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INTRA PREDICTION MODE SIGNALING FOR VIDEO CODING

CROSS REFERENCE TO RELATED APPLICATIONS

{0001] The present disclosure claims priority to U.S. NonProvisional Application No.
16/370,213, entitled “Intra Prediction Mode Signaling For Video Coding”, filed March 29,
2019, which claims priority to U.S. Provisional Application No. 62/650,854, entitled “Intra
Prediction Mode Signaling For Video Coding”, filed March 30, 2018. The entire contents of

this application is incorporated herein by reference in its entirety for all purposes.

BACKGROUND

{0002] Intra prediction mode is used in video coding frameworks in which blocks of pixels
are predicted from the neighboring existing pixels. The transcoder determines the prediction
direction, and the direction is signaled in overhead bits in an encoded bitstream. The
overhead bits are bits other than the bits used to represent the video being compressed. A
decoder decodes the encoded bitstream by using the prediction direction to determine

neighboring pixels that are used to decode a current block.

{0003] An intra block prediction uses a similarity of pixels among neighboring blocks to
transcode or decode the current block. The intra prediction modes include a number of
different directional orientations. The directional orientation is used to predict the current
block based on the content of the neighboring blocks. One method divides all the intra
prediction modes into a Most Probable Mode (MPM) set and a non-MPM set. The MPM set

may include a smaller number of modes than the non-MPM set.

{0004] A transcoder may select an intra prediction mode, which is one of the directional
orientations, when transcoding a block. When the selected intra prediction mode falls within
the MPM set, the transcoder can reduce the overhead bits in the encoded bitstream by
allocating fewer bits to signal the selected intra prediction mode in the MPM set. For
example, if there are only three possible modes in the MPM set, only two bits are needed to
signal the intra prediction mode to use in the MPM set. However, if the intra prediction

mode falls within the non-MPM set, then the transcoder uses more bits to signal the selected
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intra prediction mode. For example, if the non-MPM set includes 32 intra prediction modes,
then five bits are needed to signal which intra prediction mode to use in the non-MPM set. It
is expected that the intra prediction mode will most likely fall within the MPM set. However,
as the video encoder/decoder (codec) evolves, the intra prediction directional orientations
become denser (e.g., there are more possible intra prediction modes), and the likelihood of a
selected intra prediction mode falling within the MPM set may decrease. Accordingly, the
overhead bits spent on signaling the intra prediction mode may increase because the

transcoder has to signal the intra prediction mode in the non-MPM set more often.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 depicts a simplified system for signaling an intra prediction mode according to

some embodiments.

{0006] FIG. 2 depicts an example of intra prediction according to some embodiments.

{0007] FIG. 3 depicts an example of a breakdown of the three MPM sets according to some

embodiments.

{0008] FIG. 4 depicts an example of generating an MPM set, a near-MPM set, and a non-

MPM set according to some embodiments.

{0009] FIG. 5 depicts another example of generating the MPM set, the near-MPM set, and

the non-MPM set according to some embodiments.

[0010] FIG. 6 depicts a simplified flowchart of a method for transcoding a video using the
MPM set, the near-MPM set, and the non-MPM set according to some embodiments.

[0011] FIG. 7 depicts a simplified flowchart of a method for inserting signaling for the intra

prediction mode into an encoded bitstream according to some embodiments.

{0012] FIG. 8 depicts a simplified flowchart of a method for decoding an encoded bitstream

using the MPM set, near-MPM set, and the non-MPM set according to some embodiments.

{0013] FIG. 9 depicts an example of software code to decode blocks using the intra

prediction mode according to some embodiments.
2



WO 2019/191713 PCT/US2019/025042

{6014] FIG. 10 depicts an example of a transcoding system according to some embodiments.
{0015] FIG. 11 depicts an example of a decoding system according to some embodiments.

DETAILED DESCRIPTION

{0016] Described herein are techniques for a video coding system. In the following
description, for purposes of explanation, numerous examples and specific details are set forth
in order to provide a thorough understanding of some embodiments. Some embodiments as
defined by the claims may include some or all of the features in these examples alone or in
combination with other features described below, and may further include modifications and

equivalents of the features and concepts described herein.

{0017] Some embodiments reduce the number of bits sent in an encoded bitstream by
reducing the number of intra prediction mode overhead bits that are signaled in the encoded
bitstream compared to the method described in the Background. Some embodiments
improve the intra prediction mode signaling method by enhancing the use of Most Probable
Mode (MPM) by dividing the intra prediction modes into three subsets: an MPM set, a near-
MPM set, and a non-MPM set. Each set includes a number of intra prediction modes. Using
the near-MPM set in addition to the MPM set increases the number of intra prediction modes
that may fall within the MPM set and near-MPM set compared to using just the MPM set.
This makes it more likely that the intra prediction mode may fall within the MPM set or near-
MPM set. When the selected intra prediction mode falls within the MPM set or near-MPM
set, the transcoder can use fewer bits to signal the intra prediction mode compared to when
the intra prediction mode falls within the non-MPM set. Thus, the overhead bits used for the
intra prediction mode may be reduced, and as a result, the overall video compression
efficiency is improved. Also, the use of fewer overhead bits for signaling the intra prediction

mode saves bandwidth for video transmission.
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{0018] System

{0019] FIG. 1 depicts a simplified system 100 for signaling an intra prediction mode
according to some embodiments. System 100 transcodes a source video asset, which may be
any type of video, such as for a television show, movie, or video clip. The source video may
need to be transcoded into one or more formats, such as one or more bitrates. In some
embodiments, a server system 102 sends an encoded bitstream to client 104. For example,

server system 102 may be sending a video to a client 104 for playback.

{0020] Server system 102 includes a transcoder 106 that transcodes video into an encoded
bitstream. Transcoder 106 may be a software video processor/transcoder configured on a
central processing unit (CPU), a hardware accelerated video processor/transcoder with a
graphical processing unit (GPU), a field programmable gate array (FPGA), and/or a hardware
processor/transcoder implemented in an application-specific integrated circuit (ASIC).
Transcoding may be the conversion from one digital format to another digital format.
Transcoding may involve decoding the source format and encoding the source video into
another digital format, or converting the source content into videos with a specific resolution,
framerate, bitrate, codec, etc. Also, encoding may be the conversion of analog source content

and to a digital format. As used, the term transcoding may include encoding.

{0021] Transcoder 106 includes a transcoder intra prediction block 108 that determines
signaling values for the intra prediction mode of blocks in a frame. Transcoder intra
prediction block 108 inserts overhead bits in the encoded bitstream to signal the intra
prediction mode to a decoder 112. As will be discussed below, transcoder intra prediction
block 108 uses an MPM set, a near-MPM set, and a non-MPM set to signal the intra

prediction mode.

{0022] Client 104 includes a decoder 112 that decodes the encoded bitstream. During the
decoding process, a decoder intra prediction block 110 determines the intra prediction mode

for a block and uses the mode to decode the block.

[0023] FIG. 2 depicts an example of intra prediction according to some embodiments. A
current block being decoded is shown at 204. Blocks to the left and top of the current block
have already been decoded. The pixels from the left block and the top block may be used to
predict the content of the current block. For example, neighboring pixels that have already
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been decoded are shown at 202. Because these pixels have already been decoded, the pixels
can be used to predict the content of the current block. For example, the neighboring pixels

may be similar to some of the pixels of the current block.

[0024] Intra prediction is the use of pixels within the same frame to predict the pixels of the
frame. The arrows at 206 depict the direction of the intra prediction. For example, a
neighboring pixel can be used to predict another pixel in the direction of the arrow
originating from the neighboring pixel. The depicted direction is only one possible direction.
The possible directions may include directions that range from a horizontal direction to a
vertical direction including many diagonal directions in between. Other modes may also
include an averaging of pixel values and do not need to include a direction. The prediction
works by signaling the changes in content from the neighboring pixel instead of the entire
content of the current block. When the neighboring pixel is more similar to the current block,

the compression is increased because fewer changes need to be communicated.

{0025] The larger number of intra prediction modes increases the possibility of being able to
signal a direction of the neighboring pixels with more accuracy, which improves the
compression. In some examples, 35 intra prediction modes may be used in a standard, such
as H.265/HEVC. In this standard, the number of intra prediction modes has increased from
nine intra prediction modes in a previous standard (e.g., H.264/AVC). In another developing
standard (e.g., H.266), the number of intra prediction modes may increase to 65. As the
number of intra prediction modes goes up, the possibility that the selected intra prediction
mode for a current block is within the MPM set goes down because of the larger number of
possibilities that fall outside of the MPM set. Having more selected intra prediction modes
fall outside of the MPM set reduces the effectiveness of using the MPM set and increases the
number of overhead bits that need to be included in the encoded bitstream for intra prediction

mode signaling.

{0026] One method of signaling the intra prediction modes in the encoded bitstream is to
derive the intra prediction mode using MPM sets. Conventionally, the intra prediction modes
are divided into a first set of MPMs and a second set of non-MPMs. An intra prediction
mode in the MPM set may be referred to as an MPM and an intra prediction mode in the non-
MPM set may be referred to as a non-MPM. The intra prediction modes in the MPM set may

be determined based on intra prediction modes found in neighboring blocks. These intra
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prediction modes are used because it may be more likely the current block may have a similar

intra prediction mode as a neighboring block.

{0027] When using the MPM set and the non-MPM set, a flag is used to indicate the intra
prediction mode is within the MPM set, and an MPM index to select the intra prediction
mode is signaled. If an intra prediction mode is not within the MPM set, then the non-MPM
index is signaled. If there are three intra prediction modes in the MPM set, then the index
may be two bits, and if there are 32 non-MPMs, then the index may be five bits. The number
of bits needed to signal the intra prediction mode varies depending on the number of intra
prediction modes in each set. If the intra prediction mode falls within the MPM set, the
number of bits to signal the intra prediction mode is lowered because only two bits are used,
and the video compression is increased. As the number of modes increases, the chances that
the intra prediction mode falls within the MPM set goes down. For example, H.264/AVC
uses two MPM modes and seven non-MPM modes, and H.265/HEVC has three MPM modes
and 32 non-MPM modes. However, in the new video coding standards like Alliance for Open
Media AOMedia Video 1 (AOM-AV1) and H.266, the total number of intra prediction modes
has been more than 65. Due to the increasing of complexity, the existing MPM approach is
less efficient. Accordingly, some embodiments use an MPM set, a near-MPM set, and a non-

MPM set.

{0028] FIG. 3 depicts an example of a breakdown of the three MPM sets according to some
embodiments. The intra prediction modes in the MPM set at 302 are the smallest number of
intra prediction modes, the intra prediction modes in the non-MPM modes at 304 have the
largest number of intra prediction modes, and the intra prediction modes in the near-MPM set
at 306 have a number of intra prediction modes that are in between the number in the MPM
set and non-MPM set. In some embodiments, the number of near-MPMs is limited to 4, 8,
16, and so on. For example, if there are 65 intra modes, the number of modes in the MPM
set, the near-MPM set, and the non-MPM set could be 3, 8, 54, respectively. Compared with
the number of bits required to signal the non-MPM modes, the mode index for the MPM set
and the near-MPM set could be represented in fewer bits, such as two bits for the MPM set
and three bits for the near-MPM set. As a result, the overall bits spent on signaling intra
modes can be saved, if the MPM set and the near-MPM set are properly selected with higher
probability to be used. Using the near-MPM set reduces the number of intra prediction

modes in the non-MPM set. Also, signaling the intra prediction mode in the near-MPM set
6
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uses fewer bits to send the intra prediction mode compared to signaling the intra prediction
mode in the non-MPM set because the number of near-MPMs is less than the number of non-

MPMs.

[0029] Even if the intra prediction mode is not in the MPM set, the intra prediction mode
may tend to be close to one of the MPMs. Some embodiments use the intra prediction modes
in the MPM set to select the intra prediction modes in the near-MPM set. Different methods
of generating the near-MPM set can be used. For example, the near-MPM mode can be also
generated based on the historical information. For example, the intra modes of past N coding
units can be aggregated to derive the near-MPM modes for the current coding unit. The
possible aggregation methods include ranking the historical intra modes in the coding order,
or ranking the historical intra modes in by frequency of occurrence. Then the top M modes

after ranking can be used as the near-MPM modes.

{0030] Also, the methods used to determine the near-MPM modes could be combined. For
example, some near-MPM modes are derived from MPM modes, and the historical

aggregated modes can also be added into near-MPM list.

[0031] FIG. 4 depicts an example of generating the MPM set, the near-MPM set, and the
non-MPM set according to some embodiments. The intra prediction modes are identified by
index values, such as values from O to X, with X being a number. The intra prediction modes
may be different directions or a different way to predict the current block (e.g., an average).
In this example, there are three MPMs of the index values 10, 16, and 18. In some
embodiments, transcoder 106 sorts the MPMs according to the index values. For example,
transcoder 106 sorts the index values from lowest to highest. If there are three MPMs of 16,
10 and 18, the sorted order is 10, 16, and 18. Then, transcoder 106 sets a minimum index,
MPM_min_index, and a maximum index, MPM_max_index, based on the sorting. The

minimum index is 10 and the maximum index is 18 in this example.

{0032] Transcoder 106 then calculates the near-MPM set using the minimum index and the
maximum index. For example, transcoder 106 selects the intra prediction modes that are a
certain distance from the minimum index and the maximum index. In some embodiments,
transcoder 106 selects the intra prediction modes in the near-MPM set by determining a

near_MPM_min_index and near MPM_max_index using: [MPM_min_index — N,
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MPM_max_index + M], where N and M are numbers that may be preset or dynamically
determined based on the characteristics of the video. In one example, if MPM_min_index is
10 and MPM_max_index is 18, and N, M are the number 4, then the values of
[near_MPM_min_index, near_ MPM_max_index] are [10-4, 18+4] = [6, 22]. The near-MPM
minimum and maximum values may be used to form a range of intra prediction modes in the
near-MPM set as shown at 402. That is, transcoder 106 selects the intra prediction modes
between 6 and 22 (inclusive or not inclusive of 6 and 22). Transcoder 106 removes the three
MPMs of 10, 16, and 18 because they are in the MPM set. Then, the near-MPM set includes
14 modes of [6,7, 8,9, 11, 12, 13, 14, 15, 17, 19, 20, 21, and 22]. The non-MPM set include
all the intra prediction modes not included in the MPM set and the near-MPM set.

{0033] In some embodiments, transcoder 106 uses a range for the near-MPM set that includes
the MPM set because it is expected that the intra prediction mode for the current block will
be around the values for the MPM set. This may be because the MPM set may include intra
prediction modes from blocks that are near the current block. Because of similar video
characteristics among the current block and the blocks near the current block, the intra
prediction modes may be similar. In practice, the textures and edges in video content
continue among multiple coding blocks, but with slightly changed directions, for example,
the textures or edges move in an arc-shape. For these cases, the optimal prediction of the
intra prediction mode should be in a small range of adjacent prediction angles, instead of the

exact same angle from the neighboring coding blocks.

{0034] Transcoder 106 may calculate the near-MPM set in other ways. FIG. 5 depicts
another example of generating the MPM set, the near-MPM set, and the non-MPM set
according to some embodiments. Assuming the three MPMs are 10, 16, and 18, transcoder
106 determines the values of the intra prediction modes in the near-MPM based on each
individual MPM value. Transcoder 106 may use the following to determine the intra
prediction modes in the near-MPM set: [MPM_index — N, MPM_index + M], where N and
M are numbers that may be preset or dynamically determined based on the characteristics of

the video.

[0035] In one example, transcoder 106 sets the values of N and M to N=M=1. Transcoder
106 performs a loop function to review each intra prediction mode in the MPM set and

generate near-MPMs. For the intra prediction mode of MPM = 10, transcoder 106 adds the
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intra prediction modes of 9 and 11 to the near-MPM set because 10-1=9 and 10+1=11. For
MPM = 16, transcoder 106 adds the intra prediction modes of 15 and 17 to the near-MPM set
because 16-1=15 and 16+1=17. For MPM = 18, transcoder 106 adds the intra prediction
modes of 17 and 19 to the near-MPM set because 18-1=17 and 18+1=19. Transcoder 106
may remove any redundant near-MPMs, if applicable. Then, the final near-MPM set is [9,
11, 15, 17, and 19]. In FIG. 5, the MPMs and non-MPMs are shown.

{0036] Transcoder 106 may use other values for N and M, such as if N=M=2, then transcoder
106 would add 8, 9 and 11, 12 for the MPM of 10, 14, 15 and 17 and 18 for the MPM of 16,
and 16, 17 and 19 and 20 for the MPM of 18. One redundant value of 17 is removed in the
near-MPM set. Also, transcoder 106 removes the value of 16 in the near-MPM set because it

is found in the MPM set. The final near-MPM set is [8,9, 11, 12, 14, 15, 17, 19, and 20].

{6037] In another example, transcoder 106 may continue to increase the values of N and M
until there is an overlap with an intra prediction mode in the MPM set and the near-MPM set.
To determine when to stop, transcoder 106 checks to see if the intra prediction mode is within
the MPM set. When this occurs, transcoder 106 selects the last near-MPM set that does not

include any overlap.

{0038] Once determining the MPM set, the near-MPM set, and the non-MPM set for a
current block, transcoder 106 selects an intra prediction mode of the current block. Then,
transcoder 106 may signal the index for the intra prediction mode to decoder 112. The
number of bits to use to signal the intra prediction mode for the different sets may vary. For
example, if the MPM set includes three the intra prediction modes, then transcoder 106 uses
two bits to signal the intra prediction mode index. If the near-MPM set is used, transcoder
106 uses a variable number of bits based on the number of values (e.g., intra prediction
modes) in the near-MPM set. However, the number of bits used to signal an intra prediction
mode in the non-MPM set may be less than that signaling an intra prediction mode in the
non-MPM set because the number of intra prediction modes in the non-MPM set are greater
than the number of intra prediction modes in the near-MPM set. Further, the number of bits
used to signal an intra prediction mode in the non-MPM set may be less than when signaling
an intra prediction mode in the non-MPM set when only the MPM and non-MPM sets were
used. Conventionally, five bits were used in the non-MPM set, but the near-MPM set may

use fewer than five bits because there are fewer possible near-MPM intra prediction modes.
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If the non-MPM set is used, transcoder 106 also uses a variable number of bits based on the
number of intra prediction modes in the non-MPM set. In some examples, the number of bits
may be less than when signaling an intra prediction mode in the non-MPM set when only the
MPM and non-MPM sets were used. For example, the number of intra prediction modes in
the non-MPM set when the near-MPM set may require fewer than five bits to signal the intra
prediction mode. The above savings becomes even greater because the process is performed

for each block being transcoded.

[0039] Transcoder

{0040] FIG. 6 depicts a simplified flowchart 600 of a method for transcoding a video using
the MPM set, the near-MPM set, and the non-MPM set according to some embodiments. At
602, for a current block, transcoder 106 selects an MPM set. The MPM set may be selected
based on different methods, such as by selecting intra prediction modes of neighboring blocks

to the current block.

[0041] At 604, transcoder 106 selects a near-MPM method to use. One of the methods
described above may be used. At 606, transcoder 106 calculates the intra prediction modes in
the near-MPM set based on the selected near-MPM method. The calculation may be
performed as described above. Then, at 608, transcoder 106 calculates the non-MPM set
based on the MPM set and the near-MPM set. Transcoder 106 may add all the intra
prediction modes that are not in the MPM set and the near-MPM set to the non-MPM set.
Transcoder 106 may calculate the MPM set, the near-MPM set, and the non-MPM set for
each current block being transcoded. Or, the MPM set, the near-MPM set, and the non-MPM

set may be preset.

{0042] Once calculating the MPM set, the near-MPM set, and the non-MPM set for the
current block, at 610, transcoder 106 may calculate the signaling that needs to be inserted in
the encoded bitstream. FIG. 7 depicts a simplified flowchart 700 of a method for inserting
signaling for the intra prediction mode into an encoded bitstream according to some
embodiments. At 702, transcoder 106 selects an intra prediction mode for the current block.
At 704, transcoder 106 determines if the MPM set is being used. The MPM set is used when
the selected intra prediction mode falls within one of the values in the MPM set. If so, at 706,

transcoder 106 sets a flag indicating that the MPM set is being used. The flag may be a
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value, such as “1” to indicate that the MPM set is being used, and “0” to indicate that the
MPM set is not being used. At 708, transcoder 106 also sets an index value for the selected
intra prediction mode in the MPM set. The index value may be two bits in some examples

when there are only three possible MPMs.

{0043] If the MPM set is not being used, at 710, transcoder 106 determines whether the near-
MPM set is being used. The near-MPM set is used when the selected intra prediction mode
falls within one of the values in the near-MPM set. At 712, if the selected intra prediction
mode falls within the near-MPM set, transcoder 106 sets a flag indicating that the near-MPM
set is being used. The flag may be a value, such as “1” to indicate that the near-MPM set is
being used, and “0” to indicate that the near-MPM set is not being used, but may be other
values. At 714, transcoder 106 also sets an index value for the selected intra prediction mode
in the near-MPM set. The index value may be a variable number of bits depending on the
number of near-MPMs. The number of near-MPMs can be pre-set based on the picture type,
or coding block sizes. Specifically, I, P, B pictures can use a different number of near-MPMs;
for example, coding blocks in an I picture may have more near-MPM modes than ones in P/B
pictures. Or different block sizes can use different numbers of near-MPMs, such as a smaller
coding block may have fewer near-MPM modes than larger ones. Decoder 112 can identify
the exact range of near-MPMs according to current picture type, and/or current coding block

size.

{0044] If the near-MPM set is not being used, at 716, transcoder 106 determines that the non-
MPM set is being used and sets an index value for the selected intra prediction mode in the
non-MPM set. The index value may be a variable number of bits depending on the number
of non-MPMs. In some examples, a flag indicating that the non-MPM set is being used does
not need to be set because decoder 112 assumes that the non-MPM set is being used if the

flags for the MPM set and the near-MPM set are not included in the encoded bitstream.

{0045] Decoder

{0046] FIG. 8 depicts a simplified flowchart 800 of a method for decoding an encoded
bitstream using the MPM set, the near-MPM set, and the non-MPM set according to some
embodiments. At 802, decoder 112 selects a current block to decode from the encoded

bitstream. In some examples, decoder 112 has already decoded some blocks from the
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encoded bitstream. At 804, decoder 112 determines if a flag is set that indicates that an MPM
set is being used. If the flag is set to indicate that the MPM set is being used, then at 806,
decoder 112 determines the MPM index in the encoded bitstream. The MPM index identifies
the intra prediction mode from among the intra prediction modes in the MPM set. In some
embodiments, the MPM index may be N bits depending on the possible number of intra

prediction modes in the MPM set.

{0047] At 808, if the MPM flag is not set, then decoder 112 determines whether a flag is set
that indicates the near-MPM set is being used. If the flag is set to indicate that the near-MPM
set is being used, then at 8§10, decoder 112 determines the near-MPM index in the encoded
bitstream. The near-MPM index identifies the intra prediction mode from among the intra
prediction modes in the near-MPM set. In some embodiments, the near-MPM index may be

X bits depending on the possible number of intra prediction modes in the near-MPM set.

[0048] At 812, if the near-MPM flag is not set, then decoder 112 determines the non-MPM
index in the encoded bitstream. The non-MPM index identifies the intra prediction mode
from among the intra prediction modes in the non-MPM set. In some embodiments, the non-

MPM index may be Y bits depending on the possible number of intra prediction modes in the

non-MPM set.

{0049] FIG. 9 depicts an example of software code to decode blocks using the intra
prediction mode according to some embodiments. At 902, a flag, is_mpm_used_flag, to
indicate whether MPM is used, is set. The flag may be a value that is one bit. At 904,
decoder 112 determines if the is_mpm_used flag flag is set. Setting this flag means the
block being decoded uses one of the MPMs. At 906, decoder 112 determines the MPM

index, which may be a value that is two bits if there are three MPMs.

{0050] If the is_mpm_used flag is not set, at 908, decoder 112 determines if the flag
is_near_mpm_used_flag is set, which indicates the near-MPM mode is being used. The flag
may be a value that is one bit. If the flag is set, then decoder 112 determines the near-MPM
index from the near_mpm_index at 910. The flag may be a value of X bits depending on the
number of near-MPMs. If the is_near_mpm_used_flag flag is not set, then at 912, decoder
112 determines the value for the non_near_mpm_index. The flag may be a value of Y bits

depending on the number of non-MPMs.
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{0051] In some embodiments, the number of bits for the MPM set, near-MPM set, and the
non-MPM set may be N bits < X bits < Y bits. This means that overhead bits are reduced by
using the MPM set the most; however, overhead bits are still saved compared when using the

near-MPM set when compared to using the non-MPM set.

{0052] Accordingly, the use of the near-MPM set may reduce the number of overhead bits
that are sent in the encoded bitstream, which increases the video compression. Also, with the
increase in the number of intra prediction modes, the probability that a pixel uses an intra
prediction mode in the MPM set decreases. However, using the near-MPM set may increase
the probability that the intra prediction mode falls within the MPM set or near-MPM set. The
determination of the non-MPM set may use the values of the MPM set to select indices for

the near-MPM set that most probably would be selected if the MPM set is not used.

[0053] System

{0054] FIG. 11 depicts an example of a transcoding system according to some embodiments.
A video codec framework includes a set of fundamental components: block partitioning, inter

and intra prediction, transform and quantization, and entropy coding.

[0055] Transcoder 106 receives a frame of a video, which is firstly split into non-overlapping
coding blocks for further processing. To cope with different video content characteristics,
complex regions will be covered by partitions with smaller sizes, while simple regions will be
covered by larger partitions. Multiple block patterns and shapes are may be both used
together, for example quad-tree pattern, triple-tree pattern and binary-tree pattern can be all

used together, while square blocks and rectangular blocks can also be used together.

{0056] Prediction is used to remove the redundancy of a video signal. By subtracting the
predicted pixel values from the pixels being processed, the amplitude of a residual signal can
be significantly reduced, thus the resulting bitstream size can be reduced. An intra prediction
block 1010, which is using reference pixels in the current frame, aims to reduce the spatial
redundancy within the frame. An inter prediction block 1012, which is using reference pixels
from neighboring frames, attempts to remove the temporal redundancy between frames. A
motion estimation and compensation block 1016 may be a sub-module of inter prediction at
the transcoder side, which captures the motion trace of objects among adjacent frames and

generates reference pixels for inter prediction.
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{6057] A transform and quantization block 1004 uses the residual pixels after intra or inter
prediction. Transform and quantization block 1004 performs a transform operation that
represents the residual signal in a frequency domain. Considering the human visual system is
more sensitive on low frequency components of video signal than the high frequency
components, quantization is designed to further compress the residual signal by reducing the

precision on high frequency signals.

{0058] To avoid the out-of-sync issue between transcoder 106 and decoder 112, transcoder
106 contains decoding modules to make sure both transcoder 106 and decoder 112 are using
identical mathematical processes. Thus, an inverse transform and inverse quantization block
1008 is similar to the same block on the decoder side. Inverse transform and inverse

quantization block 1008 reconstructs pixels using the intra and inter prediction.

{6059] An in-loop filter 1014 removes any visual artifacts that are introduced by the above-
mentioned processes. Various filtering methods are applied on the reconstructed frame in a
cascaded way to reduce different artifacts, including but not limited to the blocking artifacts,

mosquito artifacts, color banding effects, etc.

[0060] An entropy encoding block 1006 may further compress the bitstream using a model-
based method. Transcoder 106 transmits the resulting encoded bitstream to decoder 310 over

a network or other types of medium.

{6061] FIG. 11 depicts an example of a decoding system according to some embodiments.
Decoder 112 receives the encoded bitstream and inputs it into an entropy decoding block
1102 to recover the information needed for decoding process. As above-mentioned, a
decoded frame can be decoded by using an inverse transform and inverse quantization block
1104, an intra prediction block 1106 or inter prediction block 1108, motion compensation

block 1110, and in-loop filtering block 1111 in the same way to build a decoded frame.

{0062] Some embodiments may be implemented in a non-transitory computer-readable
storage medium for use by or in connection with the instruction execution system, apparatus,
system, or machine. The computer-readable storage medium contains instructions for
controlling a computer system to perform a method described by some embodiments. The

computer system may include one or more computing devices. The instructions, when
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executed by one or more computer processors, may be configured to perform that which is

described in some embodiments.

[T IANT3
a

{0063] As used in the description herein and throughout the claims that follow, an”, and
“the” includes plural references unless the context clearly dictates otherwise. Also, as used in
the description herein and throughout the claims that follow, the meaning of “in” includes

“in” and “on” unless the context clearly dictates otherwise.

{0064] The above description illustrates various embodiments along with examples of how
aspects of some embodiments may be implemented. The above examples and embodiments
should not be deemed to be the only embodiments, and are presented to illustrate the
flexibility and advantages of some embodiments as defined by the following claims. Based
on the above disclosure and the following claims, other arrangements, embodiments,
implementations and equivalents may be employed without departing from the scope hereof

as defined by the claims.
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CLAIMS
What is claimed is:

1. A method comprising:

determining, by a computing device, if a first flag for using a most probable mode
(MPM) set for intra prediction is set;

when the first flag indicates the MPM set is used, decoding, by the computing
device, a first index for the MPM set, the first index indicating a first intra prediction mode in the
MPM set;

when the first flag does not indicate the MPM set is being used, determining, by
the computing device, if a second flag for using a near-MPM set is set;

when the second flag indicates the near-MPM set is being used, decoding, by the
computing device, a second index for the near-MPM set, the second index indicating a second
intra prediction mode in the near-MPM set; and

when the second flag does not indicate the near-MPM set is being used, decoding,
by the computing device, a third index for a non-MPM set, the third index indicating a third intra

prediction mode in the non-MPM set.

2. The method of claim 1, wherein indices in the near-MPM set are selected

based on a spanning subspace in the MPM set.

3. The method of claim 1, wherein indices in the near-MPM set are selected
by:

sorting indices in the MPM set; and

selecting indices in the near-MPM set based on a lowest index in the MPM set

and a highest index in the MPM set.

4. The method of claim 3, wherein indices in the near-MPM set are selected
by:
subtracting a first number from the lowest index to generate a first near-MPM

index value; and
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adding a second number to the highest index to generate a second near-MPM

index value.

5. The method of claim 4, wherein the indices in the near-MPM set are
included in a range using the first near-MPM index value and the second near-MPM index value,

with MPM indices excluded from the near-MPM set.

6. The method of claim 1, wherein indices in the near-MPM set are selected
by:

selecting indices in the near-MPM set based on the index of each intra prediction
mode in the MPM set; and

removing any redundant indices in the near-MPM set.

7. The method of claim 6, wherein indices in the near-MPM set are selected
by:

subtracting a first number from each index of an intra prediction mode in the
MPM set to generate a second number; and

adding a third number to each index of an intra prediction mode in the MPM set

to generate a fourth number.

8. The method of claim 7, wherein the indices in the near-MPM are included

in a range using the second number and the fourth number, with MPM indices excluded.

9. A method comprising:

selecting, by a computing device, a block to transcode in a video;

selecting, by the computing device, an intra prediction mode for the block;

selecting, by the computing device, an MPM set that includes a first number of
intra prediction modes;

analyzing, by the computing device, the MPM set to select a near-MPM set, the
near-MPM set including a second number of intra prediction modes;

adding, by the computing device, a third number of intra prediction modes to a

non-MPM set; and
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setting, by the computing device, a flag in an encoded bitstream for the video
indicating whether the intra prediction mode falls within the MPM set, the near-MPM set, or the
non-MPM set.

10. The method of claim 9, wherein analyzing the MPM set to select the near-
MPM set comprises:
selecting indices in the near-MPM set based on a range of indices from a first

index in the MPM set to a second index in the MPM set.

11. The method of claim 9, wherein analyzing the MPM set to select the near-
MPM set comprises:

sorting indices in the MPM set; and

selecting indices in the near-MPM set based on a lowest index in the MPM set

and a highest index in the MPM set.

12. The method of claim 11, wherein indices in the near-MPM set are selected
by:

subtracting a first number from the lowest index to generate a first near-MPM
index value; and

adding a second number to the highest index to generate a second near-MPM

index value.

13. The method of claim 12, wherein the indices in the near-MPM set are
included in a range using the first near-MPM index value and the second near-MPM index value,

with MPM indices excluded from the near-MPM set.

14. The method of claim 9, wherein analyzing the MPM set to select the near-
MPM set comprises:
selecting in the near-MPM set based on merging neighboring modes in the MPM.

15. The method of claim 9, wherein analyzing the MPM set to select the near-

MPM set comprises:

18



N R~ W N =

[u—

NeliNe I R« RV, B S S N S

e e e e e
W R WD = O

WO 2019/191713 PCT/US2019/025042

selecting indices in the near-MPM set based on the index of each intra prediction
mode in the MPM set; and

removing any redundant indices in the near-MPM set.

16. The method of claim 15, wherein indices in the near-MPM set are selected
by:

subtracting a first number from each index of an intra prediction mode in the
MPM set to generate a second number; and

adding a third number to each index of an intra prediction mode in the MPM set

to generate a fourth number.

17. The method of claim 16, wherein the indices in the near-MPM are
included in a range using the second number and the fourth number, with MPM indices

excluded.

18. A non-transitory computer-readable storage medium having stored thereon
computer executable instructions, which when executed by a computing device, cause the
computing device to be operable for:

determining if a first flag for using a most probable mode (MPM) set for intra
prediction is set;

when the first flag indicates the MPM set is used, decoding a first index for the
MPM set, the first index indicating a first intra prediction mode in the MPM set;

when the first flag does not indicate the MPM set is being used, determining if a
second flag for using a near-MPM set is set;

when the second flag indicates the near-MPM set is being used, decoding a
second index for the near-MPM set, the second index indicating a second intra prediction mode
in the near-MPM set; and

when the second flag does not indicate the near-MPM set is being used, decoding
a third index for a non-MPM set, the third index indicating a third intra prediction mode in the

non-MPM set.
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19. The non-transitory computer-readable storage medium of claim 18,

wherein indices in the near-MPM set are selected based on a spanning subspace in the MPM set.

20. A non-transitory computer-readable storage medium having stored thereon
computer executable instructions, which when executed by a computing device, cause the
computing device to be operable for:

selecting a block to transcode in a video;

selecting an intra prediction mode for the block;

selecting an MPM set that includes a first number of intra prediction modes;

analyzing the MPM set to select a near-MPM set, the near-MPM set including a
second number of intra prediction modes;

adding a third number of intra prediction modes to a non-MPM set; and

setting a flag in an encoded bitstream for the video indicating whether the intra

prediction mode falls within the MPM set, the near-MPM set, or the non-MPM set.

20



PCT/US2019/025042

WO 2019/191713

1/11

I 'O
80T
01t 9019
¥o0[q uonodIpaxd uonoIpaid enur
BIUL JOPOII(] Iopodsuel],
weansiq
TIT pepoouy 901
13p023(] Iopoodsuel],
§ _—
ILEN1) [44!

WJSAS IOAIDS

\ N



WO 2019/191713 PCT/US2019/025042

2/11
Existing
c‘iecode‘d
202 UYL

\ i \/ N
S LY [206
‘ 204
§ TR
L
L
.
§ current block

FIG. 2



WO 2019/191713 PCT/US2019/025042

3/

30% Non- MPM
modes

304

FIG. 3



WO 2019/191713 PCT/US2019/025042

4/11

Near-MPM
MPM
Non-MPM

FIG. 4



WO 2019/191713 PCT/US2019/025042

Key

<¢— - - — Near-MPM
+— MPM
<4 — — Non-MPM

FIG. S



WO 2019/191713 PCT/US2019/025042

6/11

600
T

602\/\ Select an MPM set for a current block
60% Select a near-MPM method to use

'

606 /" Calculate the intra prediction modes in the near-MPM set
based on the selected near-MPM method

l

60§/\ Calculate the non-MPM set based on the MPM set and the
near-MPM set

'

610\/\ Calculate the signaling to insert in the encoded bitstream

FIG. 6



026402W0O
WO 2019/191713 ALING FOR VIDEO CODINPCT/US2019/025042

yetal.

1/11
0~

702\/\ Select an intra prediction mode for the current block

Yes

MPM set used?

706,

b B

Near-MPM set used?

Set a flag indicating that the
MPM set is being used

l 712\’)
708")

Set a flag indicating that the

i lue for th SO
Set an index value for the near-MPM set is being used

selected intra prediction
mode in the MPM set

]

Set an index value for the
selected intra prediction
mode in the near-MPM set

716

oy B |

Set an index value for the
selected intra prediction
mode in the non-MPM set

FIG. 7



WO 2019/191713

800
T

026402W0O

ALING FOR VIDEO CODINPCT/US2019/025042

yetal.

8/11

802\/\

Select a current block to decode from the encoded
bitstream

Yes
MPM set used?

806

v

Determine the MPM index
in the encoded bitstream

810

bl W

Near-MPM set used?

ey

Determine the near-MPM
index in the encoded
bitstream

Determine the non-MPM
index in the encoded
bitstream

FIG. 8




026402W0O
WO 2019/191713 ALING FOR VIDEO CODINPCT/US2019/025042

yetal.

9/11

decode_one_intra_coding_block() {
002/ .
is_mpm_used_flag 1-bit flag
90% if (is_mpm_used_flag == 1)
90\6/\ mpm_index 2-bits (if 3 MPMs)
else {
is_near_mpm_used_flag 1-bit flag
90%/\ if (is_near_mpm_used_flag == 1)
91Q/\ near_mpm_index x-bits (depend on near MPM number)
else
912/
non_near_mpm_index y-bits (depend on near MPM number)
}
}

FIG. 9



026402W0O

01 "OIA

S
7
S 4
m owel] N uonesuadwos pue
m @oubsbm:ooo‘mA UONBWISS UOIOIN
= \_
5 % o101
W..
5 (
m Sunly doot-uy uond1paxd 1ug
: > o
x [ clol
z 101 (
m g p| uvonorpaid enuy

— \ 0101

™~

o

™—

(" uoneznuenb
9SI9AUL pueE 8001
\_ (WI0Jsue) 9SIoAU]
~\
wreansiq Surpooud ﬁ uoneznuenb ﬁ Sumonnted swrely
papoduyg Adonug < ﬁ pu® WIOJSUBI], ﬁ ¥90[q SuIpo) induy
J
9001 001 2001

| N

WO 2019/191713



026402W0O

11O

S

7

S

a

& (

z Jwely uonesuadwond

= papoda(] A > UOIIOIN

3 \. oIl

P

@]

m 8uayy dooj-u| uoIPIpald J31u|

a4

2 \.

= s 8011

22 ﬁ T ~

23
- »| uonoipasd eaju) »O
= \- Lz
— 9011

uollezinuenb
9SJaAUI pue
WJ0ojSueJ] 9SJAU|

vOll1

T

ﬁ
\

8uipooap Adosjug

weasuq
papoouy

[

[4UN!

WO 2019/191713

|



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2019/025042

A. CLASSIFICATION OF SUBJECT MATTER
HO4N 19/11(2014.01)i, HO4N 19/593(2014.01)i, HO4N 19/70(2014.01)i, HO4N 19/40(2014.01)i, HO4N 19/176(2014.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4N 19/11; GO6K 9/46; HO4N 19/00; HO4N 19/105; HO4N 19/13; HO4N 19/33; HO4N 19/59; HO4N 19/61; HO4N 7/12; HO4N 19/593;
HO4N 19/70; HO4N 19/40; HO4N 19/176

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: intra prediction mode, MPM (Mode probable mode) set, near-MPM, non-MPM, flag, index,
range, merging, decoding

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2017-0041603 A1 (INFOBRIDGE PTE. LTD.) 09 February 2017 1-4,6-7,9,11-12
See paragraph [0084]; claims 1-5; and figure 4. ,14-16,18-20

A 5,8,10,13,17

Y KR 10-2018-0019564 A (QUALCOMM INCORPORATED) 26 February 2018 1-4,6-7,18-19
See paragraph [0019]; claim 1; and figure 11.

Y US 2015-0172719 A1 (MEDIA TEK SINGAPORE PTE, LTD.) 18 June 2015 6-7,9,11-12,14-16
See paragraph [0025]; and claim 5. ,20

Y US 9838689 B2 (ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE) 14

05 December 2017
See column 10, lines 7-14; and claim 1.

A KR 10-1585565 B1 (MEDIATECK INC.) 14 January 2016 1-20
See paragraphs [0017], [0029].

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
09 August 2019 (09.08.2019) 12 August 2019 (12.08.2019)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office AHN, Jeong Hwan
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8633

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2019/025042
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2017-0041603 Al 09/02/2017 AU 2012-331601 Al 10/04/2014
AU 2016-203216 Al 09/06/2016
BR 112014007869 A2 18/04/2017
CA 2849028 Al 10/05/2013
CA 2976066 Al 10/05/2013
CN 107734334 A 23/02/2018
CN 107770534 A 06/03/2018
DK 2774122 T3 16/07/2018
EP 3364373 Al 22/08/2018
EP 3379492 Al 26/09/2018
ES 2669502 T3 28/05/2018
HR P20181016 T1 02/11/2018
HU E037565 T2 28/09/2018
IL 231705 A 28/05/2014
IL 247675 A 30/04/2018
IL 247676 A 31/10/2017
IN 3908CHN2014 A 16/10/2015
JP 2014-534751 A 18/12/2014
JP 2015-195614 A 05/11/2015
JP 2017-130969 A 27/07/2017
KR 10-2014-0074348 A 17/06/2014
MX 340474 B 08/07/2016
MX 340475 B 08/07/2016
NO 2774122 T3 08/09/2018
PE 20322014 Al 17/12/2014
RU 2014111828 A 10/12/2015
RU 2604340 C2 10/12/2016
SI 2774122 T1 29/06/2018
TW 201342936 A 16/10/2013
US 10015489 B2 03/07/2018
US 2014-0247868 Al 04/09/2014
US 9014262 B2 21/04/2015
US 9344728 B2 17/05/2016
US 9503726 B2 22/11/2016
WO 2013-064099 Al 10/05/2013
ZA 201600847 B 31/05/2017
KR 10-2018-0019564 A 26/02/2018 AU 2016-278963 Al 30/11/2017
BR 112017027269 A2 04/09/2018
CN 107750455 A 02/03/2018
EP 3311566 Al 25/04/2018
EP 3311570 Al 25/04/2018
JP 2018-523372 A 16/08/2018
JP 2018-523376 A 16/08/2018
KR 10-2018-0019565 A 26/02/2018
KR 10-2018-0019566 A 26/02/2018
TW 201717623 A 16/05/2017
TW 201717629 A 16/05/2017
US 2016-0373742 Al 22/12/2016

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2019/025042
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016-0373782 Al 22/12/2016
WO 2016-205702 Al 22/12/2016
US 2015-0172719 Al 18/06/2015 CN 104137540 A 05/11/2014
CN 104137540 B 20/04/2018
EP 2805510 Al 26/11/2014
KR 10-1752615 Bl 29/06/2017
KR 10-1896744 Bl 07/09/2018
NZ 626459 A 31/07/2015
US 2017-0078695 Al 16/03/2017
US 9936224 B2 03/04/2018
US 9838689 B2 05/12/2017 CN 103380622 A 30/10/2013
CN 107105237 A 29/08/2017
JP 2014-501092 A 16/01/2014
KR 10-1937213 Bl 11/01/2019
KR 10-2013-0110124 A 08/10/2013
US 10091502 B2 02/10/2018
US 2018-0063524 Al 01/03/2018
WO 2012-087035 A2 28/06/2012
WO 2012-087035 A3 07/09/2012
KR 10-1585565 Bl 14/01/2016 CN 103636203 A 12/03/2014
CN 106412585 A 15/02/2017
EP 3223521 Al 27/09/2017
MX 2013013523 A 27/02/2014
US 10123008 B2 06/11/2018
US 2014-0086323 Al 27/03/2014
US 2016-0142706 Al 19/05/2016
WO 2012-171463 Al 20/12/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

