calibration of the printing pen.

[0087] Although implementations of present subject matter have been
described in language specific {o structural features and/or methods, it is to be noted
that the present subject matier is not limited to the specific features or methods
described. Rather, the specific features and methods are disclosed and explained in

the context of a few implementations for the present subject matter.
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What is claimed is:

1.

A method for calibraling a printing pen of a print head assembly, the method
comprising:

receiving an alignment pattern printed on a print media by the print
head assembly, the alignment pattern comprising a plurality of patterns, with
each pattern compriseas a first symbol and a second symbol in a juxiaposed
position, wherein esach paltern is associated with an ideal devialion
corresponding fo a predefined value of deviation between a position of the
first symbol and a position of the second symbol within the pattern when the
printing pen is aligned;

detecting a position of the first symbol and a position of the second
symbol on the print media for each pattern from amongst the plurality of
patierns,;

determining an actual deviation betwesen the position of the first symbol
and the position of the second symbol on the print media for each pattem,
wherein the actual deviation in each pattern is indicative of misalignment of
the printing pen;

establishing a relation between the actual deviation determined for the
plurality of pattermns on the print media and the ideal deviation corresponding
to the plurality of patlerns; and

determining a value of ideal deviation corresponding {0 a zero value of
the actual deviation based on the established relation, wherein the value of
the ideal deviation is indicative of a corrective valug of alignment for the

printing pen.

The msthod as claimed in claim 1, wherein the detecting is based on a
boundary of the first symbol and a boundary of the second symbol.

The method as claimed in claim 2, wherein the determining the actual
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deviation comprises:
detecting the boundary of the first symbol and the boundary of the
second symbol for each pattern from amongst the plurality of patterns; and
determining difference in position of the boundary of the second
symbol and the boundary position of the boundary of the first symbol on two
sidas of the first symbol.

The method as claimed in claim 1, wherein the determining the actual
deviation is based on an offset between a line of symmetry of the first symbol

and a line of symmetry of the second symbol for each pattemn.

The method as claimed in claim 1, wherein the recelving comprises oblaining
an image of the alignment pattern by a camera of a portable slectronic device.

The method as claimed in claim 1, wherein the recelving comprises:
determining a skew in the position of the alignment pattern based on

position markers on the alignment pattern, wherein the position markers allow

determination of the position and alignment of the alignment pattern; and
adiusting position of the alignment pattern {0 eliminate the skew.

The method as claimed in claim 1, wherein the determining the value of the
eal deviation comprises plotting the determined aclual deviation for sach
pattern and the corresponding ideal deviation as a plurality of points on a

graph,

The method as claimed in claim 7, wherein the determining the value of the
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ideal deviation comprises applying line fitting to the plurality of points to obiain
a line, wherein the lne corresponds to the relation between the actusl
deviation determined for the plurality of patierns and the ideal deviation
corresponding to the plurality of patterns.

9. A system Jor calibrating a printing pen of a print head assembly in a printer,
the system comprising:
a processor,
an image processing module coupled to the processor to capture an
image of an alignment pattern, based on position markers on the alignment
pattern,

the alignment pattern comprising a plurality of patterns printed
on a print media with each patiern having a first symbol and a second
symbol in a jJuxtaposed position, each pattern being associated with an
ideal deviation, the ideal deviation corresponding to a predefined value
of deviation between a position of the first symbol and a position of the
sacond symbol when the printing pen is aligned;
a position detection module coupled o the processor to:

detect, for each patiern from amongst the mulliple palterns, a
position of the first symbol and a position of the second symbol on the
print media; and

determine an actual deviation belween posilion of the first
symbal and position of the second symbol for each paliern, wherein
the actual deviation is indicative of misalignment of the printing pen;
an alignment module coupled {o the processor {0

establish a relation between the actual deviation determined for
the plurality of patterns and the ideal deviation associated with the
plurality of patterns; and
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of actual deviation, the ideal deviation being indicative of corrective
value of alignment for the printing pen.

The system as claimed in claim 9 further comprising a communication module
coupled to the processor, to transmit the corrective value 1o the printer for
aligning the printing pen.

The system as claimed in claim 8, wherein the alignment module is o
determine the value of the ideal deviation corresponding o zero value of the
actual deviation by plotting the aclual deviation determined for the plurality of
patterns and the corresponding ideal deviations as a plurality of points on a
graph.

The system as claimed in claim 9, wherein the position detection module is to
detect the position of the first symbol and the position of the second symbol
based on a position of line of symmetry of the first symbol and a position of

line of symmetry of the second symbol.

A non-transitory computer-readable medium for calibrating a printing pen of a
print head assembly in a printer, the nondransitory computer readable
medium comprising instructions sxecutable by a processing resource to!
raceive an alignment pattem printed on a print media by the print head
assambly, the alignment pattern comprising a plurality of patterns, wherein
each pattern has a first symbol and a second symbol in a juxtaposed position
and s associated with an ideal deviation corresponding to a predefined value
of deviation between the first symboi and the second symbol within the pattern

for an aligned printing pen;
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detent, for each pattern, a position of the first symbol and a position of
the second symbot within the pattern printed on the print media;

determine an actual deviation between the first symbol and the second
symbol for each pattern, wherein the actual deviation in each paltem
corresponds to misalignment of the printing pen;

determine an actual deviation between the position of the first symbeol
and the position of the second symbol for each patiern, wherein the actual
deviation in each pattern is indicative of misalignment of the printing pen;

establish a relation between the ideal deviation corresponding to the
plurality of patterns and the actual deviation determined for the plurality of
patterns; and

determine a valus of ideal deviation corresponding to a zero value of
the actual deviation based on the esiablished relation, wherein the value of
the ideal deviation is indicative of a corrective value of alignment for the
printing pen; and

transmit the corrective value for the alignment pattern 1o the printer for
calibrating the printing pen.

The non-transitory computer readable medium as claimed in claim 13,
wherein the instructions 10 receive the alignment pattern are o caplure an
image of the alignment patiemn.

The non-transitory computer readable medium as claimed in claim 13,
wherein the instructions are {o:
determine skew in the position of the alignment pattern based on
position markers on the alignment pattern, wherein the position markers allow
determination of the position and alignment of the alignment patlern; and
adjust position of the alignment paltern to eliminate the skew.
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