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(57) Abstract: In some embodiments, a method selects a current block in a
frame and determines whether the current block is in a first set of positions
in the frame. When the current block is in the first set of positions: the
method loads a first set of motion vectors from a first list as historical
motion vector predictors, wherein the one or more motion vectors are from
one or more blocks in the first set of positions in the frame; and uses the
first set of motion vectors to transcode the current block. When the current
block is not in the first set of positions, the method uses a second set of
motion vectors from a second list.
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HISTORICAL MOTION VECTOR PREDICTION WITH RESET LIST

(8688} The present disclosure claims prionty to U5, NonProvisional Application No.
16/555,961, entitled “Historical Motion Vector Prediction with Reset List”, filed August 29,
2019, which claims the benetit of the filing date of U.S. Provisional App. No. 62/726,121 filed
August 31, 2018, the contents of which are incorporated herein by reference in their entiretics

for all purposes.

BACKGROUND

[8882] In a video coding framework, the video content is compressed via a set of processes:
prediction, transformation, quantization, and entropy coding. One prediction method is mter
prediction, which identifics a temporal redundancy between adjacent video frames. Inter
prediction then aims to remove the temporal redundancy among the adjacent video frames to
reduce the number of bits that are sent m an encoded bitstream.  For example, only the
difference between blocks in adjacent video frames ngeds to be sent when a temporal

redundancy is identified.

To perform inter prediction, the video frames are divided into blocks and motion vector (MV})
based motion compensation is applied. One part of motion compensation is sclecting a motion
vector. A motion vector may be a two-dimensional value that indicates an otfset, such as n a
two-dimensional pixel position, between a current block and its matching block in the
neighboring frame. The value mav include position offsets in horizontal and vertical
coordinates.  Motion vectors arc gencrated by a transcoder via various motion search
algorithms, and transmitted to a decoder, which uses the motion vectors in the decoding

PYOCess.

BRIEFF DESCRIPTION OF THE BRAWINGS

186883] FIG. 1 depicts a simplified system for performing motion prediction according to some

embodiments.
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[3004] FIG. 2 depicts an inter-coded frame with coding blocks according to some

embodiments.

18868} FIG. 3 depicts an example of row-by-row raster scan order for processing a current

frame according to some embodiments.

[8886] FIG. 4 depicts an example of a transcoder motion prediction block when using historical

motion vector prediction according to some embodiments.
{8687 FIG. 5 iliustrates an example of a problem when coding a current block €.

[8888] FIG. 6 depicts an example of transcoding a frame when using the reset hist according to

some embodiments.

[8888] FIG. 7 depicts a simplified flowchart of the process for storing motion vectors in the

historical motion vector predictor list according to some embodiments.

1883181 FIG. 8 depicts a simplified flowchart of a process for using the reset list to store motion

vectors 1n the historical motion vector predicior list according to some embodiments.
(8811} FIG. 9A depicts an example of wavefront coding.

{8612} FIG 9B depicts an example of wavefront coding using the reset list according to some

embodiments.
(8813} FIG. 10 depicts an example of a transcoding system according to some embodiments.
[8834) FIG. 11 depicts an example of a decoding system according to some embodiments.

BETAILED DESCRIPTION

[BOY5] Described hercin are techniques for a video coding svstem.  In the following
description, for purposes of explanation, numerous examples and specific details are set forth
i order to provide a thorough understanding of some embodiments. Some cmbodiments 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 turther include moditications and

cquivalents of the features and concepts described herem.
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3816} Some methods of motion vector prediction mclude: spatial motion vector prediction,
temporal motion vector prediction, and historical motion vector prediction.  Spatial motion
vector prediction uses a neighboring block’s motion vector as a predictor; temporal motion
vector prediction uses the block s motion vector in adjacent frames as a predictor; and historical

motion vector prediction utihizes a list of previously coded motion vectors as predictors.

[8817] Motion vectors {MVs) of neighboring blocks mav be similar to each other. A
transcoder may use this characteristic during motion vector prediction to further reduce the
overhead vsed to represent the motion vectors in the encoded bitstream.  The transcoder may

perform motion vector prediction based on the following, but other calculations may be used:
[B818] MV=MV predictor (MVP}+MV difference (MVD),

where MV 1s a motion vector position, a motion vector predictor (MYP} is a previously coded
motion vector, and a motion vector difference (MVD) is the residual value that the transcoder
transmits in the encoded bitstream. The residual value may be the changes from the motion
vector predictor to the motion vector for the current block. The transcoder may encode the
residual value using a number of bits that correspond to the value. As an amplitude of the value
goes up, the number of bits required {o encode the residual value goes up. Since the amplitude
of the motion vector difference should be smaller than the original motion vector, the number
of bits used in coding the motion vector can be reduced. That is, when the transcoder sends
the motion vector difference instead of the original motion vector, the transcoder uscs fower

bits 1 the encoded bitstream.

18818 Some embodiments enhance the bistorical motion vector prediction process by using
an additional list that is referred to as a reset list during a transcoding process. The transcoder
may usc the reset list when transcoding certain blocks in a frame, such as blocks at the
beginning of cach coding block row. The transcoder mayv use a dual-butter model to mplement
the process. For example, the transcoder uses a reset buffer to store historical motion vector
predictors from blocks at the beginning of each coding block row. The transcoder inserts these
historical motion vector predictors into a historical motion vector predictor buffer when the
transcoder is coding blocks at the beginning of each coding block row. The mserted historical
motion vector predictors may be more similar to motion vectors for blocks at the beginning of
cach row as will be described in more detail below. The use of more sinular historical motion

vector predictors may enhance the historical motion vector prediction by increasing the
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accuracy of motion vector prediction, especially at the beginning of cach coding block row.
Finally, the compression performance of the transcoder can be mmproved by inserting fewer

bits 1n the encoded bitstream because historical motion vector prediction is more effective.

18624 System Overview

j8628] FIG. 1 depicts a simplified system 100 for performing motion prediction according to
some embodiments. System 100 transcodes a source video asset, which may be anv type of
video, such as for a television show, movie, or video clip. The source video may need to be
transcoded mto one or more formats, such as formats at one or more bitrates. In some
embodiments, a server system 102 sends an encoded bitstream to client 104, For example,

server system 02 may be sending a video to a chient 104 for playback,

188221 Server system 102 includes a transcoder 106 that transcodes a 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 umt {(GPU), a field programmable gate array (FPGA), and/or a hardware
processor/iranscoder implemented in an application-specific integrated cireuit (ASIC).
Transcoding may be the conversion from one digital format to another digital format.
Transcoding may involve decoding the soarce format and encoding the source video mnto
another digital format, or converting the source content into videos with a specific resolution,
framerate, bitrate, codec, ctc. Also, encoding may be the conversion of analog source content

and 1o a digital format. As used, the term transcoding may nclude encoding.

18823} Durning the transcoding process, a transcoder motion prediction block 108 performs
motion prediction for a current block of a current frame. Purmg motion prediction, transcoder
motion prediction block 108 may generate and use a reset list when transcoding a current block,

which will be described in more detai} below.

(8824} Transcoder 106 transmits the resulting encoded bitstream to decoder 112 over a
network or other types of comnunication media. Decoder 112 receives the encoded bitstream
and a decoder motion prediction block 110 performs motion prediction during the decoding
process. During motion prediction, decoder motion prediction block 110 may generate and use
a list of historical motion predictions when performing decoding, which will be described in

more detail below. Given a coding block, decoder motion prediction block 110 will select a
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motion vector predictor from the list and receive the motion vector difference from bitstream.
For example, decoder motion prediction block 110 adds the difference to a motion vector
predictor to generate the motion vector for a current block. To make sure the transcoder 106
and decoder 110 work m consistent way and generate identical video, the following description

of process 18 applied to both transcoder 106 and decoder 110,

18823 Historical Motion Vegior Prediction

[8826] FIG. 2 depicts an mter~coded frame 200 with coding blocks 202 according to some
embodiments. Each coding block 202 mayv have one or more motion vectors 204 that point to
a position in another frame. That is, the arrows in FIG. 2 are motion vectors and point (o a
position i another frame in the video (not shown). Although one arrow is shown per block,

each block may include multiple motion veciors.

88271 Historical motion vector prediction maintains a first buffer, such as first-in-first-out
(FIFO) butter, with a list to store the historical motion vector predictors (HMVPs), which can
be used as the motion vector predictor candidates of a current coding block. FIG. 3 depicts an
example of a row-by-row raster scan order for processing a current frame according to some
embodiments. The processing order shown starts with biock 0 at 302 and transcoder motion
prediction block 108 processes coding blocks 1, 2, ., to block 23 at 304, Transcoder motion
prediction block 108 may process the coding blocks sequentially. Although this scan order is

described, other scan orders may be appreciated.

{8628} In a raster scan, transcoder motion prediction block 108 sub-divides an image into a
sequence of rows that sweep left to night in a direction, such as horizontally. When coding a
block, transcoder motion prediction block 108 may use the previous motion vectors from
blocks that have been already coded in the motion prediction process. Using block #16 as the
current coding block, transcoder motion prediction block 108 has coded the previous blocks #0
to #15 and transcoder motion prediction block 108 has stored the corresponding motion vectors,
Transcoder motion prediction block 108 can use these motion vectors as historical motion
vector predictors for block #16. However, in practical use, transcoder motion prediction block
108 cannot store all of the corresponding motion vectors for previously coded blocks. For
example, transcoder motion prediction block 108 may have storage limits that prevent all of

the previous motion vectors for the previously coded blocks to be stored.
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[8828] The following will describe the above limits in more detail. FIG. 4 depicts an example
of transcoder motion prediction block 108 when using historical motion vector prediction
according to some embodiments. When transcoder motion prediction block 108 processes a
current coding block C, transcoder motion prediction block 108 loads the historical motion
vector predictor candidates from a historical motion vector predictor list storage 402 {e.g,,
buffer). Transcoder motion prediction block 108 uses the historical motion vector predictors
as possible motion vector predictors during the transcoding process of the current block C.
That 1s, transcoder motion prediction block 108 may select one of the historical motion vector
predictors, such as a historical motion vector predictor that 15 closest i valug to the current
motion vecior for the current block. Then, transcoder motion prediction block 108 calculates
the motion vector difference between the historical motion vector predictor and the current

motion vector.

[8838] When the process of coding the block is finished, the transcoder motion prediction
block 108 stores the resulting motion vector wnto historical motion vector predictor list storage
402 to update the historical motion vector predictor list. The size of historical motion vector
predictor list may be always tixed; thus, when transcoder motion prediction block 108 adds
new motion vector predictors to the historical motion vector predictor list, the older motion
vector predictors may be removed, such as the oldest, if a FIFQ buffer 1s full. The choice of
the fist size is a tradeoff factor between complexity and coding efficiency. A larger historical
maotion vector predictor list requires more memory and i1s more complex to maintain, but may
mmprove the coding efficiency because the probability that the best motion vector predicior
exists in the historical motion vector predictor st will be higher. However, a smaller list will
be casier to maintain and take less time to scarch. In some cases, the historical motion vector

predictor list size 18 equal to between four and fen motion vectors.

18831} Using onlv a single histonical motion vector predictor list may not be cfficient under
certain cases, such as when coding the first N blocks of each coding block row. FIG. §
tustrates an example of a problem when coding a current block € at 502, A frame 500
mcludes blocks that have been coded previously at 504 (shaded blocks}) and blocks that have
not been coded vet at 506. Although the first block of a row 1s discussed, the first N blocks of
a row may experience a similar problem. However, the first block may not have a left-hand
neighbor so the use of the reset hist may be more beneficial for the first block of a row compared

to the second block of a row from the left-hand side. That 15, the second block in a row has the

6
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first block as a lefi-hand neighbor. However, the first block is at the lefimost edge of the row

and has no left-hand neighbor.

(8832} When transcoder motion prediction block 108 codes a block P at 508, motion vectors
from: the previous block at 510 that is adjacent to block P are available in the historical motion
vector predictor list and may be similar to motion vectors for block P, This similarity would
mcrease the coding etficiency compared to using motion vectors that may be less similar, such
as from block at 512, However, when transcoder motion prediction block 108 begins to process
current block C, the historical motion vector predictor ist may just include motion vectors from
the block P at 508 depending on the size of the historical motion vector predictor list. For
example, the block P may have had ten motion vectors that were stored in the historical motion
vector predictor list, which caused all other motion vectors to be removed from the historical
motion vector predictor fist. Duc to the spatial distance between block € and block P being
targe {¢.g., block C 1s on the lefi-side of the image and block P is on the night-side of the image),
there may be a high chance that the motion of block € and block P are totally independent.
This might be different if the blocks were next to gach other. Considering the positions of
block C and block P, the motion vectors in the historical motion vector predictor list may not
be relevant to the current block €. That is, if the lustorical motion vector predictor list size is
not large enough, there may no vsable historical motion vector predictors candidates in the
historical motion vector predictor list for current block €. As a result, the motion prediction
accuracy tor the blocks n the first coding block column in the frame is lower than other blocks

in frame 500, and the compression efficiency of blocks in this region may be worse.

[8833] To address the above-mentioned problem, transcoder motion prediction block 108 uses
a reset list to reset the histonical motion vector predictor list when processing some blocks in
an arca of a frame, such as the left side of the frame. For example, transcoder motion prediction
block 108 uses a dual-list storage model that mncludes a regular historical motion vector
predictor list and a reset list. The regular historical motion vector predictor list 1s the list that
is retrieved during transcoding of a carrent block and updated afier the processing of a coding
block as discussed above. The reset list stores the motion vectors from N blocks at the left side
of the frame that were previously coded for use when blocks on the left side of the frame are

currently being coded.

[8834] Historical Motion Vector Prediction Using a Reset List
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[8835] FIG. 6 depicts an example of transcoding frame 300 when using the reset fist according
to some embodiments. In cach coding block row, after the first N coding blocks (e.g., TO, T1,
..., TN} are processed from the left hand side of the row, transcoder motion prediction block
108 copics and storcs at Icast a portion of the cntrics in regular historical motion vector

predictor st from the first N coding blocks into a reset list.

[8836] Then, later on in the coding process, when transcoder motion prediction block 108 1
coding a block at the beginning of gach coding block row, ¢.g., at a coding unit C at 502,
transcoder motion prediction block 108 may copy and store at least some entries in the reset
list mito the regular historical motion vector predictor list.  For example, transcoder motion
prediction block 108 copies motion vectors from a block TO at 602 and a block T1 at 604 up to
a block TN from the reset hist into the regular historical motion vector predictor list. Then, the
blocks in the first coding block colmn in frame 500 can use motion vectors from the top
neighboring blocks to perform lustorical motion vector prediction. The motion vectors from
the top neighboring blocks may be more similar to a motion vector of the current block C at
502 compared to motion vectors from the blocks at the rightmost side of the frame because the
top neighboring blocks are adjacent to the current block €, such as adjacent to a top edge of
the current block C, or closer to the current block C compared to the right-most block in the
frame. These blocks may be more likely to contain similar content compared to the right-most
block or other blocks farther away from the current block €. Thus, the motion prediction

accuracy and coding cfficicncy may increase.

168371 Also, in some embodiments, transcoder motion prediction block 108 can store other
types of motion vectors i the reset hist, such as, motion vectors with a horizontal component
and a vertical component equal to zere, or global motion vectors tracking the overall motion
of video content, and so on. These motion vectors may be defaunlt motion vectors or predefined
motion vectors. Also, transcoder motion prediction block 108 may analyze characteristics of
the video and store certain motion vectors 1n the reset list, such as when motion is moving
horizontally, transcoder motion prediction block 108 stores a horizontal motion vector in the
reset list.  Also, the regular historical motion vector predictor list of current block  may be

mitialized to have pre-defined entries, which can also improve the motion prediction accuracy.

18038} FIG. 7 depicts a simplified flowchart 700 of the process for storing motion vectors in

the historical motion vector predictor Iist according to some embodiments. At 702, transcoder
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motion prediction block 108 starts transcoding a frame 500, At 704, transcoder motion

prediction block 108 initializes the historical motion vector predictor st

[8839] At 706, transcoder motion prediction block 108 starts coding a current block C 502, At
708, transcoder motion prediction block 108 retrieves the historical motion vector predictors
from the historical motion vector predictor list. Then, at 710, transcoder motion prediction
block 108 transcodes the current block usig motion vectors from the historical motion vector
predictor list. After transcoding the corrent block, at 712, transcoder motion prediction block
108 updates the hisionical motion vector predictor list with the resulting motion vectors from
the current block. At 714, transcoder motion prediction block 108 determines if there are more
blocks m the current frame to process. If so, the process reiterates to 706 to process another
block. Ifnot, at 716, transcoder motion prediction block 108 finishes processing current frame

300
1683407 Reset Hist

[8848] Transcoder motion prediction block 108 may use the process in FIG. 7 when processing
some of the blocks of current frame 300 in a first portion of current frame 500, such as blocks
on the right side of current frame 500. However, when processing some blocks in a second
portion of current frame 500, such as in the first column of current frame 500 or the left side
of current frame 500, transcoder motion prediction block 108 uses the reset list. FIG. 8 depicts
a simplified flowchart 800 of a process for using the reset list to store motion vectors in the
historical motion vector predictor list according to some embodiments. At 802, transcoder
motion prediction block 108 starts coding a current frame 500, At 804, transcoder motion

prediction block 108 initializes the historical motion vector predictor list and the reset list.

188427 At 806, transcoder motion prediction block 108 starts coding a current block € 302, At
802, transcoder motion prediction block 108 determines if the current block 1s the first block
of the row (or a block in a second portion that uses the reset list). Ifthis is the first block of the
row, at 810, transcoder motion prediction block 108 copies at least a portion of the reset list to
the historical motion vector predictor list. This may reset the historical motion vector predictor
list. Depending on the size ot the historical motion vector predictor list, all the existing motion
vectors may be replaced in the historical motion vector predictor list by motion vectors from
the reset list or only some of the existing motion vectors in the historical motion vector

predictor list are replaced. Alternatively, transcoder motion prediction block 108 may usc the
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reset Hist instead of the historical motion vector predictor hist. Or, transcoder motion prediction
block 108 may retrieve motion vector predictors from both hists. Then, at 812, transcoder
motion prediction block 108 retrieves the historical motion vector predictors from the historical
motion vector predictor list. At 814, transcoder motion prediction block 108 processes the

current block C 302 using the historical motion vector predictor list.

[8843] Upon fimshing the transcoding of current block € 502, transcoder motion prediction
block 108 stores a motion vector from the transcoding m the historical motion vector predictor
list. The motion vectors stored in the reset list are the ones from blocks on the left side of the
frame. Accordingly, at 818, transcoder motion prediction block 108 determines if the current
block C that has just been transcoded 1s one of N coding blocks from a row. If so, at 820,
transcoder motion prediction block 108 stores motion vectors from the historical motion vector
predictor list into the reset list.  Altemnatively, transcoder motion prediction block 108 stores
the motion vectors from the current block € into the reset Tist. At 822, transcoder motion
prediction block 108 determines if there are more blocks 1n the current frame to process. If so,
the process reiterates to 806 to process another block. I not, at 824, transcoder motion

prediction block 108 finishes processing current frame 500,

[8044] Accordinglv, when the current block is one of the first N coding blocks of the frame,
the tustorical motion vector predictor list includes motion vectors from other blocks on the left
side of the frame. However, when the current block is not in the left N most blocks of the
frame, the historical motion vector predictor list includes the typical motion vectors previously
stored from the adjacent blocks. When N coding blocks from the lefi-hand side were
transcoded, the transcoder motion prediction block 108 stores the motion vectors in the
historical motion vector predictor list and also the reset hist. When blocks other than the N
coding blocks from the lefi-hand side of the row were transcoded, the transcoder motion
prediction block 108 stores the motion vectors in only the historical motion vector predictor

fist.

[8848] In another example, the existing single historical motion vector predictor hist method
may be difficult to use when performing wavefront paralle]l coding, which processes rows of
blocks in parallel. FIG. 9A depicts an example of wavefront coding. The coding of a block at
a beginning of a row N has to wait {or the finish of the blocks of row N-1. That 1s, thread #1

at 902 cannot start coding a block 1 row N until the thread #0 at 904 processes the whole block

1
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row. However, using the reset list may increase the efficiency of the wavefront coding,
allowing the coding to be performed in parallel. FIG OB depicts an example of wavetront
coding using the reset list according to some embodiments. For example, once the reset list of
row N-1 (the row before row N) 1s filled with motion vectors at 906, thread #1 can start coding
row N immediately because some motion vectors for the first N blocks have been stored in the

reset list.

j8648] Decoder side motion prediction

[8847] When decoder motion prediction block 110 receives an encoded bitstream, decoder
motion prediction block 110 decodes a current block., To determine the motion vector for a
current block, decoder motion prediction block 110 uses the historical motion vector predicior
tist with the reset list. Once having determined the motion vector and the reference block,
decoder motion prediction block 110 uses the residual 10 the encoded bitstream and the valugs

of the reference block to decode the current block.
[6648] Embodiments

8848} In some embodiments, a method includes: selecting, by a computing device, a current
block in a frame; determining. by the computing device, whether the current block is in a first
set of positions in the frame; when the current block is in the first set of positions: loading, by
the computing device, a first set of motion vectors from a first list as historical motion vector
predictors, wherein the one or more motion vectors are from one or more blocks in the first sct
of positions in the frame; and using, by the computing device, the first set of motion vectors to
transcode the current block; and when the current block is not in the first set of positions, using,

bv the computing device, a second set of motion vectors from a second list,

[88356] In some embodiments, the first set of positions in the frame comprise N blocks from a

left side of the frame.

8858 ] In some embodiments, the first set of posiions in the frame includes a leftmost block

from a left side of the frame.

[8852} In some embodiments, the one or more blocks comprise a block that neighbors the

current block on a top edge of the current block.

il
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j8853] In some embodiments, loading the first set of motion vectors from the fivst list as
historical motion vector predictors inclades: loading the first set of motion vectors into the

second list.

(8854} In some embodiments, motion veetors in the second list are used to transcode the

current block when the current block is in the first sct of positions.

{B638) In some embodiments, loading the first set of motion vectors into the second fist

removes some existing motion vectors in the second Jist.

[8036] In some embodiments, the second list stores historical motion vector predictors from

blocks that were sequentially transcoded before the current block.

188571 In some embodiments, the first list is not used when blocks outside of the first set of

blocks are transcoded.

[B838] In some embodiments, the method further mcludes: selecting one of the historical
motion vector predictors; calculating a difference between the one of the historical motion
vector predictors and a motion vector of the current block: ncluding the difference in an

encoded bitstream.

(8839} In some embodiments, the method further inchudes: storing a motion vector for the
current block m the first list, wherein the motion vector 1s usable as a hustorical motion vector

predictor for another block in the first set of positions.

[88568] In some cmbodiments, the first hist includes motion vectors from blocks m the first set

of positions,

j8861] In some embodiments, when the current block 1s in the first set of posttions: the current

block 1s transcoded before blocks 1n a previous row are finished being transcoded.

(8862} In some embodiments, a non-transitory computer-readable storage medium has stored
thereon computer oxcoutable nstructions, which when executed by a computing device, cause
the computing device to be operable for: selecting a cwrrent block m a frame; deternuning
whether the current block is in a first set of positions 1n the frame; when the current block is in
the first set of positions: loading a first set of motion vectors from a first list as historical motion

vector predictors, wherein the one or more motion vectors are from one or more blocks in the

12
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first sct of positions in the frame; and using the first set of motion vectors to transcode the
current block; and when the current block 1s not in the first set of positions, using a second set

of motion vectors from a second list.

(8663} In some embodiments, the first set of positions in the frame comprise N blocks from a

left side of the frame.

18664} In some embodiments, the first set of positions in the frame includes a lefimost block

from a left side of the frame.

[8063] In some embodiments, the one or more blocks comprise a block that neighbors the

current block on a top edge of the current block.

[68366] In some cmbodiments, loading the first set of motion vectors from the first list as
historical motion vector predictors mcludes: loading the first set of motion vectors into the

second list.

8867} In some embodiments, the first list is not ased when blocks outside of the first set of

blocks are transcoded.

(8868} In some embodiments, an apparatus includes: one or more computer processors; and a
computer-readable storage medium includes instructions for controlling the one or more
compuier processors 1o be operable for: selecting a current block in a frame; determuning
whether the current block s in a first set of positions in the frame; when the current block s
the first set of positions: loading a first set of motion vectors from a first list as historical
motion vector predictors, wherein the one or more motion vectors are from one or more blocks
m the first set of positions in the frame; and using the first set of motion vectors to transcode
the current block; and when the current block 15 not in the first set of positions, using a second

set of motion vectors from a second list.
[8868] Svstem

[8874] FIG. 10 depicts an example of a transcoding system according to some embodiments.
A video codec framework ncludes a set of fundamental components: block partitioning, mter

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

—
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[8878] Transcoder 106 receives a frame of a video, which s 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 patteras and shapes may be both used together, for
example quad-trec pattern, triple-tree pattern, and binaryv-trec pattern can be all used together,

while square blocks and rectangular blocks can alsc be used together.

[8872] Prediction 1s 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 sigrmificantly reduced, thus the resulting bitstream size can be reduced. An intra prediction
block 1010, which 1s using reference pixels i the current frame, aims to reduce the spatal
redundancy within the frame. An inter prediction block 1012, which 1s 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.

(8873} A transform and guantization block 1004 uses the residual pixels after intra or mter
prediction. Transtorm and quantization block 1004 performs a transform operation that
represents the residual signal in a frequency domain. Considering the human visual system 1s
more sensitive to 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 trequency signals,

(8874} To avoid the out-of-syne issue between transcoder 106 and decoder 112, transcoder 106
contains decoding modules to make sure both transcoder 106 and decoder 112 are using
wdentical mathematical processes. Thus, an inverse transform and inverse gquantization block
1008 is similar to the same block on the decoder side. Inverse transform and inverse

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

(88758} An in-loop filter 1014 removes any visual artifacts that are wntroduced by the above-
mentioned processes. Various filiering methods are applied on the reconstructed frame in a
cascaded way to reduce different artifacts, mcluding but not limited to the blocking artifacts,

mosquito artifacts, color banding offects, ¢ic.

14
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[3876] An entropy encoding block 1006 may further compress the bitstream using a model-
based method. Transcoder 106 transmits the resulting encoded bitstream to decoder 112 over

a network or other types of medivm.

18877} FIG. 11 depicts an example of a decoding system according to some embodiments.
Decoder 112 receives the encoded bitstream and mputs it into an entropy decoding block 1102
to recover the mformation needed for decoding process. As above-mentioned, a decoded frame
can be decoded by using an inverse transform and inverse quantization block 1104, an mtra
prediction block 1106 or inter prediction block 1108, motion compensation block 1110, and

m-loop filtering block 1112 in the same way to build a decoded frame.

[887R] Some embodiments may be tmplemented in a non-transitory computer-rcadable storage
medum for use by or in connection with the mstruction execution system, apparatus, svstem,
or machine, The computer-readable storage medium containg tnstructions for controlling a
computer system to perform a method described by some embodiments. The computer system
may include one or more computing devices. The mstructions, when executed by one or more
computer processors, may be configured or operable to perform that which is described in some

embodiments.

[T ERTI

8879} Asused in the description herein and throughout the claims that follow, “a”, “an™, and
“the” mchudes 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” uniess the context clearly dictates otherwise.

[8088] 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 flexibibity
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

cquivalents may be employed without departing from the scope hereof as defined by the claims.
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CLAIMS
What 1s claimed 1s:

1. A method comprising:
selecting, by a computing device, a current block in a frame;
determining, by the computing device, whether the current block is in a first set of
positions 1n the frame;
when the current block is in the first set of positions:
lpading, by the computing device, a first set of motion vectors from a first
list as historical motion vector predictors, wherein the one or more motion vectors are from
one or more blocks in the first set of positions in the frame; and
using, by the computing device, the first set of motion vectors to transcode
the current block; and
when the current block 1s not in the first set of positions, using, by the computing

device, a second set of moiion vectors from a second list.

2. The method of claim 1, wherein the first set of positions in the frame

comprise N blocks from a left side of the frame.

3. The method of claim 1, wherein the first set of positions in the frame

comprises a leftmost block from a left side of the frame.

4, The method of claim 1, wherein the one or more blocks comprise a block

that neighbors the current block on a top edge of the current block.

5. The method of claim 1, wherein loading the first set of motion vectors from
the first list as historical motion vector predictors comprises:

loading the first set of motion vectors mnto the second list.

16
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6. The method of claim 5, wherein motion vectors in the second list are used

to transcode the current block when the current block is in the first set of positions.

7. The method of claim 5, wherein loading the first set of motion vectors mto

the second list removes some existing motion vectors in the second hist.

8. The method of claim 1, wherein the second list stores historical motion

vector predictors from blocks that were sequentially transcoded before the current block.

9, The method of claim 1, wherein the first st 1s not used when blocks outside

of the first set of blocks are transcoded.

10. The method of claim 1, further comprising:

selecting one of the historical motion vector predictors;

calculating a difference between the one of the historical motion vector predictors
and a motion vector of the current block;

mncluding the difference in an encoded bitstream.

11 The method of claim 1, further comprising;
storing a motion vector for the current block in the first list, wherein the motion

vector 1s usable as a historical motion vector predictor for another block in the first set of positions.

12. The method of claim 1, wherein the first list includes motion vectors from

blocks in the first set of positions.

17
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13. The method of claim 1, when the current block s in the first set of positions:
the current block is transcoded before blocks in a previous row are finished being

transcoded.

14, 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 current block 1n a frame;

determining whether the current block is in a first set of positions in the frame;

when the current block s in the first set of positions:

loading a first set of motion vectors from a first list as historical motion
vector predictors, wherein the one or more motion vectors are from one or more blocks in
the first set of positions in the frame; and
using the first set of motion vectors to transcode the current block; and
when the current block 1s not in the first set of posttions, using a second set of

motion vectors from a second list.

15 The non-transitory computer-readable storage medium of claim 14, wherein

the first set of positions in the frame comprise N blocks from a left side of the frame.

6. The non-transitory computer-readable storage medium of claim 14, wheremn

the first set of positions in the frame comprises a leftmost block from a left side of the frame.

17. The non-transitory computer-readable storage medium of claim 14, wherein
the one or more blocks comprise a block that neighbors the current block on a top edge of the

current block

18
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18. The non-transitory computer-readable storage medium of claim 14, wherein
loading the first set of motion vectors from the first list as historical motion vector predictors
comprises:

loading the first set of motion vectors into the second hist.

19. The non-transitory computer-readable storage medium of claim 14, wherem

the first list 1s not used when blocks outside of the first set of blocks are transcoded.

20. An apparatus comprising;
one or more computer processors; and
a computer-readable storage medium comprising instructions for controlling the
one or more computer processors to be operable for
selecting a current block in a frame;
determining whether the current block is in a first set of positions mn the frame;
when the current block is in the first set of positions:
loading a first set of motion vectors from a first list as historical motion
vector predictors, wherein the one or more motion vectors are from one or more blocks in
the first set of positions in the frame; and
using the first set of motion vectors to transcode the current block; and
when the current block is not in the first set of positions, using a second set of

mation vectors from a second hist.
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