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FIG. 1

(57) Abstract: Examples include computing devices, processes, and/or machine-readable storage mediums. Examples analyze a re-
gion of pixels for a digital image to determine a set of diagonal direction pixel differences corresponding to a target pixel. Examples
analyze the region of pixels to determine diagonal variances corresponding to the target pixel. Examples scale the digital image by
processing the target pixel into a set of subpixels based at least in part on the set of diagonal direction pixel differences and the diag-
onal variances.
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DIGITAL IMAGE SCALING

BACKGROUND
[0001] Digital images generally comprise a plurality of pixels, where the
pixels correspond o a smallest controllable/addressable element of the digital
image. Pixels generally comprise pixel values that correspond to various visual
components of the respective pixel. Resolution of a digital image generally
indicates the detall an image holds, where resolution may depend on a quantity
of pixels in a digital image and a size of the pixels of the digital image.

DRAWINGS
{0002} FIG. 1 is a block diagram of an example computing device.
[0003] FIG. 2 is a block diagram of an example printing device.
{0004} FIGS. 3A-C are block diagrams of example pixel regions and

example diagonatl direction pixel differences that may be determined by an
example printing device.

[0005] FIG. 4 is a flowchart that flustrates an example sequence of
operations that may be performed by an example computing device.

{0006} FIG. 5 is a flowchart that llustrates an example sequence of
operations that may be performed by an example computing device.

[0007] FIGS. 8A-B are block diagrams that llustrate an example
processing of pixels that may be performed by an example computing device.
[0008] FIGS. 7A-B are block diagrams that illustrate an example
processing of pixels that may be performed by an example computing device.
[0009] FIGS. 8A-B are block diagrams that illustrate examples of a
feature preservation pixel determination that may be performed for a target pixel
by an example computing device.
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[0010] FIGS. 9A-B are block diagrams that llustrate examples of a comer
pressrve pixel determination that may be performed for a farget pixel by an

gxample computing device.

{0011} FIGS. 10A-B are block diagrams that lusirate an example
processing of a digital image that may be performed by an example computing
devices.

[0012] Throughout the drawings, identical reference numbers designate

similar, but not necessarily identical, elements. Moreover the drawings provide
examples and/or implementations consistent with the description; however, the
description is not limited to the examples andfor implementations provided in
the drawings.

DESCRIPTION
[0013] Generally, digital image scaling corresponds to a process by
which a size of pixels andior a number of pixels of a digital image may be
adjusted. For pixels of a digital image, each pixel generally includes one or
more pixel values that correspond 1o various visual components. Examples of
visual companents that may be expressed in pixet values include color, opacity,
intensity, hue, saturation, brightness, luma, elc. A pixel value generally
indicates a numerical value of a scale for a visual component. For example, in
an 8-bit RGB color system, for a pixel, the pixel may comprise a 3-bit pixel value
for the red color component, a 3-bit pixel value for the green color component,
and a two-bit pixel value for the blue color component,
{0014} In some examples, a data processing system may analyze data
of a digital image (e.g., pixels) and adjust pixel size and/or quantity of pixels in
the digital image to thereby adjust a size of the digital image. Examples of the
disclosure may process a target pixel into a set of sub-pixels that comprise a
fractional area of the target pixel, where pixel values of the sub-pixels may be
set based at least in part on pixel values of neighboring pixels, diagonal
direction pixel differences corresponding to the target pixel, and/or diagonal
variances corresponding o the target pixel.
[0015] Some examples of image scaling may be referred to as upscaling,
where upscaling generally increases resolution of a digital image by increasing
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a number of pixels and/or decreasing a pixel size of one or more pixels. While
increasing resolution of a digital image may generslly be desirable, increases in
pixel quantity andfor reduction in pixel size may lead to reduced image quality
{which may result in a grainy upscaled image} and/or visual inaccuracies in the
upscaled digital image. Furthermore, scaling digital images generally requires
data processing resources for the data processing operations associated with
the scaling. Hence, scaling of a digital image is generally a balance between
processing resource usage and image quality increase. Moreover, some
processes for image scaling may nol be suitable for various types of image
data, such as text or other types of graphics. Furthermore, some processes for
image scaling may not be suitable for particular types of image data of a digital
image. For example, some scaling processes may introduce intermediate
colars along edges in a digital image, which may cause a blurry/grainy
appearance.

[00186] in some examples of the description, systems, processes, and/or
computer program products may scale a digital image by processing one or
more target pixels of the digital image based at least in part on a set of diagonal
diraction pixel differences corresponding to each pixel and/or diagonal
variances corresponding 1o each pixel. Generally, a diagonal direction pixel
difference may correspond to a difference between pixel values of diagonal
neighbor pixels.

{0017} Some examples of the description may scale a digital image prior
to printing the digital image with a printing device onto a medium. Generally, a
digital image to be printed by a printing device may be referred to as print
content. For example, print content may be upscaled from a print resolution of
300 pixels per inch (PPI) {o a print resolution of 800 PP, As ancther example,
print content may be upscaled from a print resolution of 600 PPI to 1200 PPL
Other examples may scale a digital image for output on other types of ocutput
devices, such as a monitor, touchscreen, etc.

{0018] Turning now to FIG. 1, this figure provides a block diagram that
itlustrates an example computing device 100. Examples of a computing device
as disclosed herein include a personatl computer, a portable electronic device
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{e.g., a smart phone, a tablet, a laptop, a wearable device, etc.}, a workstation,
smart device, server, a printing device, and/or any other such data processing
devices. in this example, the computing device 100 comprises a processing
resource 102 and a machine-readable storage medium 104, which may be
referred to as a memory and/or a memory resource. in the examples described
herein, a processing resource 102 may include at least one hardware-based
processor. Furthermore, the processing resource 102 may include one
processor or multiple processors, where the processors may be configured in a
single computing device 102 or distributed across mulliple computing devices
connected locally and/or remotely. As will be appreciated, a processing
resource 102 may comprise one or more general purpese data processors
and/or one or more specialized data processors. For example, the processing
resource 102 may comprise an central processing unit {CPU), a graphics
processing unit (GPU), an application-specific integrated circuit {ASIC), and/or
other such configurations of logical components for data processing.

{0019} The maching-readable storage medium 104 may represent the
random access memory (RAM) devices comprising the main storage of the
example computing device 100, as well as any supplemental levels of memory,
e.g., cache memories, non-volatile or backup memories {(e.g., programmable or
flash memories), read-only memories, efc. In addition, machine-readable
storage medium 104 may be considered to include memory storage physically
located elsewhere, &.g., any cache memory in a micraprocessor, as well as any
storage capacily used as a virtual memory, e.9., as stored on a mass storage
device or on another computing device in communication with the example
computing device 100, Furthermore, the machine-readable storage medium
104 may be non-transitory.

{0020] Generally, the machine-readable storage medium 104 may be
encoded with and/or store instructions that may be executable by the
processing resource 102, where execution of such instructions may cause the
processing resource 102 and/or computing device 100 to perform the
functionalities, processes, and/or sequences of operations described herein. In
this example, the machine-readable storage medium 124 comprises instructions
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for processing a digital image. In particular, the machine-readable storage
medium 104 comprises instructions to determine a set of diagonal direction
pixel differences corresponding to a target pixel based on pixel values for each
pixel of a region of pixels associated with the target pixel 106. in some
examples, instructions 106 may determine the set of diagonal pixel differences
as described below with regard to FIGS. 3A-C and example equations (1) to {8).
The machine-readable storage medium 104 comprises instructions to determine
diagonal variances corresponding to the target pixel based at least in part on
the pixel values of the pixels of the region associated with the target pixel 108.
in some examples, the instructions 108 may determine the diagonal variances
as described below with regard fo FIGS. 3A-C and the example equations (9}
and {10}). The machine-readable storage medium 104 further comprises
instructions to scale the digital image by processing the target pixel info a set of
sub-pixels based at least in part on the set of diagonal direction pixel differences
and the diagonal variances 110. In some examples, the instructions 110 may
scate the digital image as described below with regard to the example
flowcharts of FIGS. 4 and 5, the example conditions (A) to (H), and/or the
example equations {11} and (12} described below.

{0021} While not shown in FIG. 1, for interface with a user or operator,
the example computing device 100 may include a user interface incorporating
one or more user inputfouiput devices, e.¢., one or more buttons, a display, a
touchscreen, a speaker, ete. The user interface may therefore communicate
data to the processing resource 102 and receive data from the processing
resource 102. For example, a user may input one or more selections via the
user interface, and the processing resource 102 may cause data o be output on
a screen or other output device of the user interface. Furthermore, the
computing device 100 may comprise a network interface device. Generally, the
network interface device comprises one or more hardware devices {o
communicate data over one or more communication networks, such as a
retwork irterface card. In some examples, the computing device 100 may be
connectad o an external output device and/or a printing device. An external

outpui device may comprise a monitor, a touchscreen, a projection device, a
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personal display device, and/or other such types of visuat output devices. A
printing device may comprise a device configured to print content onto a
physical medium.

[0022] FIG. 2 provides a black diagram of an example printing device
200. Printing devices, as described herein, may generally be used to print
content onto a physical medium {aiso referred to as media), such as paper.
Examples of printing devices include ink-based printing devices, toner-based
printing devices, thermal printers, dye-based printers, etc. In this example, the
printing device 200 comprises a system 202 including engines 204-212 for
analyzing and scaling a digital image. As will be appreciated, a digital image
communicated to a printing device for printing thereby may be referred to as
print content, Furthermore, engines, as described herein, may be any
combination of hardware and programming to implement the functionalities of
the respective engines. In some examples described herein, the combinations
of hardware and programming may be implemented in a number of different
ways. For example, the programming for the engines may be processor
execuiable instructions stored on a non-transitory machine-readable storage
medium and the hardware for the engines may include a processing resource to
execute those instructions. In these examples, a computing device
implementing such engines may include the machine-readable storage medium
storing the instructions and the processing resource to execule the instructions,
or the machine-readable storage medium may be separately stored and
accessible by the computing device and the processing resource. In some
examples, engines may be implemented in circuitry.

{0023] in the example printing device 200 of FIG. 2, the system 202
includes a diagonal direction pixel differences engine 204 to analyze a region of
pixels corresponding o a target pixel of the digital image {o determine a set of
diagonat direction pixel differences for the region of pixels. The system 202
further comprises a diagonal variances engine 206 to analyze the region of
pixels to determine diagonal variances corresponding to the target pixel. The
system 202 comprises a process determine engine 208 {o determine whether to
process the target pixel based af least in part on the set of diagonal direction
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pixel differences and the diagonal variances. In addition, the system 202
includes a scaling engine 210 to scale the digital image by processing the target
pixel into a set of sub-pixels based at least in part on the set of diagonal
direction pixel differences and the diagonal variances. In addition, the system
202 includes a print engine 212 1o cause printing of the scaled digital image by
a printhead 214 of the printing device 200 onto a physical medium.

[0024] As will be appreciated, the operations and sequences of
operations described with regard o engines 204-212 may be performed in one
or more engines that may be implemented in a printing device 200 and/or other
such computing device. Generally, examples of computing devices, such as
printing devices, described herein may not be limited to the specific
implementations of engines illustrated in this example. in this regard, some
examples of computing devices may be configured with more or less engines,
where engines may be configured to perform more or less operations.
Furthermore, in some examples, the engines may be implemented by execution
of instruclions with one or more processing resources to cause the processing
resources 1o perform the corresponding operations.

{0025] FIGS. 3A-C provide block diagrams to Hlustrate an example
determination of a set of diagonat direction pixel differences corresponding to a
target pixel. In this example, a region of pixels 300 is a 3 pixel by 3 pixel (e.g.,
3x3) region that comprises nine pixels. As shown in FIG. 3A, the nine pixels
{labeled ‘PO’ to 'P8’) of the region of pixels correspond {o a target pixel {which,
in this example, is labeled 'P4"). in this example, the pixel labels PO 1o P8 also
reference a pixel value of the respective pixel. As discussed above, a pixel
value generally corresponds to a visual component of the pixel. Insome
examples, the pixel value that may be analyzed may correspond to luma. In
other examples, the pixel value that may be analyzed may correspond (o
intensity, color, etc. As will be appreciated, the pixel values used for analysis
may be based at least in part on the color space of the digital image and/or
printing device 200. With regard to FIG. 3A, the region of pixels 300 may be
referred to as a pixel neighborhood. In this regard, the pixels PO to P8 may be

referred o as neighboring pixels. For example, with regard to pixel P4: pixels
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P1 and P7 may be described as vertical neighbors; pixels P3 and P5 may be
referred to as horizontal neighbars; and PO, P2, P8, and P8 may be referred to
as diagonal neighbors. Similarly, pixels P1 and P3 may be referred {o as
diagonal neighbors; pixels P1 and Pb may be referred fo as diagonal neighbors;
pixels P3 and P7 may be referred to as diagonal neighbors; and pixels P5 and
P7 may be referred to as diagonal neighbors.

{0026] FIGS. 3B and 3C illustrate example diagonal direction pixel
differences that may be determined that correspond {o the target pixel P4. As
shown in FIG. 3B, a first diagonal direction pixel difference {labeled ‘G1) a
second diagonal direction pixel difference (labeled ‘G2, a third diagonal
direction pixel difference {labeled ‘G3')}, and a fourth diagonal direction pixel
difference (labeled 'G4°} are illustrated. As will be appreciated, each diagonal
direction pixel difference is determined based at least in part on a pixel value of
two pixels of the region corresponding to the diagonal direction pixel difference.
For example, the diagonal direction pixel differences of FIG. 3B may be
determined based at isast in part on the following equations:

1 Gr=
ey _ PS=PT
(2} 2= ——
I i i
3y 3=~
x . B7-P3
ORI
[0027] Simitarly, in some examples, the diagonal pixel differences of FIG.

3C may be determined based at least in part on the following equations:

(5) 05 = Ps‘%-:“Z :
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[0028] in addition, diagonal variances across the farget pixel may be

determined based at {east in part on the pixel values of pixels of the region

and/or based at least in part on the set of diagonal direction pixel differences for
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the region. For example, the diagonal vaniances across the target pixel may be
determinad based atl isast in part on the following equations:

@) V5 EZE

&

(10)  ve= T

A

{0029] With regard {o the example equations provided ahove, it will be
appreciated that the denominator of each example equation may vary, where
the value adjusts the range of possible values and/or may increase/decrease a
significance of various other values and characteristics.

{0030] As lllustrated by example equations {1} to {10) and FIGS. 3A-C,
diagonal pixel differences associated with a target pixel generally correspond to
pixel value differences determined from diagonally neighboring pixels
associated with the target pixel. For example, the example diagonal pixel
differences G1 to G4 generally correspond fo pixel value differences between a
vertical neighbor pixet of the target pixel and a horizontal neighbor pixel of the
farget pixel. In addition, the example diagonal pixel differences G5 to G8
generally correspond to pixel value differences between a diagonal neighbor
and the target pixel. Moreover, as llustrated by way of the examples, diagonal
pixel differences generally correspond to pixels of a region associated with a
target pixel that may correspond fo a 45° sloped edge or a 135° sloped edge.
For example, referring to the example diagonal pixel differences of FIGS. 3B
and C, diagonal pixel differences (3, G4, G7, and GB8 generally correspond to a
45° sloped edge, and diagonal pixel differences G1, G2, GB, and G5 generally
correspond 1o a 135° sloped edge. Furthemore, diagonal variances generally
correspond {o a variance in opposite direction diagonat pixel differences across
a target pixel. For example, the example variance V& of example equation (9)
generally corresponds to diagonal direction pixel differences G5 and G6 across
the target pixel P4 that may be associated with a 135° sloped edge, and the
example variance V6 of example equation (10} general corresponds to diagonal
direction pixel differences G7 and G8 across the target pixel P4 that may be
associated with a 45° sloped edge.

{0031] in some examples, the diagonal direction pixel differences may be

configured to facilifate the determination of whether the target pixel corresponds
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to a 45% edge or a 1358° edge. For example, with regard to the example
diagonal direction pixel differences of G1 to G8 of FIGS. 3B-C andfor the
gxample equations {1} 1o (8), the pixel differences G1, G2, G5, and G6 may be
used to determine whether the target pixel corresponds fo a 135° sloped edge,
and the pixel differences G3, G4, G7, and G8 may be used to determine
whether the target pixel corresponds to a 45° sloped edge. in addition, in some
examples, the diagonal variances corresponding to the target pixel may be
configured to facilitate the determination of whether the target pixel corresponds
to 45° edge or a 1358° edge. With regard (o the example equations (9) and (10},
V5 may be used to determine whether the target pixel corresponds to a 138°
stoped edge, and VB may be used to determine whether the targst pixel
corresponds to a 45° sloped edge.

[0032] FIGS. 4 and § provide flowcharts that provide example sequences
of operations that may be performed by an example computing device, such as
a printing device, and/or a processing resource thereof to perform example
processes and methods of the disclosure. In some examples, the operations
included in the flowcharts may be embodied in a memory {such as the machine-
readable storage medium 104 of FIG. 1} in the form of instructions that may be
executable by a processing resource o cause the computing device {e.q., the
computing device 100 of FIG. 1, the printing device 200 of FIG. 2, efc ) to
perform the operations corresponding {o the instructions. Additionally, the
examples provided in FIGS. 4 and 5 may be embodied in computing devices,
machine-readable storage mediums, processes, andfor methods. In some
examples, the example processes and/or methods disclosed in the flowcharts of
FIGS. 4 and & may be performed by ong or more engines implemented in a
computing device, such as the example engines 204-212 of FIG. 2.

{0033] FIG. 4 is a flowchart 400 that Hlustrates an example sequence of
operations that may be performed by a compuling device to process a digital
image (block 402). As shown, the computing device determines pixel values for
a region of pixels corresponding to a target pixel (block 404). Generally, a size
of the region of pixels used for analyzing a target pixel may be predefined,

where a larger size may require more processing resources. in some
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examples, the region of pixels may be a three-pixel by three-pixel {3x3) square
with the target pixel in the center {i.e., P4 as illustrated in FIG. 3A). Thersfore, if
the region of pixels is a 3x3 sguare, the computing device determines a pixel
value for each of the ning pixels. As discussed previously, a pixel may
comprise one or more pixel values that correspond 1o various visual
components of the pixel. The type of pixel value used for analysis as described
herein may be predefined. For example, the digital image may comprise a red
color component value, a green color component value, a blue color component
value, and an intensity value, and the type of pixel value used for analysis may
be luma. Similarly, a type of pixel value used for analysis may be intensity.
[0034] The computing device determines a set of diagonal direction pixel
differences corresponding to the target pixel based on the pixel values of the
pixels of the region (block 406). in some examples, the computing device may
determine the set of diagonal direction pixel differences based al least in part on
the pixel values of corresponding pixels of the region of pixels. For example,
the computing device may determine the diagonal direction pixel differences
corresponding to the target pixel based at least in part on the example
equations (1) to {8). In some examples, the set of pixel differences may be
determined in block 406 as described above with regard to FIGS. 3A-C and the
example equations {1} to {8). Furthermore, the computing device determines
diagonal variances corresponding to the iarget pixel {block 408}, In some
examples, the computing device may determine the diagonal variances
corresponding o the larget pixel based at least in part on pixel values of pixels
of the region and/or one or more diagonal direction pixel differences of the sel.
For example, the computing device may determine the diagonal variances
hased at least in part on the example equations {8) and {10}). In some
examples, the computing system determines diagonal variances as described
above with regard to FIGS. 3A-C and the example equations () and (10).
[{0035] Based on the sat of diagonal direction pixel differences andior the
diagonal variances corresponding to the target pixel, the computing device
determines an orientation for the target pixel {block 410). In some examples,
determining an orientation for the target pixel may comprise determining
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whether the target pixel corresponds to a 45° sloped edge, determining whether
the target pixsl corresponds to a 135° sloped edge, determining whether the
farget pixel corresponds 1o an edge pixel, determining whether the target pixel
corresponds o a feature presarve pixel, and/or determining whether the target
pixel corresponds to a corner preserve pixel. In some examples, an orientation
for the target pixel is determined at block 410 as described in the example
flowchart provided in FIG. 4 and according to the example conditions (A) to (H)
provided below.

[0036] Based on the set of diagonal direction differences corresponding
to the target pixel, the diagonal variances corresponding o the target pixel,
and/or the orientation of the target pixel, the computing device determines
whether to process the target pixel {block 412). in some examples, the
computing device may determine {o process the target pixel if the targst pixel
corresponds o a forty-five degree (45°) sloped edge or a one-hundred and
thirty-five degree (135°) sloped edge. in addition, in some examples, the
computing device may determine to process the targst pixel if the farget pixel
corresponds to an edge pixel, a feature preserve pixel, andfor a corner preserve
pixel. In some examples, the computing device may determing whether to
process the target pixel in block 412 as described in the example flowchart
provided in FIG. 4 and according to the example conditions (A} to (H) provided
below.

[0037] in responseg o determining o process the target pixel (Y branch
of block 412}, the computing device processes the target pixel into a set of sub-
pixels {block 414}, where the each sub-pixel comprises pixel values based at
least in part on the pixel valug of the target pixel, the orientation of the target
pixel, the set of diagonal pixel differences corresponding to the target pixel,
and/or the diagonal variances corresponding 1o the target pixel. in some
examples, processing a target pixel may comprise replacing the target pixel with
four sub-pixels, where the pixel values of each sub-pixel may be set
independently. Generally, each sub-pixel has a pixel size that is fractionally
related to the target pixel such that more detail may be illustrated in area of the

digifal image represenied by the larget pixel. For example, the target pixel may
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be processed into four sub-pixels, where each sub-pixel corresponds to one
fourth of the area of the target pixel. Furthermore, when the targst pixel is
processed, each sub-pixel may have pixel values that differ from the pixel
values of the target pixel. In some examples, the computing device may
process the target pixel into the set of subpixels as described below in the
flowchart of FIG. § and according to the example equations (11} and {12)
provided below. In response o determining {o not process the target pixel (*N°
branch of block 412), the computing system replaces the target pixel with a set
of sub-pixels that each have the same pixel values as the target pixel (block
416).

[0038] As will be appreciated, a digital image may be scaled by adjusting
one or more target pixels of the digital image. Hence, while some examples
described in the description reference a single targst pixel, the description is not
so limited. Generally, an example computing device may analyze and process
one or more target pixels sequentially and/or concurrently. Accordingly, in FIG.
4, the computing device may determine whether any additional target pixels
remain to be processed {block 418}. Therefore, in this example, the computing
device may process at least some targst pixels sequentially. Other
configurations may be implemented. For example, the computing device may
determine some ar all target pixels concurrently. If the computing device
determines that target pixels remain {o be processed (“Y" branch of block 418),
the computing device begins analysis on the next target pixel (block 420), and
repeats the process described with regard to blocks 404-418 for the next target
pixel. {if the computing device determines that target pixels do not remain to be
processed ("N” branch of block 418), the computing device thereby generates a
scated digital image (block 422).

{0039] Turning now to FIG. 5, this figure provides an example sequence
of operations that may be performed by an example computing device to
determine an orientation of a target pixel based at least in part on a set of
diagonal direction pixel differences and diagonal variances corresponding fo the
target pixel (block 502). As shown, the example computing device determines
whether the targel pixel corresponds to a 45° sloped edge or a 135° sloped
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edge {block 504). Generally, a target pixel may be determined to correspond o
a 45° sloped edge or a 135° sloped edge based at least in part on the set of
diagonal direction pixel differences and diagonal variances corresponding to the
target pixel. In some examples, the computing device may determine that the
target pixel corresponds 1o a 45° sloped edge or a 135° sloped edge if diagonal
differences on either side of the target pixel are both the same sign {positive or
negative}, the diagonal differences are larger than a predefined threshold, the
differences are larger than the complementary differences of the opposite
direction, and the differences are larger than the variance across the target pixel
in the opposite direction.
[0040] For example, referring to the example diagonal direction pixel
differences of FIGS. 3B-C and the example equations (1) to {10}, a target pixel
may be determined to correspond to a 45° sloped edge in block 504 based on
the following exampie conditions:
(AY {63 < —THRESH1) AND (G4 < —THRESH1Y) (OR)
{{G3 > THRESH1) AND (G4 > THRESH1)) (AND)
{163+ G4} > (2«61 + G21)) (AND)

{5
bl )p

{004 1] Similarly, a target pixel may be determined to correspond to a

{1G3 + G4 > —
135° sloped edge in block 504 based on the following example conditions:
(B) {{Gl < —THRESH1) AND (62 < ~THRESH1)) (OR)

{{(G1 > THRESH1) AND (G2 > THRESH1)) (AND)
{61+ G2] > (2 +{G3 + G4])) (AND)

el

{161+ G2 > T).
{0042] Generally, THRESH1 corresponds to a predefined threshold valus
that is set to address noise issues in the digital image. In some examples,
THRESH1 is a non-zero value that is a relatively low value of the possible scale
of pixel values. For example, in a digital image in which a pixel value is an 8-bit
value {i.e., the possible scale is 0 to 255}, THRESH1 may be 0.5, 1, 12, or some

other similar, relatively low, non-zero value. THRESHT may be set based on
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the pixel values and/or the amount of nolse expected in digital images
processed by the example computing device.

{0043} As shown in FIG. §, responsive to determining that the target pixel
does not correspond o a 45° sloped edge or a 135° sloped edge ("N branch of
block 504), the computing device does not process the target pixel (block 505).
Generally, not processing a target pixel may comprise replacing the target pixel
with a set of subpixels thal each have a respective pixel value that is equal fo
the pixel value of the target pixel. For example, if a pixel for a text image is
black {e.q., the example pixel value is 0}, the set of subpixels will be black as
well {e.g., the example respeclive pixel values will be 0).

[0044] in response {o determining that the targe! pixel corresponds to a
45° sloped edge or a 135° sloped edge (*Y” branch of block 504), the example
computing device determinas whether the target pixel corresponds o an edge
pixel for which processing may potentially be performed (block 506), which may
be referred {o as an edge pixel candidate. In some examples, the computing
device determines whether the target pixel corresponds to an edge pixel for
which processing may potentially be performed based at least in part on the
targst pixel's pixel value, the pixet values of one or more other pixels of the
region of pixels, the set of diagonal direction pixel differences, andior the
diagonal variances. For example, in a binary image (e.g., black and white
image), the computing device may determine whether the target pixel is a black
pixel or a white pixel, and the computing device may only pracess white pixels,
such that detail may not be removed by processing a black pixel into a set of
one or more white subpixels. Therefore, in some examples, the computing
device determings to potentially process target pixels along an edge having
lighter visual components {e.g., white pixels), where the computing device may
determine respective pixal values for of one or more subpixels associated with a
lighter relative target pixel to be a darker value, thereby providing additional
detail to an edge.

{0045] For example, referring to the example diagonal direction pixel
differences of FIGS. 3B-C and the example eguations {1} to {10), the example

computing device may determine that the target pixel corresponds to an edge
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pixel for which processing may potentially be performed in block 508, when the
farget pixel corresponds 1o a 45° sloped edge, based at least in part on the
following example condition:

(Cy  NOTH{(JV5] < THRESH1) AND (V6 < —THRESH2))] .
{0046} Similarly, the example computing device may determine that the
target pixel corresponds to an edge pixel for which processing may potentially
be performed in block 506, when the target pixel corresponds to a 135° sioped
edge, based at least in part on the following example condition:

{0} N(‘J‘?’[((IV61§ < THRESH1YAND (V5 < «?’HRESHE_})] .
[0047] in these examples, THRESHZ may be set {0 a value similar to
THRESH1 ~ Le., a relatively low with respect to the scale of possible pixel
values, nan-zerp value, such as 0.5, 1, 12, 18, slc.
[0048] In response 1o determining that the target pixel does not
correspond {o an edge pixal for which processing may potentially be performed
{"N" branch of block 506}, the example computing device does not process the
pixel (block B0B). In response to determining that the target pixel corresponds
to an edge pixel for which processing may potentially be performed (*Y” branch
of block 508), the example computing device may determine whether the target
pixel corresponds 1o a feature preserve pixel for which processing may
potentially be performed (block 508), which may be referred to as a feature
preserve pixel candidate.
[0049] In some examples, a feature preserve pixel generally corresponds
to a pixel that is associated with a connection of a feature in a digital image.
Simitar to an edge pixel, example computing devices as described herein may
generally be configured to process relatively lighter pixel value pixels to further
define the connection of the feature, and sxample computing devices may not
process relatively darker pixel value pixels such that the feature connected by
the dark pixel may not be processed into one or more relatively lighter value
subpixels. In some examples, the computing device determines that the target
pixel does not correspand to a feature preserve pixel for which processing may
potentially be performed based at least in part on whether low variance occurs
through the target pixel across the edge, and the computing device determines
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that a high increase in pixel value occurs along the edge, from the target pixel,
in both directions.
[00&0] For example, referring to the example diagonal direction pixel
differences of FIGS. 3B-C and the example equations (1)} to (10}, the example
computing device may determine that the target pixel corresponds to a feature
prasaerve pixel for which processing may potentially be performed in block 508,
when the {arget pixel corresponds to a 45° sloped edge, based at least in part
on the following example condition:

{E} NOT{({Vel < THRESH1) AND (&5 < —~THRESH2Y AND G6 <

—~THRESHZ .

[0051] Simitarly, the example computing device may determineg that the
target pixel corresponds o a feature preserve pixel for which processing may
potentially be performed in block 508, when the target pixel corresponds {o a
135° sloped edge, based at least in part on the following example condition:

{F) NOTI(VS] < THRESH1) AND (67 < —THRESH2Y AND 68 <

~THRESHZ .

[0052] in response o determining that the target pixel does not
correspond 1o a feature preserve pixel for which processing may potentially be
performed {“N” branch of blaock 508}, the example computing device does not
process the target pixel (block 505). In response to determining that the target
pixel corresponds to a feature preserve pixel for which processing may
potentially be performed (*Y” branch of block 508), the computing device
determines whether the target pixel corresponds to a comer preserve pixel for
which processing may potentially be performed (block 510}, which may be
referred to as a corner preserve pixel candidate.
{0053] Generally, a corner preserve pixel for which processing may
potentially be performed may correspond to a pixel having a relatively lighter
pixel value than neighboring pixels associated with a feature corner in an image.
Example computing devices may process the pixel having the relatively lighter
pixel value such that a corner may be further defined in a scaled image.
However, example computing systems may determine that a target pixel having

a relatively darker pixel value than neighboring pixels associated with a feature
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corner does not correspond to a corner preserve pixel for which processing may
potentially oceour,
[0084] For example, referring to the example diagonal direction pixel
differences of FIGS. 3B-C and the example equations (1)} to (10}, the example
computing device may determine that the target pixel comesponds to a corner
prasarve pixel for which processing may potentially be performed in block 510G,
when the {arget pixel corresponds to a 45° sloped edge, based at least in part
on the following example condition:
{G) NoOT [({‘_{}? < ~THRESH2) #+ {(GR < ~TH R_ES‘HE}) AND {75 <
—THRESHZ2)Y AND {66 < —THRESH2)}.
{0055] Simitarly, the example computing device may determine that the
target pixel corresponds {0 a corner preserve pixel for which processing may
potentially be performed in block 510, when the target pixel corresponds to a
135° sloped edge, based at ieast in part on the following example condition;
(Hy  NOT[({G5 < ~THRESH2) = (G6 < ~THRESHZ)} AND (G7 <
~THRESHZ2) AND (68 < —~THRESH2)} .
{0056] in response to determining that the target pixel does not
correspond 10 a corner preserve pixal for which processing may potentially be
performed ("N branch of block 510}, the example computing device does not
process the target pixel (block 505}, In response to determining that the target
pixel corresponds to a comer preserve pixel for which processing may
potentially be performed (*Y” branch of block 510), the computing device
processes the target pixel {block 512).
[0057] In general, processing the target pixel comprises processing the
target pixel into a set of subpixels gach having a respective pixel value, where
some of the respective pixel values may be determined based at least in part on
pixel values of other pixels of the region of pixels.
{0058] For example, a target pixel may be processed into a set of four
subpixels. For reference purposes, the four subpixels may be referred to as an
upper left (UL) subpixel, an uppsr right (UR) subpixel, a lower left {LL}) subpixel,
and a lower right {LR) subpixel. In these examples, if the target pixel
corresponds to a 45° sloped edge, the target pixel may be processed into the
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set of subpixels in block 507 and the respective pixel values of the subpixels

may be delermined based at least in part on the following sxample equation;
(1) UL = PLEPR

2

[0069] Continuing the exampile, if the target pixel corresponds o a 1356 °
sloped edge, the target pixel may be processed into the sel of subpixels in block
507 and the respective pixel values of the subpixels may be determined based
at least in part on the following example equation:

P'li—!’&'e ; LE = PfﬂjP?’ ; LR = P4 .

{0060] With regard {o the example flowchart 500, the edge pixel check of
block 508, the feature preserve pixel check of block 508, and the comer

(12)  UL=P4;R=

preserve pixel check of block 510 may be performed in any order. In some
examples, a target pixel may generally be evaluated as described with regard to
blocks 506-510, and a target pixel may be processed responsive to determining
thai the {arget pixel corresponds to each characteristic evaluated in blocks 506~
510. Therefore, in some examples, a target pixel is evaluated to determine
whether the target pixel is an edge pixel candidate, a fealure preserve pixel
candidate, andfor a corner preserve pixel candidate, and the target pixel may be
processed based at least in part on the determinations. As will be appreciated,
determining an orientation of a target pixel may comprise determining whether
the target pixel corresponds {0 a 45° sloped edge or a 135° sloped edge. In
addition, determining an orientation of a target pixel may comprise determining
whether the target pixel is an edge pixel candidate, a feature preserve pixel
candidale, andior a corner preserve pixsl candidats.

[0061] FIGS. 8A-C are block diagrams that illustrate an example
processing of an example target pixel 600 that may be performed by an
gxample computing device. FIG. 6A provides an example a region of pixels 602
{labeled PO to P8) that includes the example target pixel 600 (also labeled P4).
in this example, the digital image is binary (e.g., black and white) where a pixel
having a black color may have a pixel value of 0, and a pixel having a white
color may have a pixal value of 255, Referring to the example equations {1} lo
{8}, example diagonal direction pixel differences corresponding to the example
target pixel 600 {i.e., pixel P4) may be determined as follows: G1=63.75, G2 =
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83.75, G3=0, G4 =0, B5=0; G& = 63.75, G7 = 0; and G8 = 0. Referring to
the example equations (9) and {10}, the example diagonal variances
corresponding to the target pixel 600 may be determined as follows: Vo =
31.875;and V6 =0,

[0062] For this example, the target pixel 600 may be delermined o
correspond o a 135° sloped edge (based on example conditions (B)); the target
pixel may be determined {0 correspond to an edge pixel for which processing
may potentially be performed (based on example condition (D)), the target pixel
may be determined to correspond o a feature preserve pixel for which
processing may potentially be performed (based on example condition {F)): and
the target pixel may be determined fo correspond {o a comer preserve pixel for
which processing may potentially be performed (based on example condition
{H). Therefore, in this exampls, the computing device may determine that the
target pixel 600 should be processed, and the computing device processes the
example target pixel 600 into a set of four subpixels 804 (labeled UL, UR, LL,
LR). Based on the exampie squation (12), the respective pixel values for the
subpixels may be determined to be: UL = 255 {i.e., white); UR = 255 {white); LL
= ( {black); and LR = 255 (white). Therefore, as shown in this example, the LL
subpixel comprises a respective pixel value that differs from the pixel value of
the target pixel 600. FIG. 80 provides an example portion 806 of a scaled
digital image corresponding to the region of pixels 602. As shown in FIG. 6C,
the target pixel 600 has been processed into the sef of subpixels 604,

{0063] FIGS. 7A-C provide block diagrams that illusirate an example
portion of a digital image corresponding to an example target pixel 700 that may
not be processed when the digital image is scaled. A region of pixsls 702
{labeled PO to P8) including the target pixel 700 (also labeled P4} are shown in
FIG. 7A. In this exampile, the digital image is binary {e.g., black and white)}
where a pixel having a black color may have a pixel value of 0, and a pixel
having a white color may have a pixel value of 285. Referring to the example
equations (1) to (8}, example diagonal direction pixel differences corresponding
o the example target pixel 700 {i.e., pixel P4} may be determined as follows: G7
=0,G2=0;,G3=-6375,G4=-63.75,G56=0,G6=0; G7=-63.75; and G8 =
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0. Referring {o the example equations (8} and (10}, the example diagonal
variances corresponding to the target pixel 600 may be determinad as follows:
V8 =0 and V6 = -31.875.

{0064} For this exampile, the {arget pixel 700 may be determined to
correspond 10 a 45° sloped edge (based on example condition {B)). However,
the target pixel 700 is not determined fo correspond to an edge for which
processing may potentially be performed (based on example condition (C)).
Therefore, in this example, the target pixel 700 is not processed info a set of
subpixels that may have difference respective pixel values. Instead, the farget
pixel 700 may be replaced by a set of subpixels having respective pixel values
equal to the pixel value of the {arget pixel. FIG. 7B illustrates the example set of
subpixels 704 {labeled UL, UR, LL, LR). InFIG. 7C, the target pixel 700 of the
digital image portion shown in the region of pixels 702 of FIG. 7A has been
replaced with the set of subpixels 704 for the comresponding portion of a scaled
digital image 7086.

{0065} FIGS. BA and 8B provide block diagrams of example target pixels
802, 804 associated with a feature preserve pixel determination. FIG. 8A
provides an example target pixet 802 and an example region of pixels 806
{labeled PO to P8) corresponding to the example target pixel 802 {also labeled
P4). In FIG. 8A, an example portion of a scaled digital image 808 is provided
where the example larget pixel 802 is processed into a set of subpixels 810
{labeled UL, UR, LL, LR). As shown, processing of the example target pixel 802
caused the UR subpixel 16 have a different respective pixel value than the target
pixel 802, which, in turn caused a disconnection of a feature in the example
partion of the scaled digital image 808.

[008es] FIG. 8B provides an example region of pixels 820 {labeled PO to
P8} corresponding to the target pixel 804 {(also labeled P4}, In FIG. 88, an
example portion of a scaled digital image 822 is provided where the example
target pixel 804 is processed into a set of subpixels 824 (labeled UL, UR, LL,
LR). As shown, processing of the example target pixel 804 caused the UR
subpixel to have a different respective pixel value than the target pixel 804,
which, in lum caused additional detail 1o be added o a feature in the example
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portion of the scaled digital image 822. Accordingly, example computing
devices may generally distinguish between the case illusirated by the example
of FI(5. 8A and the case illustrated by the example of FIG. 8B such that
computing devices pracess target pixels similar to the example target pixel 804
of FIG. 8B and not process target pixels similar to the example target pixel 802
of FIG. 8A.

{0067] FIGS. BA and 9B provide block diagrams of example target pixels
902, 804 associated with a corner preserve pixel determination. FIG. 8A
provides an example target pixel 802 and an example region of pixels 806
{fabeled PO to P8) corresponding to the example target pixel 802 {also labeled
P4). In FIG. 9A, an example portion of a scaled digital image 908 is provided
where processing of the example target pixel 8902 processed the target pixel 802
into a set of subpixels 810 (labeled UL, UR, LL, LR}, As shown, processing of
the example target pixel 802 caused the UR subpixel corresponding to the
example target pixel 902 1o have a different respective pixel value than the
target pixel 902, which, in turn caused a corner of a feature in the example
portion of the scaled digital image 808 o degrade.

{0068} FIG. 9B provides an example region of pixels 920 {labeled PO to
P8) corresponding to the target pixel 804 {also labeled P4}, In FIG. 8B, an
example portion of a scaled digital image 922 is provided where the example
target pixel 904 is processed into a set of subpixels 924 {labeled UL, UR, LL,
LR). As shown, processing of the example target pixel 804 caused the UR
subpixel to have a different respective pixel value than the target pixel 904,
which, in tum caused additional detail 1o be added to a corner in the example
partion of the scaled digital image 922, Accordingly, example computing
devices may generally distinguish between the case illustrated by the example
of FIG. 9A and the case illustrated by the example of FIG. 9B such that target
pixels such as the example target pixel 8904 of FIG. 9B are processed, and
farget pixels such as the example target pixel 902 of FIG. 8A are not processed.
{0083} FIGS. 10A and 10B are block diagrams that iltustrate an example
processing of text of a digital image. FIG. 10A provides an example portion of a
digifal image 950, and FIG. 108 provides a portion of a scaled digital image 952
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corresponding to the portion of the digital image 950 of FIG. 1. The example
portion of the scaled digital image 952 may be generated by processing the
portion of the digital image 950 according o the image analysis and scaling
processes described herein.

[0070] Therefore, examples of computing devices, processes, methods,
andfor computer program products implemented as executable instructions
sfored on a non-transitory machine-readable storage medium described herein
may scale digital images prior {0 output with a printing device and/or other such
visual oulput device, In some examples, the digital image may be upscaled {o
generate a scaled digital image by processing one or more target pixels into
sets of subpixels. Some examples may determine a set of diagonal direction
pixel differences corresponding 1o a target pixel and diagonal variances
corresponding to the target pixel. Based on the diagonal direction pixel
differences and the diagonal variances, some examples may determine an
orientation of the target pixel. Based on the orientation of the target pixel,
examples may determine whether 1o process the larget pixel. Generally,
examples may determine some resgpective pixel values for subpixels of a set
associated with a target pixel based at least in part on pixel values of ong or
more other pixels of a region of pixels corresponding to the target pixel. Some
examples may analyze some or all of the pixels of a digital image as a target
pixel, and the examples may process some or all of the target pixels as
described herein to thereby generate a scaled digital image.

{007 1] In addition, while various examples are described herein,
elements andfor combinations of elements may be combined and/or removed
for various examples contemplaled hereby. For exampls, the example
operations provided herein in the flowcharts of FIGS. 4-5 may be performed
sequentially, concurrently, or in a different order. Moreover, some example
operations of the flowcharts may be added to other flowcharts, andfor some
example operations may be removed from flowcharts. Furthermore, in some
examples, various components of the example computing devices of FIGS. 1
and 2 may be removed, and/or other components may be added. Similarly, in

some examples various instructions of the example memories andior machine-



WO 2016/209254 54 PCT/US2015/037923

readable storage mediums of FIGS. 1 may be removed, andfor other
nstructions may be added {such as instructions corresponding to the example
operations of FIGS. 4 and &).

{0072} The preceding description has been presented to illustrate and
describe exampies of the principles described. This description is not intended
to be exhaustive or to limit examples o any precise form disclosed. Many
modifications and variations are possible in light of this description.
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CLAIMS:

1. A non-transitory machine-readable storage medium comprising
instructions executable by a processing resource of a computing device {o
cause the computing device to:

for a digital image, analyze a region of pixels including a target pixel to
determine a set of diagonal direction pixel differences corresponding o the
target pixel;

analyze the region of pixels to determine diagonal variances
corresponding to the target pixel;

scale the digital imags by processing the target pixel info a set of
subpixels based at least in part on the set of diagonal direction pixel differences
and the diagonal variances.

2. The non-transitory machine-readable storage medium of claim 1, further
comprising instructions to;
determine whether to process the target pixel based at least in part on

the set of diagonal direction pixel differences and the diagonal variances.

3. The non-transitory maching-readable storage medium of claim 2, wherein
the instructions o determine whether to process the target pixel based at least
in part on the set of diagonal direction pixel differences and the diagonal
variances comprises instructions io:

determine an orientation of the target pixel based at least in part on the
set of diagonal direction pixel differences corresponding fo the target pixel and
the diagonal variances corresponding o the target pixel.

4, The non-transitory machine-readable storage medium of claim 3 wherein
the instructions to determine the orientation of the target pixel comprise
instructions to:

determine whether the target pixel corresponds to a forty five degree or a
one-hundred and thirty five degree sloped edge based at least in part on the set
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of diagonat direction pixel differences corresponding o the target pixel and the
diagonal variances corresponding to the target pixsl.

5. The non-transitory machine-readable storage medium of claim 3, wherein
the instructions to determine the orientation of the target pixel comprise
instructions to:

determing whether the target pixel corresponds {0 an edge pixel based at
least in part on the set of diagonal direction pixel differences corresponding to
the target pixel and the diagonal variances corresponding to the target pixel;

determine whether the target pixel corresponds {o a fealure preserve
pixel based at least in part on the set of diagonal direction pixel diffsrences
corresponding 1o the target pixel and the diagonal variances corresponding to
the target pixel; and

determine whether the larget pixel corresponds to a corner preserve pixel
based at least in part on the set of diagonat direction pixel differences
corresponding to the target pixel and the diagonal variances corresponding to
the target pixel.

6. The non-transitory machine-readable storage medium of claim 1, wherein
the instructions to scale the digital image by processing the target pixel into
subpixels comprises instructions o

determine a respeactive pixel value for each subpixel based at least in

part on a pixel value of at least one other pixel of the region of pixels.

7. The non-transitory machine-readable storage medium of daim 1, wherein
the set of subpixels comprises an upper-left subpixel, an upper-right subpixel, a
lower-left subpixel, and a lower-right subpixel, and the instructions to scale the
digital image by processing the farget pixel into the set of subpixels comprises
instructions to:

determine a respective pixel value for the upper-right subpixel and the
lower-left subpixel based at least in part on an average pixel value of at least
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two other pixels of the region of pixels responsive to a determination that the
target pixel corresponds 1o 8 one-hundred and thirty-five degree sloped adge.

8. The non-transitory machine-readable storage medium of claim 1, wherein
the set of subpixels comprises an upper-eft subpixel, an upper-right subpixel, a
lower-left subpixel, and a lower-right subpixel, and the instructions to scale the
digital image by processing the target pixel into the set of subpixels comprises
instructions to:

determing a respective pixel value for the upper-left subpixel and the
fower-right subpixel based at least in part on an average pixel value of at teast
two other pixels of the region of pixels responsive 1o a determination that the
target pixel corresponds 1o a forty-five degree sloped edge.

8. A digital image processing method comprising:

for each of a plurality of target pixels of a digital image:

analyzing a pixel value for each pixel of a region of pixels that includes a
particular target pixel to determine a set of diagonal direction pixe! differences
corresponding o the particular target pixel;

determining diagonal variances corresponding to the particular target
pixel based at least in part on the set of diagonal direction pixel differences;

analyzing the set of diagonal pixel differences corresponding fo the
particular target pixel to determine an orientation of the particular target pixel;

determining whether to process the particular target pixel based at least
in part on the orientation of the particular target pixel; and

in response {o determining o process the particular target pixel,
processing the particular target pixel into a set of subpixels.

10, The method of claim 9, further comprising:
determining, for each subpixel of the set of subpixels, a respective pixel

value based at least in part on the orientation of the particular target pixel.
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11.  The method of claim 9, further comprising:
generaling a scaled digital image for the digital image that comprises
gach set of subpixels from each of the plurality of target pixels.

12, A computing device comprising:

a diagonat direction pixel differences engine {o analyze pixels of a region
of pixels to determine a set of diagonal direction pixel differences corresponding
to a target pixel of a digital image;

a diagonal variances engine to analyze the pixels of the region of pixels
to determine diagonal variances comresponding to the target pixel of the digital
nage;

a pixel orientation engine to determine an orientation of the target pixel
based at least in part on the set of diagonal direction pixel differences and the
diagonal variances; and

a scaling engine to generate a scaled digital image by processing the
target pixel based at least in part on a pixel value of sach pixal of the region of
pixels and the orientation of the target pixel.

13. The computing device of claim 12, further comprising:

a printhead; and

a print engine to operate the printhead to print the scaled digital image
anto a physical medium.

14.  The computing device of claim 12, further comprising:

a user interface device to culput the scaled digital image.

15.  The computing device of claim 12, wherein the region of pixels comprises
a three-pixel by three-pixel area having the target pixel in the center of the area.
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