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SCANNING ORDERS FOR NON-TRANSFORM CODING

BACKGROUND
[0001] Video compression techniques are utilized to efficiently delivery and store
video content. These techniques generally seek to reduce the amount of data that
represents the video content. In one example, a video frame is divided into blocks of
pixels (e.g., coding units) that are subjected to various coding techniques, such as
prediction, transform, quantization, and entropy coding. During coding of a block of
pixels, a scanning process may be performed on a two-dimensional array of data
associated with the block (e.g., transform coefficients) to rearrange the data into a one-
dimensional array that is subjected to entropy coding. The scanning process may be
performed according to a particular order (e.g., horizontal, zig-zag, vertical, etc.) to
arrange particular data (e.g., non-zero coefficients) at one end of the one-dimensional

array.

SUMMARY
[0002] This disclosure is directed to coding non-transform blocks of video content
according to an optimum scanning order. In some implementations, an encoder or
decoder may perform a scanning process during coding to change a two-dimensional
array of data associated with a block of pixels into a one-dimensional array of data, or
vice-versa. The scanning process may be performed according to an order (e.g.,
horizontal, vertical, zig-zag, etc.) to rearrange the data for entropy coding. When a

coding block that has been transformed is to be coded, the encoder or decoder may
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utilize a particular scanning order. When a block that has not been transformed is to
be coded (e.g., a non-transform block, a block associated with non-transform coding,
etc.), the encoder or decoder may selectively change the particular scanning order to a
different order. For example, if the non-transform block is associated with a particular
type of prediction, the scanning order may be changed to a different order. In another
example, if the non-transform block has a size that is smaller than a predetermined
size (e.g., an 8x8 block, a 16x16 block, etc.), the scanning order may be changed to a
different order.

[0003] This Summary 1s provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key or essential features of the claimed subject

matter, nor is it intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] The detailed description is set forth with reference to the accompanying
figures. In the figures, the left-most digit(s) of a reference number identifies the figure
in which the reference number first appears. The use of the same reference numbers
in different figures indicates similar or identical items or features.
[0005] FIG. 1 illustrates an example architecture to code non-transform blocks of
video content by selectively changing a scanning order.
[0006] FIG. 2 illustrates example details of an encoder of FIG. 1.

[0007] FIG. 3 illustrates example details of a decoder of FIG. 1.
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[0008] FIGS. 4A-4B illustrate example scanning orders that may be utilized to scan
a block.
[0009] FIG. 5 illustrates an example process to code non-transform blocks of video

content by selectively changing a scanning order.

DETAILED DESCRIPTION

[0010] Video content generally includes a series of frames with duplicative
information in a single frame or across multiple frames. In order to reduce an amount
of duplicative information, various coding (e.g., compression) techniques may be
implemented to decrease a number of bits used to represent the video content, such as
prediction, transform, quantization, and entropy coding. While performing the coding
techniques (e.g., before or during entropy coding), a scanning process may be
performed to change a two-dimensional array of data associated with a block of pixels
into a one-dimensional array of data, or vice-versa. The scanning process may be
performed according to a particular order (e.g., horizontal, vertical, zig-zag, etc.) in an
attempt to arrange particular types of data (e.g., non-zero transform coefficients) at
one end of the one-dimensional array. However, a uniform scanning order for all
types of blocks may lead to undesired results, such as the sporadic distribution of
particular types of data in the one-dimensional array.

[0011] This disclosure is directed to coding non-transform blocks of video content
according to an optimum scanning order. In some instances, a scanning order that
may otherwise be used to scan a non-transform block may be selectively changed to a

different order based on information associated with the non-transform block (e.g., a
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prediction mode and/or size of the block). This may allow particular types of data
associated with the block to be efficiently arranged during scanning and/or to avoid
unnecessarily introducing complexity due to changing scanning order.

[0012] In some implementations, an encoder or decoder may code a block through
prediction, quantization, and/or entropy coding without transforming the block. This
type of block may be referred to as a “non-transform block.” In such instances, the
encoder or decoder may determine whether or not to change a scanning order of a
scanning process that 1s performed during coding. For example, the encoder or
decoder may determine whether to scan the non-transform block according to a
scanning order that is used for blocks that have been transformed (referred to as
“transformed blocks™) or whether to scan the non-transform block according to a
different order.

[0013] To illustrate, if the non-transform block 1s associated with a particular type
of prediction (e.g., intra-prediction), the non-transform block may be scanned
according to a different order than that used for scanning transformed blocks. In
another example, if the non-transform block has a size that is smaller than a
predetermined size (e.g., an 8x8 block, a 16x16 block, etc.), the non-transform block
may be scanned according to a different order than that used for scanning transformed
blocks.

[0014] In either case, the non-transform block may be scanned according to an
optimum scanning order. For instance, a two-dimensional array of data of the non-

transform block (e.g., residual information) may be scanned in a particular order to
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generate a one-dimensional array of data. The one-dimensional array may then be
subjected to entropy coding.

[0015] While many of the coding techniques are described herein in the context of
the High Efficiency Video Coding (HEVC) standard, these techniques may similarly
apply to other standards, such as the Advanced Video Coding (AVC) standard, and so
on.

[0016] This brief introduction is provided for the reader’s convenience and is not
intended to limit the scope of the claims, nor the following sections. Furthermore, the
techniques described in detail below may be implemented in a number of ways and in
a number of contexts. One example implementation and context is provided with
reference to the following figures, as described below in more detail. It is to be
appreciated, however, that the following implementation and context is but one of

many.

EXAMPLE ARCHITECTURE

[0017] FIG. 1 illustrates an example architecture 100 to code a non-transform block
according to a particular scanning order. Here, the coding techniques are described in
the context of a video content source 102 that encodes (e.g., compresses) video
content and sends the encoded video content to a device 104. For example, the video
content source 102 may encode video content by selectively changing a scanning
order utilized to scan blocks. The encoded video may be sent to the device 104 over a
network(s) 106, where the video content is decoded by selectively changing a

scanning order. Although video encoding and decoding techniques are discussed
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herein as being performed on separate devices (e.g., the video content source 102 and
the device 104), the encoding and/or decoding may be performed on the same device
or distributed across devices in a distributed computing environment.

[0018] The video content source 102 and/or the device 104 may be implemented as
any type of computing device, such as a server, a laptop computer, a desktop computer,
a smart phone, an electronic reader device, a mobile handset, a personal digital
assistant (PDA), a portable navigation device, a portable gaming device, a game
console, a tablet computer, a smart watch, a portable media player, a set top box, and
the like. In one example, the video content source 102 and/or the device 104 is
configured in a cluster, data center, cloud computing environment, or a combination
thereof. To illustrate, the video content source 102 may operate as a cloud computing
device that provides cloud services, such as storage, processing, and so on. A cloud
environment may comprise a network-distributed environment that includes one or
more types of computing resources (e.g., computing, networking, and/or storage
devices).

[0019] The video content source 102 may be equipped with one or more network
interfaces 108, one or more processors 110, and memory 112. The one or more
processors 110 may include a central processing unit (CPU), a graphics processing
unit (GPU), a microprocessor, a digital signal processor, and so on. The memory 112
may be configured to store one or more software and/or firmware modules, which are
executable on the one or more processors 110 to implement various functions. The
term “module” is intended to represent example divisions of the software for purposes

of discussion, and is not intended to represent any type of requirement or required
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method, manner or organization. Accordingly, while various “modules” are discussed,
their functionality and/or similar functionality could be arranged differently (e.g.,
combined into a fewer number of modules, broken into a larger number of modules,
etc.). Further, while certain functions and modules are described herein as being
implemented by software and/or firmware executable on a processor, in other
embodiments, any or all of the modules may be implemented in whole or in part by
hardware (e.g., as an ASIC, a specialized processing unit, etc.) to execute the
described functions.

[0020]  As illustrated in FIG. 1, the memory 112 may include an encoder 114 (e.g.,
encoder module) configured to encode (e.g., compress) video content 116. The
encoder 114 may apply various encoding techniques, such as prediction, transform,
quantization, and/or entropy coding to generate a bitstream that represents video
content. While performing the encoding techniques (e.g., before or during entropy
coding), a scanning process may be performed according to a scanning order in an
attempt to arrange data that represents a block of pixels in a particular order. The
encoder 114 may change the scanning order for non-transform blocks that satisfy one
or more criteria, such as being associated with a particular type of prediction (e.g.,
intra-prediction) and/or having a particular size (e.g., a size that i1s smaller than 8x8
block, 16x16 block, 32x32 block etc.). For example, in order to scan a particular non-
transform block, the encoder 114 may change a scanning order from a first scanning
order 118 that is associated with transform blocks to a second scanning order 120.

Further details of the encoder 114 are discussed below in reference to FIG. 2.
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Although not illustrated in FIG. 1, the memory 112 may also include a decoder
configured to decode video content.

[0021] The device 104 is equipped with one or more network interfaces 122, one or
more processors 124, and memory 126. The one or more processors 124 may include
a central processing unit (CPU), a graphics processing unit (GPU), a microprocessor,
a digital signal processor, and so on. The memory 126 may be configured to store one
or more software and/or firmware modules, which are executable on the one or more
processors 124 to implement various functions. For example, the memory 126 may
include a decoder 128 (e.g., decoder module) configured to decode video content 130
that is received from the video content source 102 and/or a different source. The
decoder 128 may generally decode a bitstream representing video content by
performing operations that are substantially the inverse of the encoding operations.
While decoding video content, the decoder 128 may change a scanning order for non-
transform blocks that satisfy one or more criteria, such as being associated with a
particular type of prediction (e.g., intra-prediction) and/or having a particular size (e.g.,
a size that is smaller than 8x8 block). Although not illustrated in FIG. 1, the memory
126 may also include an encoder configured to encode video content.

[0022] The encoder 114 and/or decoder 128 may generally perform coding
techniques on a coding unit (CU) (also referred to as a coding block (CB)),
macroblock, or other type of coding structure. For ease of discussion, the coding
techniques may be discussed in the context of coding units. Each coding unit may
correspond to a block of pixels of an image. A coding unit may have a predetermined

pixel dimension (e.g., 4x4, 8x8, 16x16, 32x32, 64x64, etc.) and/or may be defined by
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a video compression standard, such as H.264/Advanced Video Coding (AVC) or High
Efficiency Video Coding (HEVC). In some instances, a coding unit is represented as
one or more prediction units or one or more transform units as the coding unit is coded.
That is, when prediction is performed, the coding unit may be represented by one or
more prediction units (PUs) (also referred to as prediction blocks). Meanwhile, when
a transform is performed, the coding unit may be represented by one or more
transform units (TUs) (also referred to as transform blocks). A prediction unit and/or
transform unit may be a sub-unit of a coding unit. As such, in some instances a
coding unit may be split into sub-units and coding operations may be performed on
the sub-units individually (e.g., a scanning process may be performed on a transform
unit that 1s a sub-unit of a coding unit).

[0023] Although the encoder 114 and decoder 128 are illustrated in FIG. 1 as being
implemented as modules, the encoder 114 and/or decoder 128, or any associated
operation, may be implemented as one or more hardware logic components, such as
Field-Programmable Gate Arrays (FPGAs), Application-Specific Integrated Circuits
(ASICs), Program-Specific Standard Products (ASSPs), System-on-a-chip systems
(SOCs), Complex Programmable Logic Devices (CPLDs), etc. In some instances, the
encoder 114 and/or decoder 128 may be integrated with an audio encoder/decoder and
include appropriate MUX-DEMUX units, or other hardware and/or software, to
handle encoding/decoding of both audio and video in a common data stream or
separate data streams. Alternatively, or additionally, the encoder 114 and/or
decoder 128 may be incorporated as part of the one or more processors 110 (e.g., a

CPU, GPU, microprocessor, etc.). In addition, in some instances the encoder 114
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and/or decoder 128 may be incorporated into an operating system or other application.
The encoder 114 and/or decoder 128 may operate according to a video compression
standard, such as MPEG-1, MPEG-2, MPEG-4, H.261, H.263, H.264/AVC, HEVC,
and so on.

[0024]  Although the memory 112 and 126 are depicted in FIG. 1 as single units, the
memory 112 and/or 126 (and all other memory described herein) may include one or a
combination of computer-readable media. Computer-readable media may include
computer storage media and/or communication media. Computer storage media
includes volatile and non-volatile, removable and non-removable media implemented
in any method or technology for storage of information such as computer readable
instructions, data structures, program modules, or other data. Computer storage media
includes, but is not limited to, phase change memory (PRAM), static random-access
memory (SRAM), dynamic random-access memory (DRAM), other types of random-
access memory (RAM), read-only memory (ROM), electrically erasable
programmable read-only memory (EEPROM), flash memory or other memory
technology, compact disk read-only memory (CD-ROM), digital versatile disks (DVD)
or other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or any other non-transmission medium that can be
used to store information for access by a computing device.

[0025] 1In contrast, communication media may embody computer readable
instructions, data structures, program modules, or other data in a modulated data
signal, such as a carrier wave, or other transmission mechanism. As defined herein,

computer storage media does not include communication media.
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[0026] As noted above, the video content source 102 and the device 104 may
communicate via the network(s) 106. The network(s) 106 may include any one or
combination of multiple different types of networks, such as cellular networks,
wireless networks, Local Area Networks (LANs), Wide Area Networks (WANs), and

the Internet.

EXAMPLE CODING COMPONENTS

[0027] FIG. 2 illustrates example details of the encoder 114 of FIG. 1. As noted
above, as a coding block (e.g., unit) is coded by the encoder 114. The coding block
may be represented as one or more prediction blocks at prediction and one or more
transform blocks at transformation. As such, the prediction operations may be
performed on individual prediction blocks, while the transform operations may be
performed on individual transform blocks. For ease of illustration, the coding
techniques discussed in reference to FIG. 2, and at other places in the disclosure, will
generally refer to a “block.” This block will comprise a prediction block at the
prediction stage, and a transform block at the transformation stage.

[0028] The encoder 114 may include a prediction component 202 (e.g., module,
hardware, etc.) to perform prediction on a block (e.g., a prediction block). The
prediction component 202 may perform different modes of prediction on the block,
such as intra-frame (e.g., spatial) or inter-frame (e.g., temporal) prediction. In intra-
frame prediction, the prediction component 202 may determine a reference block in a
same frame as the block that best matches the block. That is, the reference block may

have the most similarity to the block (e.g., according to pixel values) from among
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blocks of pixels of the frame. In inter-frame prediction, the prediction component 202
may determine a reference block in a temporally neighboring frame to the frame of the
block that best matches the block. Here, the reference block may have the most
similarity to the block (e.g., according to pixel values) from among blocks of pixels in
the neighboring frame. In either case, when the reference block does not exactly
match the block, the prediction component 202 may determine a difference between
pixel values of the reference block and the block. This difference is referred to as
“residual information” (also known as “residue” or “residual values”). The prediction
component 202 may output a two-dimensional array of residual information (e.g., a
block that includes residual information for each pixel value of the prediction block).

[0029] The encoder 114 may also include a transform component 204 that may
apply a transform to a block (e.g., residual information of a prediction block). The
transform may comprise a discrete cosine transform (DCT), discrete wavelet
transform, integer transform, or any other generally known technique to transform
information.  The transform may be selectively applied by the transform
component 204. That 1s, in some instances a transform is applied (e.g., transform
coefficients are output), while in other instances the transform is not applied (e.g.,
residual information is output without being transformed). To illustrate, the transform
component 204 may refrain from performing a transform when a difference between
the highest pixel values and the lowest pixel values of a block is above a
predetermined value or when a rate-distortion constraint is satisfied (e.g., the rate-
distortion cost of not transforming the block 1s smaller than that of transforming the

block), and so on. In some implementations, a transform is selectively applied
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according to techniques discussed in U.S. Patent Application No. 13/593,214, filed
August 23, 2012 and entitled “Non-Transform Coding,” which is incorporated herein
by reference.

[0030] When a transform is performed, the transform component 204 may output a
set of transform coefficients that correspond to residual information of a block.
Alternatively, when a transform is not performed, the transform component 204 may
output the residual information that was input to the transform component 204. As
used herein, a “non-transform block” may refer to a block that has not been
transformed, even though the block may have passed through the transform
component 204. In either case, the transform component 204 may output a two-
dimensional array of data (e.g., transform coefficients or residual information).

[0031] The encoder 114 may also include a quantization component 206 to quantize
a block (e.g., residual information of a non-transform block or transform coefficients
of a transformed block). In instances where the block was transformed, the
coefficients of the block may be quantized. In instances where the block was not
transformed, the residual information of the block may be quantized. The
quantization component 206 may output a two-dimensional array of data (e.g.,
quantized residual information or quantized coefficients).

[0032] The encoder 114 may also include an entropy coding component 208 to
entropy code a block (e.g., quantized residual information or quantized coefficients).
To entropy code a block, a scanning process may be performed on the block to
generate a one-dimensional array of data. For example, the scanning process may

scan a two-dimensional array of data that represents the block (e.g., quantized residual
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information or quantized coefficients) to generate a one-dimensional array of the data.
That is, the scanning process may serialize the data of the two-dimensional array.
[0033] FIG. 2 illustrates an example scanning process that may be performed by the
entropy coding component 208. Here, sub-units of a two-dimensional array 210 (e.g.,
“al”-“al6”) may represent quantized residual information or quantized transform
coefficients, depending on whether or not a transform was performed. As illustrated,
the scanning process may begin at sub-unit “al6” and proceed along the solid line to
sub-unit “a4,” then scan the next column beginning at sub-unit “al5,” and continue in
a similar manner to scan the remaining columns. By performing the scan, the entropy
coding component 208 may produce a one-dimensional array 212 of the data.

[0034] The entropy coding component 208 may perform the scanning process
according to a scanning order in an attempt to group particular types of data together.
In some instances, there may be a higher probability that non-zero data (e.g., non-zero
coefficients or residual information) is arranged in a two-dimensional array at a
particular region. For example, in returning to the two-dimensional array 210 of
FIG. 2, non-zero coefficients (sometimes referred to as energies) may be grouped in
an upper-left hand corner of the array 210 (e.g., toward the sub-unit “al”). To
efficiently perform entropy coding, the sub-units of the two-dimensional array 210
may be scanned according to a diagonal scan (discussed in detail in reference to
FIG. 4) so that the two-dimensional array 210 is arranged into the one-dimensional
array 212 with the non-zero coefficients grouped at one end. However, a uniform

scanning order that is applied to all types of blocks may not lead to such grouping.
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[0035] Accordingly, the entropy coding component 208 may selectively change the
scanning order for different types of blocks. That is, the entropy coding
component 208 may determine whether or not to change from one or more
predetermined or default scanning orders. For example, for transformed blocks, one
or more predetermined or default scanning orders may be used to scan the blocks (e.g.,
based on a prediction mode of the blocks, a size of the blocks, etc.). Meanwhile, for
non-transform blocks, the entropy coding component 208 may selectively change
from the one or more predetermined or default scanning orders that are used for the
transformed blocks based on characteristics of the non-transform blocks.

[0036] To illustrate, when scanning a transformed block of a particular prediction
mode and size, a first scanning order may be used. Meanwhile, when scanning a non-
transform block of a same prediction mode and/or size as the transformed block, the
entropy coding component 208 may determine whether to utilize the first scanning
order or a second scanning order. If, for example, the non-transform block is
associated with a particular type of prediction (e.g., the non-transform block has been
subjected to intra-prediction), the second scanning order may be used. Alternatively,
if the non-transform block is not associated with the particular type of prediction (e.g.,
the non-transform block has been subjected to inter-prediction), the first scanning
order may be used. In another example, if the non-transform block has a size that is
smaller than a predetermined size (e.g., the non-transform block is a 4x4 or an 8x8),
the second scanning order may be used. While, if the non-transform block has a size
that 1s equal to or larger than the predetermined size (e.g., the non-transform block 1s a

8x8 or larger), the first scanning order may be used.
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[0037] In yet another example, the entropy coding component 208 may determine
whether or not to change from a predetermined or default scanning order associated
with transformed blocks based on a weighted value of a prediction mode of the non-
transform block and a weight value of the size of the non-transform block. For
instance, if a size of a two-dimensional array is larger than a predetermined size by a
particular amount, then the size may be weighted more heavily towards maintaining a
current scanning order. Alternatively, or additionally, the size or the prediction mode
may be selected to be weighted more heavily than the other (e.g., prediction mode
would have a larger impact a decision than size of a block).

[0038] In the example of FIG. 2, the entropy coding component 208 may determine
whether or not to switch from one of predetermined or default scanning orders 214 to
one of the scanning orders 216. Here, the predetermined scanning orders 214 may
generally be performed, except in instances where a block includes particular
characteristics as discussed above (e.g., a non-transform block having a particular size
and/or associated with a particular prediction mode). Meanwhile, the scanning
orders 216 may correspond to inverse scanning orders of the predetermined scanning
orders 214. As such, in some examples the entropy coding component 208 may
determine whether or not to switch from a predetermined scanning order to an inverse
of the predetermined scanning order. Although in other examples the scanning
orders 216 may comprise other types of scanning orders besides inverse scanning
orders.

[0039] In some implementations, by selectively changing the scanning order from

one or more predetermined or default scanning orders, the techniques may allow
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particular types of data associated with the block to be efficiently arranged and/or
avoid unnecessarily introducing complexity due to changing a scanning order. For
instance, because non-transform blocks associated with intra-prediction may generally
include non-zero values (e.g., residual information) in an opposite region in
comparison to a transformed block (e.g., at a lower-right hand side in comparison to
an upper-right hand side), the techniques may efficiently arrange the non-zero values
at one end of a one-dimensional array for efficient entropy coding by changing a
scanning order for non-transform blocks that are associated with intra-prediction. In
addition, because a change in a scanning order may increase the complexity of
scanning a block (e.g., in comparison to maintaining the scanning order), the
techniques may avoid introducing added complexity to the scanning, when the change
may not produce any added benefit, by changing the scanning order for non-transform
blocks that are smaller than a predetermined size.

[0040] Although scanning processes are described as being performed by the
entropy coding component 208, other components may perform the scanning
processes, such as the quantization component 206 or another component. In at least
one example, the quantization component 206 performs a scanning process and
outputs a one-dimensional array of data that is input to the entropy coding
component 208.

[0041] The entropy coding component 208 may perform entropy coding on a one-
dimensional array of data that results from a scanning process. The entropy coding
may include performing context adaptive binary arithmetic coding (CABAC), context

adaptive variable-length coding (CAVLC), probability entropy coding (PIPE), and so
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on. The entropy coding may generate a bitstream that at least partly represents video
content. As illustrated in FIG. 2, the input of one or more coding blocks 224 into the
encoder 114 may result in the output of a bitstream 226.

[0042] The encoder 114 may also include an inverse quantization component 218 to
perform an inverse quantization of a block that is currently be encoded. Thereafter, an
inverse transform component 220 may selectively apply an inverse transform to the
block. If the block was transformed at the transform component 204, then an inverse
transform may be performed on the block. However, if the block was not transformed
at the transform component 204, then the inverse transform may not be performed. In
either case, the block may be reconstructed by a reconstruction component 222 based
on information from the prediction component 202. This information may indicate a
reference block utilized to form residual information for the block. The reconstructed
block may be used to encode another block, such as another block in a same or
different frame as the block.

[0043] Although not illustrated in FIG. 2, the encoder 114 may include other types
of components, such as a de-blocking filter to smooth edges between boundaries of
blocks or any other component.

[0044] FIG. 3 illustrates example details of the decoder 128 of FIG. 1. The
decoder 128 may generally perform inverse operations of the encoder 114. The
decoder 128 may include an entropy coding component 302 to perform inverse
entropy coding on a bitstream 304. The entropy coding may include scanning data of
the bitstream 304 according to a particular scanning order (e.g., a scanning order that

was used by the entropy coding component 208). The scanning order may be
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specified in the bitstream 304 or elsewhere, determined based on characteristics of a
block (e.g., a size of the block, a prediction mode, a transform mode, etc.), previously
defined, and so on. For example, a scanning process may select a scanning order
from among predetermined or default scanning orders 306 and inverse scanning
orders 308 to perform inverse entropy coding on the bitstream 304. In one example,
as shown in FIG. 3, the scanning process may scan a one-dimensional array 310 (e.g.,
the bitstream 304) into a two-dimensional array 312 according to a particular scanning
order. If the scanning process starts at a left-hand side of the one-dimensional
array 310 (e.g., sub-unit “al6”), sub-units “al6,” “al2,” “a8,” and “a4,” may be
scanned into the two-dimensional array 312 as a column of the two-dimensional
array 312. Then, the next set of sub-units of the one-dimensional array 310 (e.g.,
“al5,” “all,” “a7,” and “a3”) may be scanned into another column of the two-
dimensional array 312, and so on. Alternatively, in some instances, if the scanning
process starts at the right-hand side of the one-dimensional array 310, an inverse scan
may be performed (e.g., inverse to the scan that was performed to encode the data).
As similarly discussed above in reference to the entropy coding component 208 of
FIG. 2, the entropy coding component 302 may selectively change a scanning order
that 1s used to scan the bitstream 304. For example, if a different scanning order was
used to encode a block (e.g., different than a predetermined or default scanning order
used for another block), the entropy coding component 302 may switch to the
different scanning order for that block. As noted above, a different scanning order
may be used when, for example, a non-transform block is associated with a particular

type of prediction (e.g., intra-prediction) and/or has a size that is smaller than a
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predetermined size. The entropy coding component 302 may include similar features
as those discussed above in reference to the entropy coding component 208 of FIG. 2.
[0045] The decoder 128 may also include an inverse quantization component 314,
an 1nverse transform component 316, and a prediction component 318.
Components 314-318 may generally include features similar to those of the
components 202-206 of FIG. 2, to perform inverse operations of the components 202-
206. For example, the inverse quantization component 314 may perform inverse
quantization on a block (e.g., quantized coefficients or quantized residual information),
the inverse transform component 316 may perform an inverse transform on a block
(e.g., transform coefficients), and the prediction component 318 may perform
prediction on a block (e.g., residual information). In instances where a block was not
transformed, the inverse transform component 316 may refrain from applying an
inverse transform. By doing so, the decoder 128 may output one or more coding
blocks 320 that represent decoded video content.

[0046] Although in the discussion above of the example decoder 128 the scanning
process is performed by the entropy coding component 302, the scanning process may
be performed by another component, such as the inverse quantization component 314
or any other component. In one example, the inverse quantization component 314
may inverse quantize data before or after the data is changed from a one-dimensional

array to a two-dimensional array.
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EXAMPLE SCANNING ORDERS

[0047] FIGS. 4A and 4B illustrate example scanning orders 400-410 that may be
utilized to scan a block. The scanning orders 406-410 may comprise inverse scanning
orders of the scanning orders 400-404, respectively. In some instances, the scanning
orders 400-404 may comprise default scanning orders that are generally applied,
whereas the scanning orders 406-410 may comprise alternative scanning orders that
may be applied to non-transform blocks that include particular characteristics, such as
a particular size and/or prediction mode. If multiple default scanning orders are used
in an implementation, a default scanning order may be selected for a block based on a
size of the block, prediction mode that was used on the block, a type of the block (e.g.,
luminance or chrominance), and so on. In FIGS. 4A and 4B, the scanning orders 400-
410 may generally scan along solid lines and reposition for a next scan along dotted
lines.

[0048] Although the scanning orders 400-410 are illustrated in FIGS. 4A and4B,
other types of scanning orders may be used for a scanning process. Further, although
the scanning orders 400-404 are described as default scanning orders, other scanning
orders may be default scanning orders, such as the scanning orders 406-410, any one
of the scanning orders 400-410, or any combination of the scanning orders 400-410.
[0049] The scanning order 400 may comprise a diagonal scan that starts at a sub-
unit 412 of a block and scans the block along solid lines to reach a sub-unit 414. The
scanning order 402 may comprise a vertical scan that starts at a sub-unit416 of a

block and scans the block along solid lines to reach a sub-unit 418. The scanning
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order 404 may comprise a horizontal scan that starts at a sub-unit 420 of a block and
scans the block along solid lines to reach a sub-unit 422.

[0050] Meanwhile, the scanning orders 406-410 comprise inverse scanning orders
of the scanning orders 400-404, respectively. In particular, the scanning order 406
comprises an inverse diagonal scan that starts at a sub-unit 424 and ends at a sub-
unit 426, the scanning order 408 comprises an inverse vertical scan that starts at a sub-
unit 428 and ends at a sub-unit 430, and the scanning order 410 may comprise an
inverse horizontal scan that starts at a sub-unit 432 and ends at a sub-unit 434.

[0051] In some implementations, if it is determined to utilize a different scanning
order than a default scanning order, an inverse scanning order of the default order may
be utilized. To illustrate, if while coding according to the scanning order 402 (e.g., the
vertical scan) it 1s determined to use an alternative scanning order for a block, the
scanning order 408 (e.g., the inverse vertical scan) may be used. The alternative
scanning order may be used for non-transform blocks that include particular
characteristics, such as non-transform blocks that are associated with intra-prediction

and/or have a size that is smaller than a predetermined size.

EXAMPLE PROCESS

[0052] FIG. 5 illustrates an example process 500 for employing the techniques
described herein. For ease of illustration process 500 1s described as being performed
by a coding component. For example, one or more of the individual operations of the

process 500 may be performed by the encoder 114 and/or the decoder 128 of the
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architecture 100 of FIG. 1. However, the process 500 may be performed in other
architectures. Moreover, the architecture 100 may be used to perform other processes.
[0053] The process 500 (as well as each process described herein) is illustrated as a
logical flow graph, each operation of which represents a sequence of operations that
can be implemented in hardware, software, or a combination thereof. In the context of
software, the operations represent computer-executable instructions stored on one or
more computer readable storage media that, when executed by one or more processors,
perform the recited operations. Generally, computer-executable instructions include
routines, programs, objects, components, data structures, and the like that perform
particular functions or implement particular abstract data types. The order in which
the operations are described is not intended to be construed as a limitation, and any
number of the described operations can be combined in any order and/or in parallel to
implement the process. Further, any of the operations may be omitted.

[0054] At 502, a coding component (e.g., encoder or decoder) may identify a
scanning order used for scanning a first block, which is associated with a transform
coding mode. The first block may be referred to as a transformed block, indicating
that the first block has been transformed. The scanning order of the first block may
comprise a default scanning order for blocks that are associated with a prediction
mode of the first block, a size of the first block, and so on.

[0055] At 504, the coding component may identify a second block, which is
associated with a non-transform coding mode. The second block may be referred to
as a non-transform block, indicating that the second block has not been transformed

(e.g., 1s associated with non-transform coding). The second block may have at least
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one characteristic that 1s the same as a characteristic of the first block, such as a same
size, prediction mode, block type (e.g., whether the block is a luminance block
(component representing brightness in black and white) or chrominance block
(component representing color)), and so on. Further, the second block and the first
block may be part of a same image (e.g., frame).

[0056] At 506, the coding component may determine whether or not one or more
criteria are satisfied for the second block. For example, the coding component may
determine if a prediction mode of the second block is a particular prediction mode,
such as itra-prediction. Here, the coding component may identify the prediction
mode that was applied for the second block (e.g., intra-prediction or inter-prediction).
Alternatively, or addition, the coding component may determine if a size of the second
block 1s smaller than a predetermined size.

[0057] When the one or more criteria are satisfied at 506 (e.g., the YES route), the
coding component may perform a scanning process at 508 on the second block
according to a different scanning order than that which was used for the first block.
For example, the scanning process may utilize an inverse of the scanning order that
was used on the first block. In one example, the coding component may utilize a
different scanning order than a default scanning order in which the second block
would have otherwise been scanned. Alternatively, when the one or more criteria are
not satisfied at 506 (e.g., the NO route), the coding component may perform a
scanning process at 510 on the second block according to the scanning order that was

used for the first block. As such, the determination at 506 may determine whether to
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scan the second block according to the scanning order of the first block or to scan the
second block according to a different scanning order.

[0058] In either case of performing a scanning process at 508 or 510, the process
may include scanning a two-dimensional array of residual information of the second
block to generate a one-dimensional array of residual information. That 1is, the
scanning process may serialize the data of the second block.

[0059] At 512, the coding component may perform entropy coding on the second
block. This may include entropy coding a one-dimensional array of residual
information (e.g., quantized residual information) that represents the second block. If
the scanning process at 508 was performed, then the one-dimensional array may
include sub-units of the second block (e.g., pieces of residual information) that are
order according to a different order than that used for entropy coding the first block

(e.g., transformed blocks).

CONCLUSION

[0060] Although embodiments have been described in language specific to
structural features and/or methodological acts, it 1s to be understood that the disclosure
1s not necessarily limited to the specific features or acts described. Rather, the specific
features and acts are disclosed herein as illustrative forms of implementing the
embodiments.

[0061] All of the methods and processes described above may be embodied in, and
fully automated via, software code modules executed by one or more general purpose

computers or processors. The code modules may be stored in any type of computer-
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readable storage medium or other computer storage device. Some or all of the

methods may alternatively be embodied in specialized computer hardware.

" "on

[0062] Conditional language such as, among others, "can," "could," "might" or
"may," unless specifically stated otherwise, are understood within the context to
present that certain embodiments include, while other embodiments do not include,
certain features, elements and/or steps. Thus, such conditional language is not
generally intended to imply that certain features, elements and/or steps are in any way
required for one or more embodiments or that one or more embodiments necessarily
include logic for deciding, with or without user input or prompting, whether certain
features, elements and/or steps are included or are to be performed in any particular
embodiment.

[0063] Conjunctive language such as the phrase “at least one of X, Y or Z,” unless
specifically stated otherwise, is to be understood to present that an item, term, etc.
may be either X, Y, or Z, or a combination thereof.

[0064] Any routine descriptions, elements or blocks in the flow diagram described
herein and/or depicted in the attached figures should be understood as potentially
representing modules, segments, or portions of code that include one or more
executable instructions for implementing specific logical functions or elements in the
routine. Alternate implementations are included within the scope of the embodiments
described herein in which elements or functions may be deleted, or executed out of
order from that shown or discussed, including substantially synchronously or in

reverse order, depending on the functionality involved as would be understood by

those skilled in the art.
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[0065] It should be emphasized that many variations and modifications may be
made to the above-described embodiments, the elements of which are to be
understood as being among other acceptable examples. All such modifications and
variations are intended to be included herein within the scope of this disclosure and

protected by the following claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method comprising:

identifying, by a computing device, a scanning order for scanning a first block,
the first block being associated with a transform coding mode;

identifying, by the computing device, a second block that is associated with a
non-transform coding mode, the second block having at least one characteristic that is
the same as a characteristic of the first block;

determining to scan the second block according to a different scanning order
than the scanning order for scanning the first block, the determining being based on at
least one of a prediction mode associated with the second block or a size of the second
block; and

scanning, by the computing device, the second block according to the different

scanning order.

2. The method of claim 1, wherein the at least one characteristic of the
second block that is the same as a characteristic of the first block comprises at least

one of a size of the second block or a prediction mode of the second block.

3. The method of claim 1, wherein the determining comprises determining

that the prediction mode associated with the second block comprises intra-prediction.
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4. The method of claim 1, wherein the determining comprises determining

that the size of the second block is smaller than a predetermined size.

5. One or more computer storage media storing computer-readable
instructions that, when executed, instruct one or more processors to perform
operations comprising:

identifying a first scanning order, which is used in coding a block that has been
transformed,;

determining whether to code a non-transform block according to the first
scanning order or a second scanning order based on at least one of a prediction mode
of the non-transform block or a size of the non-transform block; and

coding the non-transform coding block according to the first scanning order or

the second scanning order based at least in part on the determination.

6. The one or more computer storage media of claim 5, wherein the
determining is based at least in part on a weighted value of the prediction mode of the

non-transform block and a weighted value of the size of the non-transform block.

7. The one or more computer storage media of claim 5, wherein the coding
includes:

scanning a two-dimensional array of residual information of the non-transform
block according to the first scanning order or the second scanning order to generate a
one-dimensional array of residual information; and

entropy coding the one-dimensional array of residual information.
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8. A system comprising;
one or more processors; and
a coding component implemented at least in part by the one or more processors
and configured to:

identify a block that is associated with non-transform coding;

determine that at least one of (1) a prediction mode of the block that is
associated with non-transform coding 1s a particular prediction mode, or (11) a
size of the block that 1s associated with non-transform coding is smaller than a
particular size; and

based at least in part on the determination, entropy code the block that is
associated with non-transform coding with sub-units of the block ordered
according to a different order than an order used for entropy coding blocks that

are associated with transform coding.

9. The system of claim 8, wherein the block that is associated with non-
transform coding comprises a transform unit defined by the High Efficiency Video

Coding standard.

10.  The system of claim 8, wherein the block that is associated with non-
transform coding and at least one of the blocks that are associated transform coding

are part of a same image.



