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STREAK COMPENSATION

BACKGROUND
[0001]  Scanning devices may convert an image (e.g., text, photographs, elc.)
printed on a scanning medium (e.g., paper, transparencies, texiiles, etc.) into an
glecironic image suilable Tor storage, transmission, processing, and/or printing. In
a typical image scanner, light reflected from a printed image is Tocused through an
optics system onto arrays of photosensitive devices. The oplics system may focus
the light to scan one ling of the image ("the scanling”) at a fime to measure the
intensity of al least three bands of wavelengths of visible light (e.g., bands of red,
green, and blue). The entire image may be scanned by providing relative
movement between the photosensitive devices and the oniginal image.
Brier DESCRIPTION OF THE DRAWINGS

[00021  The following detailed descriplion references the drawings, whersin:
{0003}  FIG. 1 is a block diagram of an example scanning system consistent
with disclosed implementations;

(0004  FIG. 2 is a block diagram of an example scanning sysiem consistent

with disclosed implementations;

[00058] FIG. 3 is a flow chart of an example process for streak compensation

consistent with disclosed implementations;

[0006]  FIG. 4 is a flow chart of an example process for generating a second

calibration targst data set consistent with disclosed implementations;

[0007]  FIG. 5 is a flow chart of an example process for generating a second

calibration iarget dala set consistent with disclosed implementations;
[0008]  FIG. 6 is a flow chart of an example process for recalibrating a scanning
device using first and second calibration target data sets consisient with disclosed

implemeniations;

[00081  FIG. 7 is a fiow chart of an example process for sireak compensation

consistent with disclosed implementations; and



WO 2016/014015 PCT/US2014/047368

| £]

{00101 FIG. 8 is a flow chart of an example process for sireak compensation

consistent with disclosed implementations.

DeTaiED DESCRIPTION
(0011} The following detailed description refers to the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and the
foliowing description to refer (o the same or similar parts. While several examples
are described in this document, modifications, adapiations, and other
implementations are possible. Accordingly, the following detalled description does
not limit the disclosed examples. Instead, the proper scope of the disclosed

examples may be defined by the appended claims.

(00121  As detailed above, an image may be scanned by focusing light reflected
from the image through an oplics system. In some inslances, however, the
resuiting scanned electronic image may be degraded by the presence of artifacis
andfor defects on various scanner componenis, such as dust, fibers, blemishes,
fingerprinis, and the like. For exampie, even though a scanner may be assembled
in a clean-room environment using disciplined clean-room practices, particles from
the production environment {e.g., coiton fibers, paper dust, human hairs, eic.} may
stilt end up on or near the scanner oplics. These parlicles may resull in
undesirable streaking in the scanned electronic image and/or a printout of the

scanned image.

[0013]  Traditional methods may atternpt {o compensate for these arlifacts by
performing Photo-Response Non-Uniformity (PRNU) compensation using a while
calibration target. However, this traditional method may not compensate for
streaks caused by contamination on the scanner lens. For example, when PRNU
compensation is performed using a white calibration target, the light refiected from
the surface of the while calibration target may be much stronger than the light
reflected from the contaminants. Signals generated by the weaker light reflected
from the contaminanis may not be approprialely measurable. Accordingly, o help
achieve oplimal scan guality, a scanning device should compensate for streaks in
an image caused by artifacts, defects, and the like caused by contamination on

the scanner lens.
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[0014]  Examples disclosed herein may provide streak compensation. To this
end, example implementations disclosed herein may provide sireak compensation
by generating a first calibration farget data sel based on a scan of a first calibration
target and generaling a second calibration farget data sel based on a scan of a
second calibration target.  In some examples, the scan of the second calibration
target may be performed by a scanning device calibrated based on the first
calibration target data sel, and may represent streaks detected in an image of the
second calibration targst generated during the second calibration farget scan.
Additionally, some example implementations may compensale for streaks by
recalibrating the scanning device using the first calibration target data set and the

second calibration target data sel.

[0015]  Referring now to the drawings, FIG. 1 is a block diagram of an example
scanning system 100 consistent with disclosed implementations.  Scanning
system 100 may be implemented in various ways. For exampie, scanning system
100 may be a scanning device {e.g., a contact image sensor scanner), a printer, a
compuling systern, and/or any other type of system or device that can convert an
image printed on a scanning medium into an electronic image.  In the example
shown in FIG. 1, scanning system 100 may include a first calibration target 110, a
second calibration target 120, a light source 130, a pholosensor assembly 140, a
processing resource 1580, an interface 160, and a machine-readable storage

medium 170.

[0016]  First calibration target 110 may be any type of target suitable to calibrate
a scanning device. For example, first calibration target 110 may be a target
suitable for compensating for variation in individual photosensor sensitivity and for
varigtion in light intensity along the length of the scanline. In some
implementations, first calibration target 110 may be a fixed-position target provided
along a scanline dimension of the scanning device, may be any suitable size,
shape, or color, may be provided at any suitable location, and may be formed of
any suitable material. For example, first calibration farget 110 may be a white
and/or light colored strip {e.g. a plastic strip) embedded undemeath a scanning
device platen. As ancther example, first calibration target 110 may be a white

and/or light-colored piece of paper placed on, near, or under the scanning device
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platen. While FIG. 1 shows first calibration targst 110 as part of system 100, first

calibration farget 110 may be exiernal to system 100.

[0017]  Second calibration farget 120 may be any type of target suitable o
calibrate a scanning device. For example, second calibration target 120, like first
calibration farget 110, may be a larget suitable for compensaling for variation in
individual photosensor sensitivity and for variation in light intensity along the length
of the scanline. In some implemeniations, second calibration target 120 may be &
fixed-position farget provided along a scanline dimension of the scanning device,
may be any suitable size, shape, or color, may be provided at any suilable
location, and may be formed of any suitable material.  For example, second
calibration farget 120 may be a gray, black, and/or dark colored strip embedded
undermneath the platen of the scanning device. As another example, second
calibration farget 120 may be a gray, black, and/or dark colored plece of paper
placed on, near, or under the print platen. In some implementations, second
calibration target 120 and first calibration target 110 may have different sizes,
shapes, and colors, may be made of different materials, and may be placed at
different locations. For example, the first calibration target 110 may have a lighter
color than the second calibration target 120, the second calibration target 120 may
have a lighter color than the first calibration farget 110, and the like. As another
exarmple, firsi calibration target 110 and second calibration farget 120 may be
formed together. While FIG. 1 shows second calibration target 120 as part of

system 100, second calibration target 120 may be exdernal to systemn 100.

(00181  Light source 130 may be any light source that Hluminates a prinied
image. For example, light socurce 130 may be a light emitling dicde (LED), cold
cathode flucrescent lamp (CCFL), and/or any other suitable type of light source.
in some implementations, light source 130 may be capable of producing varying
fight s0 that a scanning device may capture atl least one image of first calibration
target 110 and/or second calibration target 120. Light source 130 may be a stand-
alone component or collection of components, and may function o #luminate first
calibration target 110 and/or second calibration target 120 such that light scatlered

from targets 110 and/or 120 c¢an be focused onto photosensor assembly 140.
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{00181  Photosensor assembly 140 may be any sensor assembly capable of
sensing light andfor other electromagnetic energy.  In some implementations,
photosensor assembly 140 may include at least one ling-array of pholosensors.
For example, pholosensor assembly may include an array of 12 o 15 sensors
{e.g., charge-coupled device {(CCD) sensors, complementary metal-oxide
semiconductor (CMOS) sensors, CCDMOS sensors, and/or the like) that cover an
entire page width of the printed image. In some examples, light scatlered from
scaniines on a swrface of a printed image may be focused through an optical
system {e.g. a rod lens) (not shown in FIG. 1) onto pholosensor assembly 140.
Photosensor assembly 140 may collect a charge from the light and convert the

charge into al lsast one pixel value.

(00207  Processing rescurce 150 may be al least one processing unit {CRPLUY,
rnicroprocessing resource, and/or another hardware device to execule instructions
to perform operations. For example, processing resource 150 may Telch, decode,
and execute calibration instructions 180 {e.q., instructions 182, 184, and/or 186)
stored in machine-readable storage medium 170 to perform operations related o

disciosed examples.

(00217  Interface device 160 may be any device that facilitates the transfer of
information between scanning system 100 and external components, such as a
scanning device, a deskiop computar, a laptop computer, a iablet computing
device, a mobile phone, a server, and/or any other suitable type of device. In
some examples, inferface device 160 may include a network interface device that
allows scanning system 100 to receive and send data to and from a network., For
example, interface device 160 may refrieve and process data relaled o calculated

final gains and offsels from a computing system remois to system 100

{00221 Machine-readable storage medium 170 may be any slecironic,
magnstic, optical, or other physical siorage device thal storss executabls
instructions. Thus, machine-readable storage medium 170 may be, for example,
Random Access Memory (RAM), Electricaliy-Erasable Programmable Read-Only
Memory (EEPROM), a storage drive, an optical disg, and the lke. In some

implementations, machine-readable siorage medium 170 may be a non-transitory
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computer-readable storage medium, where the term “non-transitory” does not
encompass transitory propagating signals.  Machine-readable storage medium
170 may be encoded with instructions that, when executed by processing
resource 150, perform operations consistent with disclosed implementations. For
example, machinereadable storage medium 170 may include calibration
instructions 180 that, when execuled by processing resource 150, perform
operations thal may compensate for sireaks in a scannaed image. In the example
shown in FIG. 1, machine-readable storage medium 170 may include first
calipration farget instructions 182, second calibration larget instructions 184,

and/or streak compensation insiructions 188,

(0023}  First calibration target instructions 182 may function t© generate a first
calibration target data sel. For example, when first calibration target instructions
182 are executsd by a processing resource, such as processing resource 150 of
system 100, first calibration fargel instructions 182 may cause processing
rescurce 180 and/or another processing resource to scan a first calibration target,
such as first calibration target 110, In some implementations, the first calibration
farget may be scanned by performing a dark scan of the targel at g first
Humination level, a gray scan of the first calibration {arget at a second illumination
level brighler than the first flumination level, and a white scan of the first
calibration target at a third lllumination level brighter than the second illumination
tevel. The first illumination level, the second illumination level, and the third
flumnination level may be generated, at least in part, by light source 120. For
example, 10 generale the first llumination level, light source 120 may not emit any
light, 1o generate the second Hlumination level, light source 120 may be set at one
quarier of the maximum Hlumination level, and 1o generate the third Hlumination
level, light source 120 may be set at the light source’'s maximum illumination level
Furthermore, in some implementations, sach pixel value and sach pixel location of
images generated during the dark, gray, and white scans may be delermined, and
appropriate initial gains and offsets may be calculated based on the dark, gray,
and/or white scans. in some implementations, these initial gains and coffsets may
be stored as the first calibration fargst data set.  For example, in some

implemeniations, the first calibration target data set may correspond o Photo-
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Response Non-Uniformity (PRNU) calibration data. PRNU may be considered to
be a measurs of the oulput of sach pholosensor compared o the expedcied
voltage for a particular calibration target (... the first calibration target) and/or

light source {e.g., light source 130).

(0024}  Second calibration target instructions 184 may function fo generale a
second calibration farget data set. For example, when second calibration target
instructions 184 are exsculed by a processing resource, such as processing
resource 150 of scanning system 100, second calibration target instructions 184
may cause processing resource 150 o scan a second calibration target, such as
second calibration target 120, using a scanning device calibrated with the first
calibration target data sel. In some implemeniations, the second calibration target
data sel may represent sireaks detecled in an image of the second calibration
target. For example, when second calibration instructions 184 are executed by
processing resource 150, second calibration farget instructions 184 may cause
processing resource 150 to perform dark andfor gray scans of the second
calibration targel, determing sireak positions of streaks in the image(s) obtained
during the scan(s), and determine pixel valugs associated with the detecled
streaks. Lxamples of these processes are described in further detall below with

respedct {0, for example, FIGs. 2-5, 7, and 8.

{00251  Stresk compensation instructions 185 may funclion fo calibrate a
scanning device. For example, when streak compensation instructions 186 are
executed by a processing resource, such as processing resource 150 of scanning
system 100, streak compensation instruclions 186 may cause processing
resource 150 and/or ancther processing resource to determine position values
and detected streak values in a second calibration target data set, determine pixel
values in the first calibration target dala set corresponding with the determined
sgcond calibration target data set position values, and add the determined first
calibration target data set pixel values o the determined second calibration {arget
data sel detecied streak values. Examples of these processes are described in

further detail below with respect to, for example, FiGs. 2, 3 and 8-8.
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[0026] The arangement illustrated in FIG. 1 is simply an example, and
scanning system 100 may be implemented in a number of different configuralions.
For example, while FIG. 1 shows one first calibration larget 110, second
calibration target 120, light source 130, photosensor assembly 140, processing
resource 150, interface 160, and machine-readable storage medium 170,
scanning system 100 may include any number of components 110, 120, 130, 140,
150, 160, and/or 170 as well as other componenis not depicied in FIG. 1. For
example, scanning system 100 may omit any of components 110, 120, 130, 140,
150, 160, and 170, combing any of components 110, 120, 130, 140, 150, 160, and
170, andior exclude at least one of componenis 110, 120, 130, 140, 150, 160, and
170 such that the at least one of componenis are external fo system 100, For
example, first calibration target 110 and second calibration target 120 may be
formed together, such as by printing the {argets on the same sheet of paper. As
another example, as discussed above, calibration targets 110 and/or 120 may be
external to system 100. As yel another example, machine-readable storage
medium 170 may be part of a separate sysiem external {0 scanning sysiem 100,
As another example, while FIG. 1 shows that each of components 130, 140, 150,
160, and 170 are communicatively connected, at least one of components, 130,
140, 150, 160, and 170 may or may not be communicatively connected o each
cther, other componenis of scanning system 100, or © exiernal components.
Simndlarly, components not shown as being communicatively connected may be

communicatively connecied in other implementations.

[00277  FIG. 2is a block diagram of an exampie scanning system 200
consistent with disclosed implementations. In certain aspects, scanning system
200 may correspond o scanning system 100 of FIG. 1. Scanning system 200
may be implementad In various ways. For example, scanning system 200 may
include at least one a scanning device, special purpose computer, server,
mainframe compuier, computing device executing instructions that receive and
process information and provids responses, and/or any other component or
colleciion of components. In the example shown in FIG. 2, scanning system 200
may include an interface device 210, a first calibration target engine 220, a second

calibration targst engine 230, and a streak compensation engine 240.
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[0028] Interface device 210 may be any device that facilitates the transfer of
information between scanning systemn 200 and external components. In some
examples, interface device 210 may include a network interface device that allows
scanning system 200 io receive and send daia to and from a network., For
example, interface device 210 may relrieve and process data related 1o scanning

a printed image from a device exiemnal to scanning system 200.

[0028]  Engines 220, 230, and 240 may be electronic circuiiry for implementing
functionality consistent with disclosed examples. For example, engines 220, 230,
and 240 may represent combinations of hardware devices and programming 1o
implement funclionaiity consistent with disclosed implementations. For example,
the programming for the engines may be processor-executable instructions stored
on a non-transitory machine-readable storage medium and the hardware for the
engines may include a processing resource {0 execute those instructions.  In
some examples, the functionality of engines 220, 230, and 240 may correspond to
operations performed by scanning system 106 of FIG. 1, such as operations
performed when calibration instructions 180 are exscuted by processing resource
150, In FIG. 2, first calibration target engine 220 may represent a combination of
hardware and programming that performs operations similar to those performed
when processing resource 150 executes first calibration target instructions 182.
Sirnilarly, second calibration target enging 230 may represent a combination of
hardware and programming that performs operations similar o those performed
when processing resource 150 executes second calibration farget instructions
184, and streak compensation engine 240 may represent a combination of
hardware and programming that performs operations similar to those performed

when processing resource 150 exgcutes streak compensation instructions 186,

[0030F FIG. 3 s a flow chart of an example process 300 for sireak
compensation consistent with disclosed implementations.  Although execution of
process 300 is described below with reference 1o scanning sysiem 100 of FIG. 1
and/or specific components of scanning system 100, other suitable systems and
devices for execution of at least one step of process 300 may be used. For
example, processes described below as being performed by scanning system 106

may be performed by scanning systemn 200 and/or any other suilable device or
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systemn. Process 300 may be implemented in the form of executable instructions
stored on a storage device, such as a machine-readable storage medium, and/or

in the form of elecironic circuifry.

(00311 Process 300 may start {step 3305) before a printed image is scanned.
For exampie, process 300 may start when scanning sysiem 100 receives or
otherwise acoesses instructions o scan a printed image. Once scanning system
100 receives or otherwise accesses the instructions, scanning system 100 may

generate a first calibration farget data set o calibrate a scanning device (5310}

[0032] As discussed above, in some implementations, the first calibration
target data set may comespond o PRNU calibration data.  Thus, in some
implementations, system 100 may compensale, before scanning, for variation in
intensity of individual pholosensors in photosansor assembly 140 and for variation
in light intensity by performing PRNU compensation. For example, light may be
scattered from first calibration target 110 onto photosensor assembly 140, and the
resulting vollage from sach photosensor may be measured. For example, a
scanning device may perform a dark scan of first calibration farget 110 at a first
Humination level, a gray scan of first calibration targst 110 at 2 second Hlumination
level brighter than the first Hlumination level, and a white scan of first calibration
targetl 110 at a third Hlumination level brighter than the second llumination level.
These scans may generate a plurality of images of the first calibration farget at
different Hlumination levels (e.g., a dark first calibration target image, a gray first
calibration targel image, and a while first calibration target image). In some
implemeniations, systern 100 may aiso analyze dala relating to these scans to
determine gains and offsels for each photosensor in photosensor array 140, For
example, system 100 may determine each pixal value and pixel location of the
dark first calibration target image, the gray first calibration target image, and the
white first calibration target image to determine the appropriate initial gains and
offsets. These initial gains and offsels may be used to calibrate the scanning
device. For example, the scanning device may be calibrated such that each pixel
value of @ scanned image of the first calibration target would be at or near a target
pixel valus. Examples of generating a first calibration target data set are

described in greater detail below with respect {o, for example, FiGs. 7 and 8.
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[0033] Process 300 may also include generating a second calibration target
data sel (slep $320). In some implementations, the second calibration target data
set may be generated by a scanning device that has been calibrated using the first
calibration target data sel. For example, the second calibration target data set
may be generated by a scanning device that is aclively using PRNU
compensation.  In some implementations, system 100 may scan a second
calibration targel 1o generaie the second calibration target data set. For example,
systemn 100 may perform a dark scan of the second calibration target, calculate
dark column pixel values, calculale a dark narrow window average and a dark
wide window average, and/or determine a dark difference value helween the dark
narrow window average and the dark wide window average. Additionally, in some
examples, system 100 may also determine whether the dark difference value
exceeds a dark threshold and, i 80, may calculate a dark detected streak valus.
Sirnilarly, in some examples, system 100 may perform a gray scan of the second
calibration target, calculate gray column pixel values, calculale a gray narrow
window average and a gray wide window average, determine a gray difference
value between the gray namrow window average and the gray wide window
average, and, if the difference excesds a gray threshold, caiculale a gray detecied
streak value. Examples of generating a second calibration targst data set are

discussad in further detaill below with respect lo, for example, FiGs. 4, 5,7, and 8.

{00341  Process 300 may also include compensating for streaks by recalibrating
the scanning device using the first and second calibration target dala sels {step
S330). I some implementations, system 100 may recalibrate the scanning
device using a first portion of the first calibration target data set and a combination
of a second portion of the first calibration target data set and the second
calibration target data sel. For example, for each delecled streak in the second
calibration target data set, system 100 may determine the position of the sireak
and the associated detected streak valug in the second calibration larget daia set.
System 100 may also determine the pixel values of the first calibration target data
set that have the sams posilion as the streaks in the second data set and, for each
position, may add these pixels values o the detected streak values. Examples of

steps involved with recalibrating the scanning device using the first and second
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calibration arget data sels are discussed in further detail below with respect {o, for

example, FiGs. 7, 8, and &.

[0035]  After the first calibration target dala sel is generated (step 5310), the
second calibration target data set is generated (step $8320), and the scanning

device is recalibrated (step 5330}, process 300 may end (step S345).

[0036] FIG. 4 is a flow charl of an example process 400 for generating a
second calibration target data set consistent with disclosed implementations.
Although execution of process 400 is described below with reference o scanning
system 100 of FIG. 1 and/or specific components of scanning system 100, other
suifable systems and devices for execution of at least ong step of process 400
may be used. For example, processes described below as being periormed by
scanning systerm 100 may be performed by scanning system 200 and/or any other
sultable device or system. Process 400 may be implemenied in the form of
exscutable instructions stored on a storage device, such as a machine-readable

storage medium, and/or in the form of electronic cirouitry.

(00371 Process 400 may begin {(slep 5405) afler PRNU compensation has
been performed. For example, a scanning device may be calibrated with an initial
set of gains and offsels using PRNU compensation data, such as the firsi
calibration targel data described above. After the scanning device has been
calibrated, the scanning device may perform a scan of a second calibration targst
{step 410). For example, the scanning device may perform a dark scan of second
calibration target 120 at an illumination level to generale an elgcironic image of the
second calibration targst {e.g., dark second calibration image). In some
examples, the llumination level may be the same as the second illumination level
used to scan the first calibration targel. In some examples, the first Hllumination

fevel may correspond with an liumination level when light source 130 s turmed on.

[00381  Process 400 may also include caloulating dark column pixel values for
the dark second calibration image (step 5420). For example, in some
implementations, the dark second calibration targst image may include a set of
dark pixel columns, where each of the set of dark pixel columns may include a

dark column pixel value and a dark column position value. The dark column pixel
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values may correspond 1o the average of each pixel value in a pariicular column of
the dark second calibration image. For example, system 100 may scan a
particular number of rows and columns of the second calibration targel when
generating the dark second calibration image (2.g., a 1 mim scan may include 10
rows and 1000 columins). Each pixel in the dark second calibration image may
include a plurality of pixel values corresponding to various color channels {8.g., 2
red pixel value, a green pixel value, and a blue pixel value for RGB). For each
pixel in a particular column, at lsast one color channel value may be added
together and divided by the iolal number of rows in the image o oblain column
color channel values {e.g., each red value may be added logether and divided by
the total number of rows {0 obtain a red column color channel value, gach green
value may be added together than divided by the total number of rows 1o obiain a
green column color channel value, elc.). In some examples, various pixel values
{e.g., oulliers) may be discarded from the column color channe! value calculations.
The column color channel values may be averaged together fo oblain the dark
column pixel valug., Thus, in some exampies, calculating the dark column pixel
value may function to flatlen the original scan from the particular number of rows

o a single row.

(00397 Process 400 may also include calculating a dark narrow window
average at the colurmn of interest {step 5430). In some implementalions, process
400 may calculate the dark narrow window average by averaging the dark column
pixel values of a narrow window of columns adjacent to the column of interest.
For example, process 400 may calculate the dark narrow window average by
averaging the dark column pixel values of a first number of the set of dark pixel
columns.  For example, system 100 may analyze the flattened original scan,
starting with the first column {(e.g., column 1} and may move a parlicuiar number of
columns to the right {e.g., B columns) lo calculate the average of all of the dark
column pixel valuss of those particular columns in the narrow window. Thus, for
the first pixel, the dark narow window average may be an average of the dark
column pixel values of columns 1, 2, 3, 4, and 5. System 100 may then move ©
the next column and calculate the narrow window average for that particuiar

column. For example, for the second pixel, the dark narrow window average may
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be an average of the dark column pixel values of columns 2, 3, 4, 5, and 6. While
in this particular example there are 5 colurmns included in the narrow window, the

narrow window may be any suilable number of columns.

(00401  Process 400 may also include calculating a dark wide window average
at the column of interest {step 5440). In some implementatlions, process 400 may
calculate the dark wide window average by averaging the dark column pixel
values of a wide window of columns adjacent to the column of inferest.  For
example, system 100 may calculate a dark wide window average by averaging
dark column pixel values of a second number of the setl of dark pixsl columns, the
second number being larger than the first number. For example, sysiem 100 may
analyze the flattened original scan, starting with the first column {e.q., column 1)
and may move a particular number of columns to the right {e.g., 60 columns) to
calculate the average of all of the dark column pixel values of those particular
columns in the wide window. Thus, for the first pixel, the dark wide window
average may be an average of the dark column pixel values of columns 1 through
80, and for the second pixel, the dark wide window average may be an average of
the dark column pixel values of columns 2 through 61. While in this particular
example there are 60 columns included in the wide window, the wide window may
include any suitable number of columns. For example, the wide window may have
more columns than the narrow window and/or may be sufficiently large encugh to

span more than 50% of the largest streak.

[00417  Prooess 400 may also include, for each column of interest, delermining
the difference {&.q., a dark difference valug) between the dark narrow window
average and the dark wide window average (slep 35480 in some
implementations, if the difference exceeds a threshold, systermn 100 may calculate
a dark delected streak value by obtaining the difference between the dark column
pixel valug of a particular column and the dark wide window average. For
example, the narrow window average for column 1 may be sublracted from the
wide window average for colurmn 1, the narrow window average for column 2 may

be subtracted from the wide window average for column 2, and the like.
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{00421  Process 400 may also include determining if the dark difference value
exceeds a dark threshold value (step 5480). In some implementations, system
100 may determine if the dark difference value exceeds the dark threshold value
by comparing the dark difference value to the dark threshoid value. If the
difference does not excesad the dark threshold value (step S480; no), process 406
may end {step 5475). However, If the dark difference value excesds the dark
threshold value (step 5480; yes), process 400 may include delermining that a
sireak has been detected and/or caiculating a dark delected streak vaiue (step
5480). In some examples, system 100 may calculale a dark delecled streak
value by calculating the difference between the dark column pixel value for the
particular column of interest and the dark wide window average. In some
examples, process 400 may also include sioring the dark detected streak value
and the position of the column in a storage device, such as machine-readable
storage medium 180 (step S5480). In some examples, this dala may correspond to
the second calibration target data discussed above and thus the data may be
stored as a dark image enlry in the second calibration target data set. After the

data has been stored, process 400 may end (step 5475).

00431 FIG. § is a flow chart of an example process 500 for generating a
second calibration target data set consistent with disclosed implementalions.
Although exscution of process 500 is described below with reference o scanning
system 100 of FIG. 1 and/or specific components of scanning system 100, other
suilable systerns and devices for execution of at least one step of process 500
may be used. For example, processes described below as being performead by
scanning system 100 may be performed by scanning system 200 and/or any other
suitable device. Process 500 may be implemented in the form of executable
instructions slored on a slorage device, such as a machine-readable storage

medium, and/or in the form of elecironic circuitry.

{00441 In certain aspects, process 500 may correspond o process 400 of FIG.
4, and may include similar operations 1o those performed in process 400, In some
implementiations, process 500 may differ from process 400 in that the second
calibration target may be scanned using a different illumination level than the

Humination level used in process 400. For example, afier process 500 starts (step
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5505), system 100 may perform a gray scan of the second calibration target 120
at an ilumination level (step S510) to generale an electronic image of the second
calibration target {e.q., gray second calibration targel image) including a set of
gray pixel columns, with each of the gray pixel columns including a gray column
pixel value and a gray column position value. They gray column pixel valus may
represent an average value of a column of gray second calibration target image
pixels and the gray column position value may indicale a posilion of a column

respective 1o other columns of the gray second calibration farget image.

[0045]  In some examples, the second Blumination level may be brighter than
the first fllumination level used 1o scan the second calibration farget, the third
Humination level used to scan the first calibration targst, and/or light source 130
may be used o sel the second llumination level, In FIG. 5, step 5520 may
include operations similar o those performed in step 8420 of FIG. 4 (eg.,
calculate gray column pixel values using the gray second calibration farget image,
such as by modifying the set of gray pixel values corresponding o a particular
column o remove at least one outlier and/or averaging, for each of a plurality of
color channels, the modified set of gray pixel values), step 8530 may include
operations similar o those performed in step 5430 of FIG. 4 {e.g., calculaie a gray
narrow window average using the gray sscond calibration farget image by
averaging gray column pixel values of a first number of the set of gray pixel
columng), step $540 may include operations similar to those performed in step
5440 of FIG. 4 {(calculate gray wide window average using the gray second
calibration targel image by averaging gray column pixel values of a second
number of adjacent columns {e.g., a second number of columns adjacent o the
particular column of inferest), where the second number of columns is larger than
the first number of columns), step S550 may include operalions similar {o those
performed in step 8450 of FIG. 4 (determine a difference value (e.g., a gray
difference value) between the gray namrow window average and the gray wide
window average), step 8580 may include operations similar o thoss performed in
step 8480 of FIG. 4 (defermine if the difference value {(e.q., the gray difference
value) exceeds a gray threshold), step S570 may include operations similar o

those performed in step S470 of FIG. 4 {(8.q., end process if the difference value
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does not exceed the gray threshold), step 5580 may include operations similar 1o
those performed In step 5480 of FIG. 4 {e.g., calculale a gray detected streak
value if the difference value exceeds the gray threshold by obtaining the difference
between the gray column pixel value and the gray wide window average), and
step $S580 may include operations similar {0 those performed in step 8480 of FIG.
4 {e.g., store daia related {0 the gray second calibration targst image, such as the
gray column position value of the particular column and the gray detected sireak
value as a gray image enlry in the second calibration target data set). The gray
threshold may be the same as the dark threshold or may be a different value.
After at least one of steps 3510 through 3590 have been performed, process 500

may end {step S575).

{00467 FIG. 6 is a flow chart of an example process 600 for recalibrating a
scanning device using first and second calibration target data sels consistent with
disclosed implementations. Although execution of process 600 is described below
with reference to scanning system 100 of FIG. 1 and/or specific componenis of
scanning system 100, other suitable systems and devices for execution of al least
one step of process 800 may be used. For example, processes described below
as being performed by scanning system 100 may be performed by scanning
systern 200 and/or any other suitable device or system. Process 800 may be
implemented in the form of executable instructions stored on a storage device,
such as a maching-readable storage medium, and/or in the form of electronic

oircuitry.

(00471 Process 600 may start (step 5605) after the first andior second
calibration farget data sels are generated. In some examples, process 800 may
include determining position values and corresponding delected streak values of
the second calibration target data sel (step 5610). in some implementations,
system 100 may determing the position values and the detecied sireak values by
accessing the second calibration target data set. For exampls, system 100 may
refrieve the second calibration target data set from a slorage device, such as

machine-readable storage medium 170,
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{00481  Process 800 may also include determining pixel values in the first
calibration largel data set that correspond with the determined position values in
the second calibration target data set (step S620). In some implemeniations,
system 100 may determine pixel values in the first calibration target data set that
correspond with the determined position values in the second calibration set by
accessing the first calibration target data set {e.qg., by retrieving the first calibration
targetl data sel from a storage device, such as machine-readable storage medium
170} and comparing the position values in the second calibration target data set o
position values in the first calibration target data set. i the position values malch,
system 100 may determine the pixel vaiue(s) assoclated with the position maich.
For each posilion (and for gach scan type), these pixel value{s) in the first
calibration target data set may be added to the coresponding detected streak
values in the second calibration target data setl. In other words, the dark detected
streak values may be added fo corresponding dark pixel values o generate a dark
scan profite and gray pixel values may be added 10 gray detected streak values to
generate a gray scan profile. For example, if a sireak was detected in row 1
column 5 in a dark scan of the second calibration farget, the corresponding
detected sireak value Tor row 1, column 5 may be added to the dark scan pixel
value(s} for row 1, cclumn & in the first calibration target data set. Thus, in some
examples, the first calibralion dala set may be modified based on a first portion of
the first calibration target data set and a combination of the second calibration
target data set and a second portion of the first calibration target data set. This
modified first calibration target data set may be used to compensate for the
affected pixels by appropriale gains and offsets {e.q., final gains and offsels may
be calculated based on the dark scan profile and the gray scan profile). For
example, this modified data set may be used {0 achieve a particular pixel value for
each column of pixels. Afler the pixel values are added o the detecled shreak

values based on pixel position, process 600 may end (step S6458).

{00481 FIG. 7 s a flow chart of an example process 700 for streak
compensation consistent with disclosed implementations.  Although execution of
process 700 is described below with reference to scanning system 100 of FIG. 1

and/or specific components of scanning system 100, other suitable systems and
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devices for exscution of at least one step of process 700 may be used. For
example, processes described below as being performed by scanning system 100
may be performed by scanning system 200 and/or any other suilable device or
system. Process 700 may be implemented in the form of executable instruclions
stored on a siorage device, such as a machine-readable siorage medium, and/or

in the form of electronic circuitry.

{00501 Process 700 may begin {step S705) after a scanning device has been
given instructions to capture a printed image. After the instructions have besn
received, process 700 may include calibraling an initial gain from an oplical
glement (step S710). In some implementations, the inilial gain may be calibrated
based on a scan of a first calibration target. In some gxamples, the scan of the
first calibration target may be used to generale first calibration target data. For
example, the image generated during the scan of the first calibration target may be
analvzed to generate PRNU calibration data. For example, system 100 may
calibrate the initial gain by generating a first calibration target data set using a dark
scan of a first calibration targel, a gray scan of the first calibration target, andfor a
white scan of the first calibration target, as discussed above with respect fo, Tor
example, FIGE. 1-3.

[0051]  Process 700 may aiso include obtaining a second calibration target
image {(step 5720). For example, process 700 may include oblaining a second
calibration target image from an optical element {g.g., photosensor assembly 140}
using the calibrated inilial gain. For example, the second calibration target image
may be oblained after the scanning device including the optical element has been
calibrated using PRNU compensation.  in some implementations, the second
calibration target image may include a plurality of images of a second calibration
targel captured under varying Hghting conditions.  For example, images of the
sgcond calibration target may be caplured using a dark scan and/or a gray scan,

as discussed above with respect to, for example, FiGs. 1-5.

(00521 Process 700 may also incdlude deteciing at least one streak based on
the scan of the second calibration targst {step $730). For example, process 760

may include detecting reflected light from particles on the oplical element using the
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second calibration target. The reflected light from the particles may be detected
by detecling streaks in the image(s) generated during the scan of the second
calibration target. For example, in some implementations, systemn 100 may delect
at least ong streak in the image by determining the position of the streaks (g.g., a
first streak) in the image of the second calibration target and determining a
reflection strength associaled with the streaks {e.g., a reflecltion strength
associated with the first streak). Furthermore, in some implementations, process
700 may detect at least one streak in the image by determining whether difference
values belween narrow window averages and wide window averages in each
image exceed at least one threshold. Thus, in some implementations, process
700 may detect at least one streak in the image(s) using the processes described
above with respect to, for example, FiGs. 1-5. Additionally, in some
implementations, data representing the detected streak may be recorded and/or
otherwise stored in a slorage device (step S740). For example, the delected
sireak position and any corresponding pixel value(s) may be stored in a sforage

device, such as machine-readable storage medium 170 (step 5740).

[00583]  Process 700 may also include calibrating a final gain for the optical
glement based on the initial gain and the data representing the at least one
detecied streak (step 5750). For example, system 100 may calibrate the final gain
by determining, using the first calibration target data, a pixs! value associaied with
the position of each detecled sireak (e.g. the position of the first streak), modifying
the first calibration target data by adding the reflection strengih o the pixel value,
and using the modified first calibration farget dala to modify image data from the
optical element. In some implemeniations, the calibrated final gain for the optical
sglement may be performed based on the processes described above with respect
to, for example, FiGs. 1-3 and 8. After the final gain is calibrated (step 8750},

process 700 may end (step 5785)

{00541 FIG. 8 s a flow chart of an example process 800 for streak
compensation consistent with disclosed implementations.  Although execution of
process 800 is described below with reference to scanning system 100 of FIG. 1
and/or specific components of scanning system 100, other suitable systems and

devices for execution of at least one step of process 800 may be used. For
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example, processes described below as being performed by scanning system 100
may be performed by scanning system 200 and/or any other suitable device or
system. Process 800 may be implemented in the form of executable instruclions
stored on a siorage device, such as a machine-readable siorage medium, and/or

in the form of electronic circuitry.

[00557  Process 800 may begin (slep S805) after instructions o scan a printed
image have been received. Process 800 may include oblaining a first calibration
target data set using a first calibration target {step S810). For example, in soms
implementiations, system 100 may include instructions which, when execuled by a
processing resource {e.g., processing resource 150), obtain a first calibration
target data set using a processing resource. For example, system 100 may scan
a first calibration farget 10 oblain the first calibration larget dalz sel and/or may
receive or otherwise access information relating o a scan of a first calibration
target o obtain a first calibration target data sel. The first calibration farget data
sat may comrespond 1o the first calibration target data set described above with
respect to, for example, FIGs. 1-7.

(00561  Process 800 may also include oblaining a second calibration set using a
second calibration target (step 5820). For example, the second calibration {argst
data set may be oblained by systerm 100 {e.g., a scanning device that constituies
part of or the entirety of system 100) after the scanning device is initially calibrated
using the first calibration targst data sel.  In some implementations, the second
calibration target data sel may indicate al least one sireak in an image of the
second calibration target. For example, the second calibration farget data sel may
correspond 1o the second calibration target data set described above with respect

to, for example, FiGs, 1-7.

[0057]  Process 800 may also include modifving the first calibration target data
sel based on the second calibration larget dala set (step S830). For example,
detected sireak vaiues in the second calibration targetl dala set may be added o
pixel values in the first calibration target data set. In some implemeniations, the
detected streak values in the second calibration target data set may be added o

pixel values in the first calibration targel dala sel based on pixel location. For
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example, system 100 may add, based on pixel location, pixel values in the second
calibration target data set {o pixel values in the first calibration {arget dala sel.
Examples of modifying the first calibration larget data set based on the second
calibration target data set are discussed above with respedct to, for example, FiGs.
1-7.

[00587  Process 800 may include compensating, via the processor, for at least
one streak in the image using the modified first calibration target data set (step
5840). For example, process 800 may include compensating appropriate gains
and offsets using the modified first calibration target data sel. Examples of
compensating the appropriate gains and offsels are discussed above with respect

to, for example, FiGs, 1-7.

[0059]  After the first calibration largel data set is obtained (siep S810), the
second calibration targel data set is obtained (step 5820), the first calibration
target data set is modified (step 8830}, and/or the streak has been compensated

for (step S840}, process 800 may end (siep 5855},

(006017 The disclosed examples may include systems, devices, compuler-
readable siorage media, and methods for streak compensation. For purposes of
explanation, certain examples are described with reference 0 the componenis
flustrated in FiGs. 1 and 2. The functionality of the fllustrated components may
overiap, however, and may be present in a fewer or greater number of elements
and components. Further, all or part of the functionality of Hlustrated elements
may co-exist or be distributed among several geographically dispersed locations.
Moreover, the disclosed examples may be implemented in various environments

and are not limited to the illustrated examples.

[0081] Moreover, as used in the spacification and the appended claims, the
singular forms “a,” “an,” and “the” are intended o include the plural forms as well,
unless the context indicates otherwise.  Additionally, although the terms first,
second, efc. may be used hergin {o describe various elements, these slements
should not be limited by this terms. Instead, these terms are used to distinguish

one element from ancther.
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[0082]  Further, the sequence of operations described in gonnection with FiGs.
1-8 are examples and are not intended to be limiting. Additional or fewer
pperations or combinations of operations may be used or may vary without
departing from the scope of the disclosed examples. Thus, the present disclosure
merely sets forth possible examples of implementations, and many variations and
modifications may be made {o the described examples. All such modifications and
varigtions are inlended {0 be included within the scope of this disclosure and

protected by the following claims.
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CLams

We glaim:

1. A scanning system for streak compensation comprising:

a first calibration target engine o generale a first calibration target

data set based on a scan of a first ¢alibration target;

a second calibration target engine to generate a second calibration
target data set based on a scan of a second calibration

farget,

the scan of the second calibration target being performed
by a scanning device calibrataed based on the first

calibration target data set,

the second calibration target daia set representing streaks
detected in an image of the second calibration target
generaled during the second calibration targst scan;

and

a streak compensation engine {¢ compensate for streaks by
recalibrating the scanning device based on the first
calibration target data sef and the second calibration target

data set.

2. The scanning system of claim 1, wherein the streak compensation engine
recalibrates the scanning device based on a first portion of the first
catibration target data set and a combination of the second calibration

target data set and a second portion of the first calibration targst data sel.

3. The scanning system of ¢laim 1, wherein the first calibration targst is a white
calibration strip and the second calibration target is one of a black

calibration strip or a gray calibration strip.
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4. The scanning system of claim 1, wherein recalibrating the scanning device
using the first calibration target data set and the second calibration target

data set comprises:

delermining, based on the second calibration target data sel, a
first dark column position value and a corresponding firsi

dark detecied streak value;

determining, based on the first calibration target data sef, a first
dark pixel value corresponding o the first dark column

position value; and

adding the first dark pixel value to the first dark detected streak

value 1o gensrale a dark scan profile.

5. The scanning systemn of claim 4, wherein recalibrating the scanning device
using the first calibration target data set and the second calibration target

data set comprises:

determining, based on the second calibration target data set, a
first gray column position value and a corresponding first

gray detected streak valueg;

determining, based on the first calibration target data set, a first
gray pixel value corresponding to the first gray column

pasition vaiue,;

adding the first gray pixel value to the first gray delected sireak
value 1o generale a gray scan profile; and
calculating final gains and offsels based on the dark scan profile

and the gray scan profile.
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6. The scanning system of ¢laim 1, wherein generating the first calibration

target data sel based on the scan of the first calibration target comprises:

performing a dark scan of the first calibration target at a first
flumination level, the dark scan generating a dark first

calibration target image;

performing a gray scan of the first calibration target at a second
iHlumination level brighter than the first flumination level, the

gray scan generating a gray first calibration target image;

performing a white scan of the first calibration target at a third
fHflumination level brighter than the second illumination lsvel,
the while scan generating a white first calibration target

image; and

determining each pixel value and pixel Iocation of the dark first
calibration target image, the gray first calibration target

image, and the white first calibration farget image.

7. The scanning system of claim 8, wherein generating the second calibration
target data sel based on the scan of the second calibration target

comprises:

performing a dark scan of the second calibration targel to generale
a dark second calibration target image, the dark second
calibration target image including a set of dark pixel
columns, each of the set of dark pixel columns including a

dark column pixel value and a dark column position value;
for each column of the set of dark pixel columns:

calcuiating a dark narrow window average by averaging
dark column pixel values of a first number of the set

of pixel columns;
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calcuiating a dark wide window average by averaging dark
column pixel values of a second number of adjacent
columns of the set of dark pixel columns, the second

number being larger than the first number;

determining a dark difference value between the dark
narrow window average and the dark wide window

average; and
if the dark difference value sxceeds a dark threshold:

calculating a dark detected streak value by obtaining
the difference between the dark column pixsi
value of a particular column and the dark wide

window average; and

storing the dark column position value of the
particular column and the dark detecled
streak value as a dark image entry in the

second calibration target data setl.

8. The scanning system of claim 7, wherein scanning a second calibration

target {o generate a second calibration target data sel comprises:

performing a gray scan of the second calibration target to generate
a gray second calibration target image, the gray second
calibration target image including a set of gray pixel
columns, each of the set of gray pixel columns including a

gray colummn pixel value and a gray column position value;
for each column of the set of gray pixel columns:

calcuiating a gray narrow window average by averaging
gray column pixel values of a first number of the set

of gray pixel columns;
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calcuiating a gray wide window average by averaging gray
column pixel values of a second number of adjacent
columns of the set of gray pixel columns, the second
number of adjacent columns of the set of gray pixel
columns being larger than the first number of the set

of gray pixel columns;

determining a gray difference value between the gray
narrow window average and the gray wide window

average; and
if the gray difference exceeds a gray threshold:

calculating a gray detecied streak vaiue by oblaining
the difference between the gray column pixel

value and the gray wide window averags; and

storing the gray column position valug of the
particitlar column and the gray dstected
streak value as a gray image entry in the

second calibration target data set.

9. The scanning system of claim 8, comprising calculating the gray column pixel
values by:
modifying a set of gray pixel values corresponding o the particular
column, the set of gray pixel values being modified to

rermnove at least one outlier; and

averaging, for each of a plurality of color channels, the modified

set of gray pixel values:

13, The scanning system of claim 8, whersin:
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the first illumination laval, the second illumination level, and the
third Hlumination level are generated, atleastin part, by a

light source having a maximum illumination level;

o generate the first illumination level, the light source does not

emit any light;

to generate the second iHumination level, the light source is sef at

one quarter of the maximum Hlumination level; and

{0 generate the third illumination level, the light source is set at the

maximum Humination level

11, A non-transitory computer-readable storage medium encoded with
instructions that, when executed by a processor, perform a method for

streak compensation, the method comprising:

calibrating an initial gain for data from an optical element, the initial
gain being calibrated based on a scan of a first calibration

target;

obtaining an image of a second calibration {arget from the optical

element using the calibrated initial gain;

detecting at least one streak in the image of the second calibration

targel;
recording data representing the at least one detected streak; and

calibraling a final gain for the oplical elemant based on the initial
gain and the data representing the at ieast ong detected

streak.

12. The computer-readable storage medium of claim 11, wherein detecling the
al least one sitreak in the image of the second calibration target
comprises detecting reflectad light from particles on the optical element

using the second calibration target.
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13. The computer-readable storage medium of claim 12, wherein:

detecting the at least one streak in the image of the second

calibration target comprises:

determining a position of a first sireak in the image of the

second calibration target; and

determining a reflection strength associated with the first

streak; and
calibrating the final gain comprises:
determining, based on gain data representing the initial
gain, a pixel value associated with the position of the

first sireak;

modifying the gain data by adding the reflection strengih to

the pixel value; and

using the modified gain data to modify image daia from the

optical element.

14, A computer-implemented method for streak compensation comprising:

obtaining, via a processor, a first calibration targe! data set using a

first calibration target;

obtaining, via the processor, a second calibration target data set
using a second calibration target, the second calibration
target data set being generated by a scanning device after
the scanning device is initially calibrated based on the first
calibration target data set, the second calibration targst
data sel indicating al least one sireak in an image of the

sgcond calibration target;
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modifying, via the processor, the first calibration target data set

based on the second calibration target data set; and

compensating, via the processor, for the at least one streak in the

image using the modified first calibration target data set.

15. The compuier-implemented method of claim 14, wherein modiiying the first
calibration target data set based on the second calibration targel data sel
comprises adding, basad on pixel location, pixel values in the second
calibration target data set to pixel values in the first calibration target dala

set.,
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