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IMAGE DOWN-SCALING WITH PIXEL SETS SELECTED VIA BLUE NOISE SAMPLING

Technical Field

[0001] This disclosure relates generally transforming an input image to a lower resolution, or down-

scaled, image. More specifically, but not by way of limitation, this disclosure relates to down-scaling

images by selecting pixel sets via blue noise sampling.

Background

[0002] Image editing applications are often used to generate smaller images through down-scale
resampling. For instance, image editing applications have the ability to down-scale images by
transforming an input image into an output image with a reduced resolution. Down-scaling operations
inherently reduce the amount of information included in the output image as compared to the input image,
and are therefore prone to various artifacts, including blur, noise, and aliasing.

[0003] Existing down-scale resampling techniques involve a tradeoff between blur and aliasing,
which is often considered the least desired artifact as a result of resampling. In one example, nearest
neighbor resampling, which is one down-scale resampling technique, produces output images with
minimal blurring but with the high aliasing. In another example, As a result, techniques such as bi-linear
resampling and bi-cubic resampling produce down-scaled results with less aliasing but more blur (e.g., by
pre-filtering the input image before down-scale resampling). Thus, existing methods for image down-

scaling fail to generate down-scaled images with reduced blur and aliasing.

Summary

[0004] Certain embodiments involve down-scaling images by selecting pixel sets via blue noise
sampling. For example, a computing device uses a blue noise sampling operation to identify source
pixels from an input image defining respective pixel sets. Each pixel set is associated with a respective
weight matrix for a down-scaling operation. The blue noise sampling operation causes an overlap region
between first and second pixel sets. The computing device assigns an overlap pixel in the overlap region
to the first weight matrix based on the overlap pixel being closer to the first source pixel. The computing
device modifies the second weight matrix to exclude the overlap pixel from a portion of the down-scaling
operation involving the second weight matrix. The computing device generates a down-scaled image by
performing the down-scaling operation on the input image. Performing the down-scaling operation
involves combining the first pixel set into a first target pixel with the first weight matrix and combining
the second pixel set into a second target with the modified second weight matrix.

[0005] These illustrative embodiments are mentioned not to limit or define the disclosure, but to
provide examples to aid understanding thereof. Additional embodiments are discussed in the Detailed

Description, and further description is provided there.



Brief Description of the Drawings

[0006] Features, embodiments, and advantages of the present disclosure are better understood when
the following Detailed Description is read with reference to the accompanying drawings.

[0007] FIG. 1 depicts an example of an image processing computing system that performs down-
scale resampling of images using blue noise sampling, according to certain embodiments of the present
disclosure.

[0008] FIG. 2 depicts an example of a process for specifically down-scale resampling of images
using blue noise sampling, according to some embodiments of the present disclosure.

[0009] FIG. 3 depicts an example for down-scale resampling two adjacent pixel sets, according to
certain embodiments of the present disclosure.

[0010] FIG. 4 depicts an example of source pixels sclected based on a configurable degree of
randomness, according to certain embodiments of the present disclosure.

[0011] FIG. 5 depicts an example of an output of blue noise down-scaling techniques described
herein as compared to outputs from existing down-scale resampling techniques, according to certain
embodiments of the present disclosure.

[0012] FIG. 6 depicts an example of a computing system for implementing one or more

embodiments of the present disclosure.

Detailed Description

[0013] Certain embodiments involve down-scaling images by selecting pixel sets via blue noise
sampling. For instance, a down-scaling operation involves selecting multiple sets of pixels from an image
and combining color information from each set of pixels into a single target pixel. In a simplified
example, a 16 x 16 pixel image would be down-scaled to a 4 x 4 pixel image by identifying four sets 4 x
4 sets of pixels, each of which is defined with respect to a center pixel or other source pixel, and
combining each 4 x 4 pixel set into a respective target pixel. A down-scaling engine described herein
applies a blue noise sampling operation to randomly select, subject to certain restrictions, the source
pixels that define these image sets. Blue noise sampling operation ensures that the “random™ selection
still causes source pixels to be selected in a representative manner throughout the input image. The blue
noise sampling engine also performs various processing operations to ensure that overlap between pixel
sets does not cause the combination of color information from overlapping pixel sets to introduce
significant aliasing or other artifacts into the output image.

[0014] The following non-limiting example is provided to introduce certain embodiments. In an
example, an image processing system access an input image for down-scaling, such as an image having a
height of 6 pixels height and a width of 9 pixels. The image processing system identifies source pixels for
resampling by applying a blue noise sampling operation. The blue noise sampling operation randomly
selects source pixels that are distributed throughout the input image. For instance, the blue noise

sampling operation selects a first source pixel at location (3, 4) and a second source pixel at location (7,



3). Each source pixels defines a set of pixels that neighbor the source pixel. For instance, a first set of
pixels is encompassed by a 5 x 5 grid centered around the first source pixel and a second set of pixels is
encompassed by a 5 x 5 grid centered around the second source pixel. Since the blue noise sampling
operation is randomized, some of these pixel sets could overlap. In the current example, a pixel at
location (5, 6) would fall within both the 5 x 5 grid centered around the first source pixel and the 5 x 5
grid centered around the second source pixel, and would therefore be included in both pixel sets.

[0015] Continuing this example, a down-scaling operation used by the image processing system
involves applying a weight matrix to each pixel set. For instance, a weight matrix for a convolution
includes coefficients to be multiplied with pixels in a pixel set respectively. In the current example, a
given 5 x 5 pixel set would be combined, via down-scaling, using a 5 x 5 weight matrix. But, in cases
involving overlapping pixel sets, a pixel in the overlap region could be used in both a first convolution
involving the first weight matrix and a second convolution involving the second weight matrix, which
could introduce aliasing in an output image. To address this issue, the image processing system identifies
overlap pixels included in both the first pixel set and second pixel set. The image processing system
assigns, based on whether each overlap pixel is closer to the first source pixel or second source pixel,
each overlap pixel to either the first set of pixels or the second set of pixels.

[0016] Continuing this example, the image processing system modifies the weight matrix associated
with the first set of pixels to exclude pixels assigned to the second set of pixels, or vice versa. For
instance, a particular overlap pixel could correspond to coefficient x; in the first weight matrix and
coefficient x, in the second weight matrix. If the overlap pixel is assigned to the first pixel set, the image
processing system the second weight matrix by setting the coefficient x, to zero. Doing so causes the
overlap pixel to be excluded from a convolution operation involving the second pixel set, thereby
reducing aliasing in the down-scaled output image. The image processing system applies the down-
scaling operation by applying the first weight matrix to the first set of pixels and applying the second
weight matrix, as modified, to second set of pixels. The down-scaling operation outputs a first target
pixel computed from the first pixel set and a second target pixel computed from the second pixel set.
[0017] As used herein, the term “down-scaling operation” is used to refer to an image-processing
operation that is applied to an input image and thereby create an output image having a lower resolution
than the input image.

[0018] As used herein, the term “image” is used to refer to electronic data that visually depicts one
or more content items. Examples of an image include an electronic version of a photograph, one or more
frames of electronic video content, electronic graphical content generated or modified with drawing tools,
etc.

[0019] FIG. 1 depicts an example of an image processing computing system 100 that performs
down-scale resampling of images using blue noise sampling, according to some embodiments of the
present disclosure. In this example, the image processing computing system 100 executes a blue noise

down-scale resampling engine 110 that accesses an input image 112 and generates an output image 120



by down-scale resampling the input image 112. The blue noise down-scale resampling engine 110 uses
blue noise sampling to determine source pixels used to down-scale an image, modifies the down-scale
resampling algorithm to account for overlap regions caused by the blue noise sampling process, and
performs the down-scale resampling operation. The resulting output image 120 is displayed at a display
device 130.

[0020] The blue noise down-scale resampling engine 110 processes the input image 112 using a blue
noise sampling module 114. Blue noise sampling is a method for determining a random set of source
pixels to be used for the down-scale resampling operation, while ensuring that no source pixel is too close
to another source pixel. A down-scale resampling operation involves grouping the pixels of an image into
sets of pixels and, for each set of pixels, mathematically combining the color values within the set into
color value for a target pixel representing the set. In a simplified example involving an image of 16
pixels, the 16 pixels are grouped into four sets of pixels, and each pixel set is combined into a respective
target pixel such that the resulting down-scaled image has four target pixels.

[0021] A source pixel is a pixel selected to be the center pixel of a set of pixels of a down-scale
resampling operation, so that a mathematical operation can be applied to the set of pixels to calculate the
value of a single target pixel. The set of pixels around each source pixel is of a predetermined shape,
such as a grid, such that the same operation can be performed on each set of pixels. Blue noise sampling
creates a set of source pixels that are randomly determined, but with a degree of uniformity throughout
the image. In some embodiments, this blue noise sampling operation can ensure that no source pixel is
below a predetermined threshold in distance to another source pixel.

[0022] The blue noise sampling module 114 provides data identifying the selected source pixels to
an overlap region processing module 116. Because the source pixels are selected at random, the regions
surrounding each source pixel that will be processed through the down-scale resampling operation can
overlap with the surrounding regions of adjacent source pixels. For example, two source pixels can be
randomly selected such that a pixel lies within the grid surrounding both source pixels. If the down-scale
resampling operation were to be performed without adjustment, the data from that pixel would be used in
the calculation of to two different target pixels, causing that pixel to be weighted more heavily than pixels
that are only found in the grid of a single source pixel. In these cases, an adjustment must be made to the
down-scale resampling algorithm so that each pixel is only used by the down-scale resampling operation
associated with one source pixel.

[0023] The overlap region processing module 116 provides, to the down-scale resampling module
118, information for accounting for overlap regions in the down-scale resampling operation. The down-
scale resampling module 118 performs the down-scale resampling operation. The down-scale resampling
module uses a kernel, or weight matrix, to perform the down-scale resampling by applying the weight
matrix to the set of pixels to calculate target pixels in a convolution operation. The result is an output

image 120, which can be displayed on a display device 130.



[0024] FIG. 2 illustrates an example of a process 200 for specifically down-scale resampling of
images using blue noise sampling, according to some embodiments of the present disclosure. A
processing device is illustrated as implementing the operations of the process 200. Instructions for
performing the operations of the illustrative flow can be stored as computer-readable instructions on a
computer-readable medium of the blue noise down-scale resampling engine 110. A computer-readable
medium may include non-transitory type media such as physical storage media including storage discs
and solid state devices. A computer readable medium may also or alternatively include transient media
such as carrier signals and transmission media. A computer-readable storage medium is defined herein as
a non-transitory memory device. A memory device includes memory space within a single physical
storage device or memory space spread across multiple physical storage devices. As stored, the
instructions represent programmable modules (e.g., the blue noise sampling module 114 and the overlap
region processing module 116) that include code or data executable by one or more processing devices.
The execution of such instructions configures the blue noise down-scale resampling engine 110 to
perform the specific operations shown in the figures and described herein. Each programmable module in
combination with the processor represents a means for performing a respective operation. While the
operations are illustrated in a particular order, it should be understood that no particular order is necessary
and that one or more operations may be omitted, skipped, reordered, or some combination thereof.

[0025] At operation 202, where the blue noise down-scale resampling engine 110 accesses input
image data. The input image data could be an input image 112 or image data derived from the input
image 112. For example, the blue noise down-scale resampling engine 110 configures one or more
processing devices to retrieve the input image data from a non-transitory storage medium. The non-
transitory storage medium can be local to the image processing computing system 100 or remotely
accessible via one or more data networks.

[0026] At operation 204, the blue noise down-scale resampling engine 110 determines, from the
image data, source pixels that are in turned used to determine pixel sets for down-scale resampling. In
image processing, blue noise refers to random sample sets that have uniform distributions. For example,
the blue noise down-scale resampling engine 110 can perform bilateral blue noise sampling and thereby
obtain source pixels that are random but are located uniformly throughout the image. The blue noise
down-scale resampling engine determines a number of pixels surrounding each source pixel as a pixel set
associated with the source pixel. The size of the weight matrix determines the size of the pixel set and the
degree of down-scale resampling achieved in a single operation.

[0027] FIG. 3 illustrates an example for down-scale resampling two adjacent pixel sets. In this
example, the blue noise sampling module 114 selected a first source pixel 302 and a second source pixel
304. A first weight matrix 322 A first weight matrix 322 and a second weight matrix 324 have been
overlayed over their respective source pixels. In this example, the matrix size (kernel) is 5 x 5. Pixels
within each weight matrix represent the pixels contained within each respective pixel set. As a result of

the blue noise sampling, the location of the first source pixel 302 and the second source pixel 314 are



close enough such that there are pixels that are part of both pixel sets, creating an overlap region. In this
example, pixels 332-338 are within the overlap region.

[0028] Returning to FIG. 2, at operation 206, the blue noise down-scale resampling engine 110
assigns any pixels in the overlap region to a single pixel set. The blue noise down-scale resampling
engine 110 associates each pixel the closest source pixel for each pixel in the overlap region. The
association ensures that each pixel only contributes to the down-scale resampling operation once, so as
not to allow the values of pixels in the overlap region to be overrepresented in the down-scaled image.
This assignment identifies the weight matrix that needs to be modified in order to prevent a pixel from
contributing to that portion of the down-scale resampling operation

[0029] As in example, in FIG. 3, line 312 represents the division wherein the first source pixel 302 is
the closest source pixels for all pixels to the left of line 312 and the second source pixel 304 is the closest
source pixel for all pixels to the right of line 312. Pixels 332 and 334 are closer to the first source pixel
302 and pixels 336 and 338 are closer to the second source pixel 304. Thus, pixels 332 and 334 should
not contribute to the down-scale resampling operation performed on the second pixel set, and pixels 336
and 338 should not contribute to the down-scale resampling operation of the first pixel set.

[0030] Returning to FIG. 2, at operation 208, the blue noise down-scale resampling engine 110
modifies each weight matrix so that any pixels in the overlap region that should not contribute to the
down-scale resampling operation of the pixel set are excluded from contributing to the down-scale
resampling calculation. For instance, the blue noise down-scale resampling engine 110 modifies each

weight matrix based on the following:

E(Si» Sj) = dp(pi; Pj) ©d, (Wi,W]-) , where

iy W W) 2 Wi Wi
k

[0031] E (si, S}-) is the bilateral energy combining position p with filter weights W. In this formula, k
is the weight matrix index, and 6 is the difference in relative position calculated in operation 206. The
engine then modifies the weight matrix to minimize E (si, Sj).
[0032] As an example, let § = (1, 0) for two adjacent pixels i and j with j to the right of i. Let:

1 0 0 0 0 1

W;=10 1 0| and Wy=11 0 0

0 0 1 0 1 0

[0033] As the sample positions are predetermined by the blue noise sampling module 114,

minimizing E (si, S}-) means minimizing d,, (W, W}) For W; and W; above, d,, (W, W]) = 2. In this

0 0 1

example, WW; is modified such that W; = [0 1 0| The modification results in d,, (W}, W}) = 0, thus
1 0 0

minimizing E(s;, s;).

[0034] In some embodiments the blue noise down-scale resampling engine 110 can minimize

E (si, S]-) using a combination of phase group sampling and multi-class blue noise sampling. An example



of phase group sampling is described in Li-Y1 Wei, “Parallel Poisson Disk Sampling,” ACM Trans.
Graph. 27, 3, Article 20 (Aug. 2008), which is incorporated by reference herein. An example of multi-
class blue noise sampling is described in Li-Yi Wei, “Multi-class Blue Noise Sampling,” ACM Trans.
Graph. 29, 4, Article 79 (July 2010), which is incorporated by reference herein.

[0035] With same-shaped kernels, for all i in W;, d,, (W, W}-)becomes 0 if each source sample is
collected by no more than one target sample. Additionally, each source sample should be collected by at
least one target sample to avoid waste. By minimizing E (si, S]-), the blue noise down-scaling resampling
engine 110 connects each source sample to exactly one target sample within its neighborhood defined by
the shape of the filter W

[0036] Under regular sampling such as pixel grid and finite filter kernel size, there is a finite number
of 8; = p; — p;j between a source sample s; and target sample s;, with the number determined by the filter
W size and shape. The blue noise-downscale resampling engine 110 can thus assign a unique class id for
each source sample s; indicating which W;; = 1 with the rest of W; = 0. There is a finite number of
classes, for which targets sampling the same class of sources have non-overlapping kernel sizes, similar to
the phase groups in [Wei 2008] (see Figure 3 in Wei 2008). The blue noise down-scale resampling engine
can then optimize the distributions of these groups using the discrete multi-class blue noise solver in [Wei
2010] (see Figure 11 in Wei 2010).

[0037] Due to the symmetry of § between any given pair of samples, blue noise source view as
achieved above also implies blue noise target view. Specifically, two nearby target samples are likely to
have different/decorrelated W, and each W is like to have irregular structures due to the stochastic nature
of [Wei 2010]. This method minimizes d,, (W}, W]) with blue noise distributions of the binary kernel W
weights for all source/target samples.

[0038] For example, in FIG. 3, the blue noise down-scale resampling engine 110 modifies the first
weight matrix 322 so that pixels 336 and 338 do not contribute to the convolution operation of the first
pixel set using the first weight matrix. Similarly, the blue noise down-scale resampling engine 110
modifies the second weight matrix 324 so that pixels 332 and 334 do not contribute to the convolution
operation of the second pixel set using the second weight matrix.

[0039] Returning to FIG. 2, at operation 210, the blue noise down-scale resampling engine 110
performs a down-scale resampling operation by applying a set of weight matrices that include modified
weight matrices to the image. The blue noise down-scale resampling engine performs a convolution
operation for each weight matrix associated with each source pixel by adding each pixel in a set of pixels,
weighted by the kernel. Specifically, convolution includes flipping both the rows and columns of the
kernel, multiplying the corresponding pixel, and summing the result of each multiplication. The result of
the down-scale resampling operation is the value for a single target pixel. For example, the following

matrices represent a set of pixels and a weight matrix of size 3 x 3:



a b c 1 2 3
EiEEY
g h i 7 8 9

[0040] The first matrix, m, , with values a through i that respectively represent the respective color
values for pixels. In this example, e represents value of the source pixel, and pixels a-d and pixels f-i
represents the values of surrounding pixels. The second matrix, m,, represents a 3 x 3 weight matrix. A
convolution operation would create the following result in the following multiplication and summation of
values:
my*m, = (ix1) + (hx2)+ (@gx3)+ (x4 +(ex5)+ ({@dx6)+ (cx7)+ (hbx8)
+ (ax9)
The convolution operation performed for each source pixels results in a set of target pixels that represents
the down-scaled image.
[0041] In some embodiments, the distribution of source pixels can have a configurable degree of
randomness between a regular grid and a blue noise distribution. FIG. 4 provides an example of source
pixels selected based on a configurable degree of randomness. In FIG. 4, diagrams 402-410 represent
examples of source pixels that have been identified by the blue noise sampling module 114 that has been
configured to varying degrees of randomness. The degrees of randomness can range from regular grid
sampling 402 to a full blue noise distribution 410. The remaining distribution of source pixels 404-408
represent levels of randomness in between the regular grid and blue noise sampling. In some
embodiments, the blue noise sampling module 114 receives an addition parameter as input. This
parameter is used to determine the level of randomness of the samples selected. This allows a sample that
has uniform distribution but a level of randomness less than that of a true blue noise sample. In some
embodiments, this can be achieved by interpolating sample positions between a regular grid and blue
noise distribution. For example, regular grid sampling 402 can be achieved by interpolating the blue
noise distribution with the regular grid distribution with a weight of 0. Blue noise sampling 410 can be
achieved by giving the blue noise sampling a weight of 1. Results 404, 406, and 408 can be achieved by
increasing the weight with increasing values between 0 and 1. In additional or alternative embodiments,
this can be achieved by ensuring each sample is of at least a threshold distance for all other samples. At
the maximum threshold distance, the sample would be equivalent to a regular grid sample. By adjusting
the threshold distance down from the maximum, varying degrees of randomness could be achieved.
[0042] Additionally, diagrams 422-430 represent the Voronoi regions of the source pixels identified
in corresponding diagrams 402-410. A Voronoi region is, for a given set of points, in his case, the set of
source pixels, the region that encompasses all points that are closer to the point within the given set than
any other point within the given set. Thus any other pixels (not shown) within each Voinoi region would
be associated with the pixel set of the source pixel within that region.
[0043] For example, in FIG. 3, line 312 would also represent the edge of the Voronoi region between
the first source pixel and the second source pixel. Pixels to the left of line 312 are within the Voronoi

region of the first source pixel 302 because all points to the left of line 312 are closer to the first source

8



pixel 302. Similarly, all pixels to the right of line 312 are within the Voronoi region of the second source
pixel 304 because all points to the right of line 312 are closer to the second source pixel 304.

[0044] Examples of Experimental Results

[0045] FIG. 5 depicts an example of an output of a blue noise down-scale resampling engine 110, as
described herein, compared to outputs from existing down-scale resampling techniques. In each case, the
system generated an output image of 256 x 256 from an original image 510 of size 1024 x 1024 using
different filter radii. Results in row 502 used a filter radius of 0.006 times the original input size, row 504
used a 5 x 5 kernel, and row 506 used a 3 x 3 kernel. But other radii and kernels sizes can be used.
Column 512 used nearest neighbor sampling, column 514 used uniform weights, column 516 used
random (white noise) sampling, and column 518 used blue noise sampling.

[0046] Example of a computing system for implementing certain embodiments

[0047] Any suitable computing system or group of computing systems can be used for performing
the operations described herein. For example, FIG. 6 depicts an example of the computing system 600.
The implementation of computing system 600 could be used for an image processing computing system
100.

[0048] The depicted example of a computing system 600 includes a processor 602 communicatively
coupled to one or more memory devices 604. The processor 602 executes computer-executable program
code stored in a memory device 604, accesses information stored in the memory device 604, or both.
Examples of the processor 602 include a microprocessor, an application-specific integrated circuit
(“ASIC”), a field-programmable gate array (“FPGA”), or any other suitable processing device. The
processor 602 can include any number of processing devices, including a single processing device.

[0049] The memory device 604 includes any suitable non-transitory computer-readable medium for
storing program code 615, program data 616, or both. A computer-readable medium can include any
electronic, optical, magnetic, or other storage device capable of providing a processor with computer-
readable instructions or other program code. Non-limiting examples of a computer-readable medium
include a magnetic disk, a memory chip, a ROM, a RAM, an ASIC, optical storage, magnetic tape or
other magnetic storage, or any other medium from which a processing device can read instructions. The
instructions may include processor-specific instructions generated by a compiler or an interpreter from
code written in any suitable computer-programming language, including, for example, C, C++, C#,
Visual Basic, Java, Python, Perl, JavaScript, and ActionScript.

[0050] The computing system 600 may also include a number of external or internal devices, such as
input or output devices. For example, the computing system 600 is shown with one or more input/output
(“T/0”) interfaces 608. An I/O interface 608 can receive input from input devices or provide output to
output devices, such as a presentation device 612. One or more buses 606 are also included in the
computing system 600. The bus 606 communicatively couples one or more components of a respective

one of the computing system 600.



[0051] The computing system 600 executes program code 615 that configures the processor 602 to
perform one or more of the operations described herein. Examples of the program code 615 include, in
various embodiments, the blue noise down-scaling engine 110 or other suitable applications that perform
one or more operations described herein. The program code may be resident in the memory device 604 or
any suitable computer-readable medium and may be executed by the processor 602 or any other suitable
processor.

[0052] The computing system 600 can access program data 616 (e.g., an input image 112) in any
suitable manner. In some embodiments, one or more of these data sets, models, and functions are stored
in the same memory device (e.g., one of the memory devices 604). In additional or alternative
embodiments, one or more of the programs, data sets, models, and functions described herein are stored
in different memory devices 604 accessible via a data network.

[0053] The computing system 600 also includes a network interface device 610. The network
interface device 610 includes any device or group of devices suitable for establishing a wired or wireless
data connection to one or more data networks 614. Non-limiting examples of the network interface device
610 include an Ethernet network adapter, a modem, etc. The computing system 600 is able to
communicate with one or more other computing devices via a data network 614 using the network
interface device 610. Examples of the data network 614 include, but are not limited to, the internet, a
local area network, a wireless area network, a wired area network, a wide area network, and the like.
[0054] In some embodiments, the computing system 600 also includes the presentation device 612
depicted in FIG. 6. A presentation device 612 can include any device or group of devices suitable for
providing visual, auditory, or other suitable sensory output (e.g., display device 130). Non-limiting
examples of the presentation device 612 include a touchscreen, a monitor, a speaker, a separate mobile
computing device, etc. In some aspects, the presentation device 612 can include a remote client-
computing device that communicates with the computing system 600 using one or more data networks
described herein. Other aspects can omit the presentation device 612.

[0055] General Considerations

[0056] Thus, from one perspective, there has now been described a computing device which uses a
blue noise sampling operation to identify source pixels from an input image defining respective pixel sets.
Each pixel set is associated with a respective weight matrix for a down-scaling operation. The blue noise
sampling operation causes an overlap region between first and second pixel sets. The computing device
assigns an overlap pixel in the overlap region to the first weight matrix based on the overlap pixel being
closer to the first source pixel. The computing device modifies the second weight matrix to exclude the
overlap pixel from a portion of the down-scaling operation involving the second weight matrix. The
computing device performs the down-scaling operation on the input image by combining the first pixel
set into a first target pixel with the first weight matrix and combining the second pixel set into a second

target with the modified second weight matrix.
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[0057] Numerous specific details are set forth herein to provide a thorough understanding of the
claimed subject matter. However, those skilled in the art will understand that the claimed subject matter
may be practiced without these specific details. In other instances, methods, apparatuses, or systems that
would be known by one of ordinary skill have not been described in detail so as not to obscure claimed
subject matter.

[0058] Unless specifically stated otherwise, it is appreciated that throughout this specification

2 <c

discussions utilizing terms such as “processing,” “computing,” “calculating,” “determining,” and
“identifying” or the like refer to actions or processes of a computing device, such as one or more
computers or a similar electronic computing device or devices, that manipulate or transform data
represented as physical electronic or magnetic quantities within memories, registers, or other information
storage devices, transmission devices, or display devices of the computing platform.

[0059] The system or systems discussed herein are not limited to any particular hardware
architecture or configuration. A computing device can include any suitable arrangement of components
that provide a result conditioned on one or more inputs. Suitable computing devices include multi-
purpose microprocessor-based computer systems accessing stored software that programs or configures
the computing system from a general purpose computing apparatus to a specialized computing apparatus
implementing one or more embodiments of the present subject matter. Any suitable programming,
scripting, or other type of language or combinations of languages may be used to implement the teachings
contained herein in software to be used in programming or configuring a computing device.

[0060] Embodiments of the methods disclosed herein may be performed in the operation of such
computing devices. The order of the blocks presented in the examples above can be varied—for example,
blocks can be re-ordered, combined, and/or broken into sub-blocks. Certain blocks or processes can be
performed in parallel.

[0061] The use of “adapted to” or “configured to” herein is meant as open and inclusive language
that does not foreclose devices adapted to or configured to perform additional tasks or steps.
Additionally, the use of “based on” is meant to be open and inclusive, in that a process, step, calculation,
or other action “based on” one or more recited conditions or values may, in practice, be based on
additional conditions or values beyond those recited. Headings, lists, and numbering included herein are
for ease of explanation only and are not meant to be limiting.

[0062] While the present subject matter has been described in detail with respect to specific
embodiments thereof, it will be appreciated that those skilled in the art, upon attaining an understanding
of the foregoing, may readily produce alterations to, variations of, and equivalents to such embodiments.
Accordingly, it should be understood that the present disclosure has been presented for purposes of
example rather than limitation, and does not preclude the inclusion of such modifications, variations,
and/or additions to the present subject matter as would be readily apparent to one of ordinary skill in the

art.
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Claims

1. A method that includes one or more processing devices performing operations comprising:
accessing an input image from a memory device;
transforming the input image into a down-scaled image, wherein transforming the input image
comprises:
identifying, by applying a blue noise sampling operation to the input image, a first source
pixel defining a first set of pixels and a second source pixel defining a second set of pixels,
wherein the blue noise sampling operation causes an overlap region between the first set of pixels
and the second set of pixels, wherein the first set of pixels is associated with a first weight matrix
for a down-scaling operation and the second set of pixels is associated with a second weight
matrix for the down-scaling operation,
assigning an overlap pixel in the overlap region to the first weight matrix based on the
overlap pixel being closer to the first source pixel than the second source pixel,
modifying the second weight matrix such that the overlap pixel is excluded from a
portion of the down-scaling operation associated with the second weight matrix, and
performing the down-scaling operation by combining the first set of pixels into a first
target pixel based on the first weight matrix and combining the second set of pixels into a second
target pixel based on the second weight matrix as modified; and,
causing a presentation device to output the down-scaled image for display, wherein the down-

scaled image is outputted by the down-scaling operation.

2. The method of claim 1, wherein applying the blue noise sampling operation further comprises:
receiving a parameter indicating a degree of randomness for the blue noise sampling operation,

modifying the blue noise sampling operation based on the parameter.

3. The method of claim 2, wherein the blue noise sampling operation maintains a distance between
the first source pixel and the second source pixel that exceeds a threshold distance, wherein the parameter

comprises the threshold distance.

4. The method of any preceding claim, wherein performing the down-scaling operation further
comprises performing (i) a first convolution operation with the first weight matrix and the first set of
pixels and (ii) a second convolution operation with the second weight matrix, as modified, and the second

set of pixels.
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5. The method of claim 4, wherein the second convolution operation comprises (i) performing
second multiplications of values in the second weight matrix, as modified, with respective color values

from pixels in the second set of pixels and (ii) summing the second multiplications.

6. The method of any preceding claim, wherein modifying the second weight matrix further
comprises:

determining a bilateral energy based on a position of the first source pixel, a position of the
second source pixel, the first weight matrix, and the second weight matrix;

modifying the second weight matrix to minimize the bilateral energy.

7. The method of claim 6, wherein minimizing the bilateral energy comprises minimizing a

difference between the first weight matrix and the second weight matrix for the overlap pixel.

8. A system comprising:
a processing device; and
a computer-readable medium communicatively coupled to the processing device,
wherein the processing device is configured to execute program code stored in the computer-
readable medium and thereby perform operations comprising:
accessing an input image from a memory device;
transforming the input image into a down-scaled image, wherein transforming the input
image comprises:
identifying, by applying a blue noise sampling operation to the input image, a
first source pixel defining a first set of pixels and a second source pixel defining a second
set of pixels, wherein the blue noise sampling operation causes an overlap region
between the first set of pixels and the second set of pixels, wherein the first set of pixels
is associated with a first weight matrix for a down-scaling operation and the second set of
pixels is associated with a second weight matrix for the down-scaling operation,
assigning an overlap pixel in the overlap region to the first weight matrix based
on the overlap pixel being closer to the first source pixel than the second source pixel,
modifying the second weight matrix such that the overlap pixel is excluded from
a portion of the down-scaling operation associated with the second weight matrix, and
performing the down-scaling operation by combining the first set of pixels into a
first target pixel based on the first weight matrix and combining the second set of pixels
into a second target pixel based on the second weight matrix as modified; and,
causing a presentation device to output the down-scaled image for display, wherein the

down-scaled image is outputted by the down-scaling operation.

13



9. The system of claim 8, wherein applying the blue noise sampling operation further comprises:
receiving a parameter indicating a degree of randomness for the blue noise sampling operation,

modifying the blue noise sampling operation based on the parameter.

10. The system of claim 9, wherein the blue noise sampling operation maintains a distance between
the first source pixel and the second source pixel that exceeds a threshold distance, wherein the parameter

comprises the threshold distance.

11. The system of any of claims 8 to 10, wherein performing the down-scaling operation further
comprises performing (i) a first convolution operation with the first weight matrix and the first set of
pixels and (ii) a second convolution operation with the second weight matrix, as modified, and the second

set of pixels.

12. The system of claim 11, wherein the second convolution operation comprises (i) performing
second multiplications of values in the second weight matrix, as modified, with respective color values

from pixels in the second set of pixels and (ii) summing the second multiplications.

13. The system of any of claims 8 to 12, wherein modifying the second weight matrix further
comprises:

determining a bilateral energy based on a position of the first source pixel, a position of the
second source pixel, the first weight matrix, and the second weight matrix;

modifying the second weight matrix to minimize the bilateral energy.

14. The system of claim 13, wherein minimizing the bilateral energy comprises minimizing a

difference between the first weight matrix and the second weight matrix for the overlap pixel.

15. A computer-readable medium having program code that is stored thereon, the program code
executable by one or more processing devices for performing operations comprising:
accessing an input image from a memory device;
transforming the input image into a down-scaled image, wherein transforming the input image
comprises:
identifying, by applying a blue noise sampling operation to the input image, a first source
pixel defining a first set of pixels and a second source pixel defining a second set of pixels,
wherein the blue noise sampling operation causes an overlap region between the first set of pixels
and the second set of pixels, wherein the first set of pixels is associated with a first weight matrix
for a down-scaling operation and the second set of pixels is associated with a second weight

matrix for the down-scaling operation,
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assigning an overlap pixel in the overlap region to the first weight matrix based on the
overlap pixel being closer to the first source pixel than the second source pixel,

modifying the second weight matrix such that the overlap pixel is excluded from a
portion of the down-scaling operation associated with the second weight matrix, and

performing the down-scaling operation by combining the first set of pixels into a first
target pixel based on the first weight matrix and combining the second set of pixels into a second
target pixel based on the second weight matrix as modified; and,
causing a presentation device to output the down-scaled image for display, wherein the down-

scaled image is outputted by the down-scaling operation.

16. The computer-readable medium of claim 15, wherein applying the blue noise sampling operation
further comprises:
receiving a parameter indicating a degree of randomness for the blue noise sampling operation,

modifying the blue noise sampling operation based on the parameter.

17. The computer-readable medium of claim 16, wherein the blue noise sampling operation maintains
a distance between the first source pixel and the second source pixel that exceeds a threshold distance,

wherein the parameter comprises the threshold distance.

18. The computer-readable medium of any of claims 15 to 17, wherein performing the down-scaling
operation further comprises performing (i) a first convolution operation with the first weight matrix and
the first set of pixels and (ii) a second convolution operation with the second weight matrix, as modified,

and the second set of pixels.

19. The computer-readable medium of claim 18, wherein the second convolution operation comprises
(i) performing second multiplications of values in the second weight matrix, as modified, with respective

color values from pixels in the second set of pixels and (ii) summing the second multiplications.

20. The computer-readable medium of any of claims 15 to 19, wherein modifying the second weight
matrix further comprises:

determining a bilateral energy based on a position of the first source pixel, a position of the
second source pixel, the first weight matrix, and the second weight matrix;

modifying the second weight matrix to minimize the bilateral energy, wherein minimizing the
bilateral energy comprises minimizing a difference between the first weight matrix and the second weight

matrix for the overlap pixel.
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