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CALIBRATION TARGET SHIFT COMPENSATION

BACKGROUND

[0001] Scanners often use a light source to illuminate a section of an
original item. A lens or an array of lenses redirects light reflected from or
transmitted through the original item so as to project an image of a scan line onto
a plurality of sensor chips arranged along the scan line. Each of the sensor chips
includes light-sensitive elements that produce respective electrical signals related
to the intensity of light falling on the element, which is in turn related to the
reflectance, transmittance, or density of the corresponding portion of the original
item. These electrical signals are read and numerical values are assigned to the
electrical signals. A scanning mechanism typically sweeps the scan line across
the original item so that the light-sensitive elements read the successive scan
lines. By associating the numerical values with their corresponding locations on
the original item being scanned, a digital representation of the scanned item may

be constructed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Features of the present disclosure are illustrated by way of example
and not limited in the following figure(s), in which like numerals indicate like

elements, in which:

[0003] FIG. 1 shows a block diagram of an example apparatus that may be
implemented to compensate for a positional shift of a target centroid in a captured
image;

[0004] FIG. 2A shows a schematic diagram of a printing system in which

the apparatus depicted in FIG. 1 may be implemented according to one example;

[0005] FIG. 2B shows a bottom view of the scan bar depicted in FIG. 2A

according to one example;

[0006] FIG. 3 shows a diagram of a first row of targets under an ideal
condition and a second row of targets that are impacted by a chip gap between

sensor chips in a scan bar according to one example;

[0007] FIGS. 4 and 5, respectively, show flow diagrams of example
methods for compensating for an estimated positional shift in a target centroid;
and

[0008] FIG. 6 shows a flow diagram of an example method for determining

a chip gap size through measurements of distances between targets in a test

sample.
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DETAILED DESCRIPTION

[0009] Print die in printers may be offset from each other and may be
positioned at locations other than their exact intended locations, for instance, due
to tolerances in the manufacture of the print die. As such, printers that employ
multiple print die composed of a plurality of nozzles may be calibrated to ensure
that the nozzles are fired at correct, e.g., calibrated, times to ensure that print
fluid, such as, ink, may accurately be applied to a medium, such as a sheet of
paper, a layer of build material particles, etc. One manner in which the print die
may be calibrated may be through the printing of a test pattern of targets using the
print die, scanning of the printed test pattern using a scan bar, and determining
whether the targets in the printed test pattern of the scanned image are in their
intended locations. In addition, the print die may be calibrated from the
determination. However, if the locations of the targets in the scanned image differ
from their actual locations in the test pattern, the print die may not be accurately

calibrated.

[0010] The locations of the targets in the scanned image may not
accurately reflect the actual locations of the targets in instances in which the scan
bar includes multiple sensor chips arranged in an aligned configuration along the
scan bar in which the sensor chips are separated from each other by respective
chip gaps. Scan bars having this type of configuration may be relatively less
expensive than other types of scan bars and thus, this type of scan bar may be
implemented in printers to reduce the costs associated with manufacturing those
printers. In any regard, the chip gap may resultin data corresponding to an image
being missed as the sensor chips may not capture an image of portions covered
by the chip gaps. As a result, when the captured image is generated, the missing
data may cause portions of the image to be shifted such that the captured image
is thinner than the original image. That is, centroids of targets in the captured
image may be shifted such that targets on opposite sides of the positions
corresponding to the chip gaps may be closer to each other than the centroids of

the targets that are not on opposite sides of those positions.
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[0011] Disclosed herein are apparatuses and methods that may be
employed to compensate for an estimated positional shift in a calibration target
centroid in a captured image caused by a chip gap between sensor chips in a
scan bar used to capture the image. In the apparatuses and methods disclosed
herein, a size, e.g., a width, of a chip gap between a first sensor chip and a
second sensor chip in the scan bar may be determined. In addition, a model that
estimates an amount of positional shift of a target centroid may be accessed, e.g.,
selected from a plurality of models, generated, or the like. In addition, the
determined chip size and the accessed model may be applied on the captured
image to cause the location of the calibration target centroid to more accurately
correspond to an actual location of the calibration target centroid on an object
form which the captured image was captured. As discussed herein, the model
may pertain to a particular set of features including a location of a chip, a type of
the target, and a size of the target and multiple ones of the models may pertain to

different sets of features.

[0012] Through implementation of the apparatuses and methods disclosed
herein, positional shifts in the locations of calibration target centroids caused by
chip gaps between sensor chips in a sensor bar may be moved by an amount that
compensates for the positional shifts. In one regard, therefore, the apparatuses
and methods disclosed herein may enable printers to use scan bars having
contact image sensor chips with chip gaps between the sensor chips to
accurately calibrate print die. In addition, such printers may be fabricated in a
relatively inexpensive manner while still enabling the print die to be accurately
calibrated.

[0013] Before continuing, it is noted that as used herein, the terms
"includes" and "including" mean, but is not limited to, "includes" or "including" and
"includes at least" or "including at least." The term "based on" means "based on"

and "based at least in part on."

[0014] Reference is first made to FIG. 1, which shows a block diagram of
an example apparatus 100 that may be implemented to compensate for a

positional shift of a target centroid in a captured image. It should be understood
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that the apparatus 100 depicted in FIG. 1 may include additional components and
that some of the components described herein may be removed and/or modified

without departing from a scope of the apparatus 100 disclosed herein.

[0015] The apparatus 100 may be a computing apparatus, e.g., a personal
computer, a laptop computer, a tablet computer, a smartphone, or the like. In
these examples, the apparatus 100 may be separate from a printing system,
which may be 2D printing system or a 3D printing system and may communicate
instructions to the printing system over a direct or a network connection. In other
examples, the apparatus 100 may be part of a printing system. In these
examples, the apparatus 100 may be part of a control system of the printing
system and may communicate instructions to printing components, e.g.,

printheads, of the printing system, for instance, over a bus.

[0016] The apparatus 100 may include a processor 102 that may control
operations of the apparatus 100. The processor 102 may be a
semiconductor-based microprocessor, a central processing unit (CPU), an
application specific integrated circuit (ASIC), a field-programmable gate array
(FPGA), a graphics processing unit (GPU), a tensor processing unit (TPU),
and/or other hardware device. The apparatus 100 may also include a memory
110 that may have stored thereon machine readable instructions 112-116 (which
may also be termed computer readable instructions) that the controller 102 may
execute. The memory 110 may be an electronic, magnetic, optical, or other
physical storage device that contains or stores executable instructions. The
memory 110 may be, for example, Random Access memory (RAM), an
Electrically Erasable Programmable Read-Only Memory (EEPROM), a storage
device, an optical disc, and the like. The memory 110, which may also be
referred to as a computer readable storage medium, may be a non-transitory
machine-readable storage medium, where the term “non-transitory” does not

encompass transitory propagating signals.

[0017] The processor 102 may fetch, decode, and execute the instructions
112 to determine a size of a chip gap between a first sensor chip and a second

sensor chip of a sensor bar. As discussed herein, the position of a target centroid
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may shift due to an impact of a chip gap between the sensor chips in a scan bar
that captured the image having the target. The target, which may also be
referenced as a calibration target, may be an element, e.g., a printed feature,
having a particular shape and may be part of a pattern of targets that may be used
to calibrate, for instance, print bar to print bar positions, print die to print die

positions, etc.

[0018] The processor 102 may fetch, decode, and execute the instructions
114 to access a model that estimates and amount of positional shift of a target
centroid. In addition, the processor 102 may fetch, decode, and execute the
instructions 116 to apply the determined chip gap size and the accessed model
on a captured image having a target to compensate for an estimated positional
shift in a centroid of the target in the accessed image by causing a location of the
target centroid in the captured image to more accurately correspond to an actual
location of the target centroid on an object or item from which the captured image

was captured.

[0019] Turning now to FIG. 2A, there is shown a schematic diagram of a
printing system 200 in which the apparatus 100 depicted in FIG. 1 may be
implemented. It should be understood that the printing system 200 depicted in
FIG. 2A may include additional components and that some of the components
described herein may be removed and/or modified without departing from a

scope of the printing system 200 disclosed herein.

[0020] As shown in FIG. 2A, the printing system 200 may include an agent
delivery device 202, a scan bar 204, and the apparatus 100. The agent delivery
device 202 may deposit an agent 206 onto an object 208 through nozzles 210.
The agent 206 may be a marking agent, a fusing agent, a detailing agent, or the
like. In some examples, the printing system 200 may be 2D printing system and
the object 208 may be a media, such as a sheet of paper and the agent 202 may
partially be absorbed into the media 208. In other examples, the printing system
200 may be a 3D printing system and the object 208 may be a layer or multiple
layers of build material particles from which 3D parts may be fabricated and the

agent 202 may be absorbed between the build material particles. In any of these
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examples, the agent delivery device 202 may be controlled to deposit the agent
206 at selected locations on the object 208 to form an intended image or intended
portions of a 3D part. In addition, the agent delivery device 202, which may
include a print bar or multiple print bars, in which each of the print bars has a
single print die or a plurality of print die, may have a plurality of nozzles 210
through which the agent 206 may be delivered. In examples in which the agent
delivery device 202 includes multiple print die, the print die may be positioned in
an offset arrangement with respect to each other such that portions of multiple

ones of the print die are able to print onto the same locations on the object 208.

[0021] The nozzles 210 in the agent delivery device 202 may undergo a
calibration operation to ensure that droplets of the agent 206 may be delivered
accurately onto the object 208. That is, a calibration operation may be
implemented to calibrate the multiple print bars, multiple print die, etc., such that
the nozzles 210 in the agent delivery device 202 may be operated to accurately

deposit the agent 206.

[0022] During the calibration operation, the agent delivery device 202 may
be implemented to print the agent 206 into a test pattern of targets and the scan
bar 204 may be implemented to capture images of the targets included in the
printed test pattern. The locations of the targets in the captured images may be
compared with actual known locations of the targets to determine whether any of
the targets has been printed in an unintended location. If the scan bar 204 does
not accurately generate a captured image from the scan, the locations of the
targets in the captured images may not be accurate, which may occur due to chip
gaps between sensor chips in the scan bar 204. As discussed herein, the
apparatus 100 may implement features to compensate for some of the errors

caused by the chip gaps.

[0023] During printing and/or the calibration operation, the object 208 may
be moved in either or both of the directions denoted by the arrow 212 with respect
to the agent delivery device 202 and the scan bar 204. The object 208 may also
be moved in a direction or directions that are transverse to the directions denoted

by the arrow 212. In addition, orin other examples, the agent delivery device 202
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may be moved in either or both of the directions denoted by the arrow 212 with
respect to the scan bar 204 and the object 208 during a printing operation. The
agent delivery device 202 may also be moved in a direction or directions that are
transverse to the directions denoted by the arrow 212. In addition, or in further
examples, the scan bar 204 may be moved in either or both of the directions
denoted by the arrow 212 with respect to the scan bar 204 and the object 208
during a calibration operation. However, in some examples, the scan bar 204
may not be movable in either of the directions that are transverse to the directions
denoted by the arrow 212. Instead, the scan bar 204 may be fixed in the
directions that are transverse to the directions denoted by the arrow 212. The
scan bar 204 may also, in some examples, be fixed with respect to the directions

denoted by the arrow 212.

[0024] In other examples, the scan bar 204 may not be integrated with the
printing system 200. For instance, the scan bar 204 may be part of another
device, such as a scanning device. In these examples, the agent delivery device
202 may be implemented to print the agent 206 into a test pattern of targets, e.g.,
a print calibration page, and a user may manually move the printed page to a

device including the scan bar 204.

[0025] Turning now to FIG. 2B, there is shown a bottom view of the scan
bar 204 depicted in FIG. 2A. Although not shown, the scan bar 204 may include
additional components including a supporting structure, light shielding, a light
source, lenses, etc., which have been omitted from the figure for purposes of
clarity. According to examples, the scan bar 204 may be a stationary contact
image sensor scan bar and may extend the width of the object 208 onto which the
agent 206 may be deposited. In other words, the scan bar 204 may be a page
wide scan bar. In addition, the scan bar 204 may include a first sensor chip 220
and a second sensor chip 222 that may be aligned with each other along a

direction that is parallel to the width of the object 208.

[0026] A chip gap 224 may exist between the first sensor chip 220 and the
second sensor chip 222 due to physical footprints of the first sensor chip 220 and

the second sensor chip 222 as well as manufacturing tolerances. In one regard,
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the scan bar 204 may be relatively less expensive than movable scan bars, scan
bars that employ charge-coupled devices, and/or scan bars having sensor chips
that are in offset positions with respect to each other such that chip gaps do not
exist between the sensor chips. Additionally, the scan bar 204 may be relatively
less expensive and relatively easier to manufacture than scan bars having a

single sensor chip that extends the length of the scan bar 204.

[0027] The first sensor chip 220 and the second sensor chip 222, which
may also be called a first sensor die 220 and a second sensor die 222, may each
include an array of light-sensitive elements 226. Each of the light-sensitive
elements 226 may be considered as a pixel, which may also refer to a
corresponding area of an original object 208 that is imaged onto that portion, or
the digital value corresponding to a location in a digital image. It should be
understood that the sensor bar 204 has been depicted with two sensor chips 220,
222 and that the sensor chips 220, 222 have each been depicted with a relatively
small number of light-sensitive elements 226 for clarity of illustration. In other
examples, the sensor bar 204 may include any number of sensor chips 220, 222,
e.g., 10 or more sensor chips, with each of the sensor chips 220, 222 having any
number of light-sensitive elements 226, e.g., hundreds, thousands, or millions of
individual light-sensitive elements 226. The number of light-sensitive elements
226, e.qg., pixels, per linear unit of sensor defines the scan bar’s spatial sampling
rate, which is also often called the scan bar’s resolution. The scan bar may have
aresolution of 300, 600, 1200, or 2400 pixels per inch, although other resolutions

are possible.

[0028] The sensor chips 220, 222 may be placed on a circuit board 228,
although the sensor chips 220, 222 may also be placed on separate circuit
boards. In any regard, the positional accuracy of the light-sensitive elements 226
as well as the sensor chips 220, 222 may be determined by the placements of the
light-sensitive elements 226 on the circuit board 228. For instance, each of the
sensor chips 220, 222 may be displaced from their respective ideal positions due
to manufacturing tolerances, which may result in the chip gap 224 varying from

one scan bar 204 to another scan bar 204.
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[0029] The chip gap 224 may impact an image captured with the scan bar
204 as discussed with respect to FIG. 3, which shows a first row 300 and a
second row 302 of targets 304. The first row 300 of targets 304 may depict an
ideal condition in which there is no impact on a scanned image of the targets 304
caused by a chip gap 224. The second row 302 of targets 304 may depict an

impact on a scanned image of the targets 304 caused by a chip gap 224.

[0030] The targets 304 may be elements of a pattern that the agent
delivery device 202 may have printed to be implemented in a calibration
operation. A first print die 306 may have printed the targets 304 on the left half of
FIG. 3 and a second print die 308 may have printed the targets 304 on the right
half of FIG. 3. In addition or in other examples, another printing system may have
printed the targets 304 in the first row 300 on a test sheet, in which the targets 304
in the first row 300 are accurately positioned at intended locations on the test
sheet. In any regard, although the targets 304 have been depicted as having
diamond shapes, the targets 304 may have any shape, such as, circles, squares,
rectangles, triangles, etc. Particularly, for instance, the targets 304 may have any
shape for which a centroid, e.q., a center of mass, of the shape may be

determined from images of the targets 304 captured by the scan bar 204.

[0031] Generally speaking, when the scan bar 204 is used to capture an
image of the targets 304 from an object 208, e.g., a test sheet, the chip gap 224
may result in data being missed at the location of the chip gap 224. Thus, a
scanned image of the targets 304 may result in the centroid of a target 310 being
shifted by an amount equivalent to the missing data caused by the chip gap 224.
That is, the chip gap 224 may result in a gap in data representing the scanned
image and thus, when images captured by respective sensor chips 220, 222 are
stitched together, the gaps in the data may result in features in the images
appearing closer together than the features actually are in the original object 208.
This missing data and the resulting shift is denoted by the dashed line 312. As a
portion of the target 310 is missing from the scanned image, the target 310 is
relatively smaller than the other targets 304 and thus, the centroid of the target
301 is shifted, for instance, to the left in FIG. 3. In addition, the other targets 314
and 316 to the right of the target 310 may also have shifted to the left by the
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amount of the missing data. As a result, the chip gap 224 may cause the distance
between the centroid of the target 310 and a neighboring target 318 to be smaller

than the distance between the centroids of the targets 304 in the first row 300.

[0032] In some instances, the chip gap 224 may overlap with boundary
regions of the print die 306, 308 as shown in FIG. 3. The boundary regions of the
print die 306, 308 may be the regions shown in FIG. 3 between the print die 306,
308. The missing data caused by the chip gap 224 may result in an invalidation of
an alignment measurement between the print die 306, 308 due to the physical
chip gap 224. As discussed herein, the apparatus 100 may implement operations
to mitigate the impact of the chip gap 224 on the alignment measurement of the
print die 306, 308.

[0033] Various manners in which the apparatus 100 and the printing
system 200 may be implemented are discussed in greater detail with respect to
the methods 400-600 depicted in FIGS. 4-6. Particularly, FIGS. 4 and 5,
respectively, depict example methods 400, 500 for compensating for an
estimated positional shift in a target centroid. In addition, FIG. 6 shows a flow
diagram of an example method for determining a chip gap size through
measurements of distances between targets in a test sample. It should be
apparent to those of ordinary skill in the art that the methods 400-600 may
represent a generalized illustration and that other operations may be added or
existing operations may be removed, modified, or rearranged without departing

from the scopes of the methods 400-600.

[0034] The descriptions of the methods 400-600 are made with reference
to the apparatus 100, the printing system 200, and the test pattern illustrated in
FIGS. 1-3 for purposes of illustration. It should be understood that apparatuses
and printing systems having other configurations may be implemented to perform
the methods 400-600 without departing from the scopes of the methods 400-600.

[0035] At block 402, the processor 102 may execute the instructions 112 to
determine a size of a chip gap 224 between a first sensor chip 220 and a second

sensor chip 222. As discussed herein, the size of the chip gap 224 may be
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determined through a measurement of the distance between adjacent target

centroids in an image of a test pattern of targets.

[0036] At block 404, the processor 102 may execute the instructions 114 to
access a model that estimates an amount of positional shift of a target centroid.
In some examples, a plurality of models corresponding to different sets of
features may have been created and stored in a memory, such as memory 110.
Each of the models may have been created to predict the impact of a particular
chip gap size on positions of targets based upon the different sets of features.
For instance, a first model may have been created for a first chip gap location,
e.g., a location of the chip gap in a particular sensor bar 204, a first target type,
e.g., a square target, a first target size, and the like. In addition, a second model
may have been created for a second chip gap location, a first target type, a first
target size, etc. Additional models corresponding to different combinations of
features may also have been created and stored. Thus, in some examples the
processor 102 may access the model from the plurality of models that
corresponds to the features of the printing system 200 to be calibrated using the
type and size of targets. In some examples, the model may be a linear model
(e.g., a first order function), a second order or higher polynomial function, or the
like.

[0037] In other examples, the processor 102 may access the model by
generating the model. Particularly, the processor 102 may generate a model that
estimates a positional shift of a target centroid, e.g., a center of mass of a target,
in a captured image due to an impact of a chip gap 224 between sensor chips
220, 222 in a scan bar 204 that captured the image As noted herein, the target
304, which may also be referenced as a calibration target, may be a printed
element having a particular shape and may be part of a pattern of targets (FG. 3)
that may be used to calibrate, for instance, print bar to print bar positions, print die
to print die positions, etc., in an agent delivery device 202. Various manners in
which the model or models may be generated are discussed in greater detail

herein.
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[0038] At block 406, the processor 102 may access an image of a pattern
of calibration targets captured with the sensor chips 220, 222 of the scan bar 204.
As noted above, the accessed image may be impacted by the chip gap 224
between the sensor chips 220, 222 in the scan bar 204. That is, data may be
missing from a portion of an image captured by the sensor chips 220, 222 and
thus, when the captured image is generated, e.g., stitched together, the missing
data may result in features such as the calibration target centroid being shifted by
a distance that is equivalent to the missing data. As a result, the exact locations
of the calibration targets in an original object 208 may not be determined from the

accessed image of the calibration targets.

[0039] At block 408, the processor 102 may execute the instructions 116 to
apply the determined chip gap size and the accessed model on the accessed
image to compensate for an estimated positional shift caused by the chip gap 224
in a centroid of the calibration target 304 in the pattern of calibration targets. As
noted above, the accessed model may correspond to a particular chip gap size.
In this regard, the processor 102 may use the determined chip gap size to scale
the accessed model to more accurately correspond to the sensor bar 204 used to
capture the accessed image. In some examples in which the accessed model
corresponds to the chip gap size between the first and second sensor chips 220,
222, the access model may be applied without being scaled using the determined
chip gap size. In other examples, the determined chip gap size may still be used

to scale the accessed model, but the scaling may be one to one.

[0040] In addition, compensation of the estimated positional shift in the
calibration target 304 centroid may be performed to cause a location of the
calibration target centroid in the accessed image to more accurately correspond
to an actual location of the calibration target centroid on an object 208 from which
the accessed image of the pattern of calibration targets was captured. As
discussed herein, by accurately positioning the calibration target centroid in the
captured image, the locations of the calibration targets may be used to more

accurately calibrate the printheads, print die, etc.
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[0041] Turning now to FIG. 5, there is shown a flow diagram of another
example method 500 for compensating for an estimated positional shift in a target
centroid. At block 502, the processor 102 may execute the instructions 112
determine a chip gap size between a first sensor chip 220 and a second sensor
chip 222. FIG. 6 depicts an example implementation in which the processor 102
may determine the chip gap size through measurements of distances between
targets in a test sample. As shown in FIG. 6, the processor 102 may control the
scan bar 204 to capture an image of a portion of a test sample having a pattern of
targets that are spaced apart from each other at a known distance with respect to
each other. Forinstance, the targets may be arranged in a two-dimensional array
on the test sample such that targets are aligned along the scanning direction and
along the subscanning direction. Thus, the targets in each subscanning row in
the pattern of targets may be spaced at a predefined distance with respect to

each other such that the targets are spaced evenly across the subscanning row.

[0042] In any regard, the test sample, which may be a pre-printed sheet
upon which the pattern of targets has been printed at known distances with
respect to each other, may be placed in a position to be scanned by the scan bar
204. In some examples, the location of the chip gap 224 may be known and the
targets may be printed on the test sample such that the targets do not overlap that
location. In addition, the processor 102 may activate the scan bar 204 to capture
an image of the test sample, for instance, as the test sample and/or the scan bar
204 are scanned in a scanning direction 212. As discussed herein, the scan bar
204 may not be moved in the subscanning direction, e.g., to simplify the scan bar
204 and thus reduce costs associated with using the scan bar 204. Instead, the
scan bar 204 may be a page wide scan bar and may thus extend the width of the

test sample.

[0043] The scanned image may include a plurality of rows of targets, e.q.,
each of the subscanned rows. At block 604, the processor 102 may determine
distances between the centroids, e.g., the centers of mass, of the targets in each
of multiple subscanned rows containing targets. The processor 102 may also
determine which of the distances corresponds to positions of the chip gap 224 in

the scanned image. As noted above with respect to FIG. 3, the chip gap 224 may
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impact the scanned image by causing portions of the scanned image to be shifted
due to missing data corresponding to the location of the chip gap 224. In this
regard, the processor 102 may determine which of the distances corresponds to
positions of the chip gap 224 by identifying which of the distances differs from,

e.g., is smaller than, the other distances between the targets.

[0044] At block 606, the processor 102 may calculate an average distance
value of the distances determined at block 604. That is, the processor 102 may
calculate an average distance value of the distances corresponding to positions
of the chip gap 224 in multiple subscanned rows of the scanned image. The
average distance value may be calculated because the scan bar 204 may be a
stationary contact image sensor scan bar, which may have a lower level of
accuracy as compared with other types of sensors, such as charge-coupled
device scan bars. For instance, data from the light-sensitive elements 226 of the
scan bar 204 may result in relatively more noise than other types of more
accurate sensor elements. As such, the subscanned rows of targets may not be
imaged identically and thus, there may be some variations in the positions of the
targets between the subscanned rows. By way of example, the scanned image
may depict the neighboring targets in one subscanned row as having a first
distance between them and the neighboring targets in a next subscanned row as

having a second distance between them.

[0045] At block 608, the processor 102 may determine the chip gap size to
be the calculated average distance. The processor 102 may also store the

generated model, for instance, in the memory 210.

[0046] In some implementations in which the scan bar 204 includes
multiple chip gaps 224 between multiple sensor chips, the test sample may be
created such that the targets do not overlap the locations of the chip gaps 224. In
addition, at block 604, the distances between target centroids of targets in
multiple scanned rows at locations corresponding to each of the chip gaps 224
may be determined. Moreover, the average distance values of each of the
determined distances may be calculated at block 606 and the model may be

generated to include the average distance values as the sizes of each of the
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respective chip gaps 224. In some examples, the test sample may be accurately
printed using a page wide array printing system in which the print die are offset
along an agent delivery device 202 such that the targets do not overlap known
positions of the chip gaps 224. In addition, the average measured chip gap size
may be used for all of the chip gaps 224, for instance, because most chip gaps in

the same batch of scan bars may be relatively consistent.

[0047] With reference back to FIG. 5, at block 504, the processor 102 may
execute the instructions 114 to access a model that estimates than amounts of
positional shift of a target centroid. In some examples, the processor 102 may
generate the model through implementation of a simulation. The simulation may
be performed using a geometrical model, a print simulation, real print samples, or
the like. That is, for instance, the processor 102 may perform a set of simulations
based upon the type, e.g., the shape, of the targets, the size of the targets, the
location of the chip gap, the width of the chip gap, etc., to determine the model

that predicts the impact of the chip gap on a captured image.

[0048] According to examples, a plurality of models may be generated, in
which each of the models may be generated through implementation of
simulations on different types of targets, different sizes of targets, different chip
gap locations, different chip gap widths, or the like, as discussed above.

[0049] With reference back to FIG. 5, at block 506, an image of a pattern of
calibration targets captured with a scan bar 204 may be accessed. An agent
delivery device 202 having print die with spaces between the print die may have
printed the pattern of calibration targets. The calibration targets may be printed in

aligned rows and columns as discussed above.

[0050] At block 508, the processor 102 may calculate the centroids of the
calibration targets in the accessed image. The processor 102 may calculate the
centroids through any suitable image processing techniques. In addition, at block
510, the processor 102 may determine whether any of the calibration targets is at
or adjacent to a chip gap 224 location. That is, the chip gap 224 location may
have been previously determined and stored, for instance, in the memory 210

and the processor 102 may determine the chip gap 224 location from the memory
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210. The processor 102 may additionally or in other examples, determine the
chip gap 224 location in the accessed image based upon a calculation of the
distances between the calibration targets. In any regard, in response to a
determination none of the calibration targets are at or are adjacent to a chip gap
224 location in the accessed image, the processor 102 may apply the determined
chip gap size on the accessed image to compensate for an estimated positional

shift caused by the chip gap 224 as indicated at block 512.

[0051] However, in response to a determination that the calibration target
is at or adjacent to a chip gap 224 location, the processor 102 may determine
whether the chip gap 224 location is inside of the calibration target at block 514.
In response to a determination that the chip gap 224 location is outside of the
calibration target, the processor 102 may apply the determined chip gap size as
indicated at block 512. That is, for instance, the processor 102 may apply a
compensation amount that is based upon measurements of distances between
targets in a test sample. However, in response to a determination that the chip
gap 224 location is within the calibration target, the processor 102 may apply the
model accessed at block 504 to compensate for the estimated positional shift of
the calibration target centroid as indicated at block 516. That is, for instance, the
processor 102 may apply a model that is based upon performance of a simulation
according to a type, a size, etc., of the targets in the image accessed at block 506.
In addition, in applying the model at block 516, the model may be scaled based

upon the chip gap size determined at block 502 as discussed herein.

[0052] Following either of blocks 512 and 516, the processor 102 may
calibrate the positions of the print die in the agent delivery device 202 using the
location of the calibration target centroid in the accessed image following
compensation of the calibration target centroid in the accessed image for the
estimated positional shift on the accessed image caused by the chip gap 224.
Through implementation of the compensated calibrated target centroid for the
compensation, the print die in the agent delivery device 202 may more accurately

be calibrated.

[0053] Some or all of the operations set forth in the methods 400-600 may
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be contained as utilities, programs, or subprograms, in any desired computer
accessible medium. In addition, some or all of the operations set forth in the
methods 400-600 may be embodied by computer programs, which may existin a
variety of forms both active and inactive. For example, they may exist as machine
readable instructions, including source code, object code, executable code or
other formats. Any of the above may be embodied on a non-transitory computer
readable storage medium. Examples of non-transitory computer readable
storage media include computer system RAM, ROM, EPROM, EEPROM, and
magnetic or optical disks or tapes. It is therefore to be understood that any
electronic device capable of executing the above-described functions may

perform those functions enumerated above.

[0054] Although described specifically throughout the entirety of the instant
disclosure, representative examples of the present disclosure have utility over a
wide range of applications, and the above discussion is not intended and should
not be construed to be limiting, but is offered as an illustrative discussion of

aspects of the disclosure.

[0055] What has been described and illustrated herein is an example of the
disclosure along with some of its variations. The terms, descriptions and figures
used herein are set forth by way of illustration only and are not meant as
limitations. Many variations are possible within the spirit and scope of the
disclosure, which is intended to be defined by the following claims -- and their
equivalents -- in which all terms are meant in their broadest reasonable sense

unless otherwise indicated.
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What is claimed is:

1. An apparatus comprising:
a processor; and
a memory on which is stored machine readable instructions that are to
cause the processor to:
determine a size of a chip gap between a first sensor chip and a
second sensor chip;
access a model that estimates an amount of positional shift of a
target centroid; and
apply the determined chip gap size and the accessed model on an
image captured using the first sensor chip and the second sensor chip to
compensate for an estimated positional shift in a centroid of a calibration
target in the captured image by causing a location of the calibration target
centroid in the captured image to more accurately correspond to an actual
location of the calibration target centroid on an object from which the

captured image was captured.

2. The apparatus according to claim 1, wherein to access the model, the
instructions are to cause the processor to select the model from a plurality of
models, wherein each of the plurality of models corresponds to a different set of
features including a location of a chip gap, a type of the target, and a size of the

target.

3. The apparatus according to claim 1, wherein the accessed model
corresponds to a particular chip gap size, and wherein to apply the determined
chip gap size and the accessed model, the instructions are further to cause the

processor to scale the accessed model using the determined chip gap size.

4, The apparatus according to claim 1, wherein to access the model, the
instructions are further to cause the processor to generate the model to predict an

impact of the chip gap on a measured target centroid.
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5. The apparatus according to claim 4, wherein the instructions are further to
cause the processor to generate the model using a simulation having as inputs, a

location of the chip gap, a geometric shape of the target, and a size of the target.

6. The apparatus according to claim 1, wherein the first sensor chip and the
second chip are aligned with respect to each other along a first direction, wherein
a test pattern has a plurality of calibration targets arranged in a constant spaced
relation with respect to each other along the first direction and the plurality of
calibration targets are arranged in aligned rows along a second direction that is
perpendicular to the first direction, and wherein to determine the size of the chip
gap, the instructions are further to cause the processor to:

determine, in a first subscanned row of the test pattern, a first distance
between centroids of neighboring calibration targets;

determine, in a second subscanned row of the test pattern, a second
distance between centroids of neighboring calibration targets;

compute an average distance of the first distance and second distance;
and

determine the size of the chip gap to be the computed average distance.

7. The apparatus according to claim 1, wherein the object includes a test
pattern having a plurality of calibration targets printed by a print bar having a
plurality of print die, and wherein the instructions are further to cause the
processor to:

calibrate positions of the plurality of print die using the location of the
calibration target centroid in the captured image following compensation of the
calibration target centroid in the captured image for the estimated positional shift

caused by the chip gap.

8. The apparatus according to claim 1, wherein the instructions are further to
cause the processor to:
determine whether the calibration target in in the captured image is near a

location in the captured image corresponding to a position of the chip gap;
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in response to a determination that the calibration target is near a location
in the captured image corresponding to a position of the chip gap, determine
whether the position corresponding to the chip gap is outside of the calibration
target;

in response to a determination that the position corresponding to the chip
gap is outside of the calibration target, compensate for the estimated positional
shift of the calibration target centroid using the determined chip gap size; and

in response to a determination that the position corresponding to the chip
gap is inside of the calibration target, compensate for the estimated positional

shift of the calibration target centroid using the accessed model.

9. A method comprising:

accessing, by a processor, a model that estimates a positional shift of a
target centroid in an image due to an impact of a chip gap between sensor chips
that were used to capture the image;

accessing, by the processor, an image of a pattern of calibration targets
captured with the sensor chips, the accessed image being impacted by the chip
gap between the sensor chips;

measuring, by the processor, a size of the chip gap from the accessed
image of the pattern of calibration targets; and

applying, by the processor, the accessed model and the measured chip
gap size on the accessed image to compensate for an estimated positional shift
caused by the chip gap in a centroid of the calibration target in the pattern of
calibration targets to cause a location of the calibration target centroid in the
accessed image to more accurately correspond to an actual location of the
calibration target centroid on an object from which the accessed image of the

pattern of calibration targets was captured.

10. The method according to claim 9, wherein the object includes a test
pattern having a plurality of targets printed by a print bar having a plurality of print
die, the method further comprising:

calibrating positions of the plurality of print die using the location of the
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calibration target centroid in the accessed image following compensation of the
calibration target centroid in the accessed image for the estimated positional shift

caused by the chip gap.

11. The method according to claim 9, wherein accessing the model further
comprises generating the model based upon a location of the chip gap, a type of

the target, and/or a size of the target.

12. The method according to claim 9, wherein accessing the model further
comprises generating the model using at least one of a simulation having as
inputs, a location of the chip gap in the scan bar, a geometric shape of the target,

and a size of the target.

13. The method according to claim 9, wherein accessing the model further
comprises generating the model using determined distances between a plurality
of targets in a test sample, wherein the plurality of targets are arranged in a

predefined configuration on the test sample.

14. A non-transitory computer readable medium on which is stored machine
readable instructions that when executed by a processor cause the processor to:

access a model that estimates an amount of positional shift of an element
centroid in a captured image caused by a chip gap between a first sensor chip
and a second sensor chip in a scan bar used to capture the image;

access an image including a calibration element captured with the scan
bar, the location of the calibration element centroid in the accessed image being
impacted by the chip gap between the sensor chips in the scan bar;

measure a size of the chip gap from the accessed image; and

compensate for an estimated positional shift of the calibration element
centroid caused by the chip gap through application of at least one of the
accessed model and the measured chip gap size to cause the location of the
calibration element centroid in the accessed image to more accurately

correspond to an actual location of the calibration element centroid on an object
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from which the accessed image was captured.

15.  The non-transitory computer readable medium according to claim 14,
wherein the object includes a test pattern having a plurality of calibration
elements printed by a print bar having a plurality of print die, and wherein the
instructions are further to cause the processor to:

calibrate positions of the plurality of print die using the location of the
calibration element centroid in the accessed image following compensation of the
calibration element centroid in the accessed image for the estimated positional

shift of the calibration element centroid caused by the chip gap.
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