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(57) Abstract: In some embodiments, a method selects a first tem-
plate of pixels that is outside of a first block and a second template
of pixels that is outside of the first block. Then, the method selects
a first region of pixels that are inside the first block and a second
region of pixels that are inside the first block. A first weight is cal-
culated based on the first template of pixels and the first region of
pixels and a second weight is calculated based on the second tem-
plate of pixels and the second region of pixels. The first weight and
the second weight are used in a motion prediction search for a sec-
ond block.
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SELECTIVE TEMPLATE MATCHING IN VIDEO CODING

CROSS REFERENCE TO RELATED APPLICATIONS

18888 The present disclosure claims priority to US. NonProvisional Application No.
16/556,015, entitled “Selective Template Matching In Video Coding”, filed August 29, 2019,
claims the benefit of the filing date of U.S. Provisional App. No. 62/726,125 filed August 31,
2018, the contents of which are incorporated herein by reference in their entireties for all

PUIPOSES.

BACKGROUND

[8862] In a video coding framework, video content is compressed via a set of processes:
prediction, transformation, quantization, and entropy coding. Inter prediction is a type of
prediction in which the temporal redvndancy between adjacent video frames 1s reduced. Inter
prediction first deternines a iemplate from neighbonng blocks to a current block that is
currently being coded {¢.g., encoded or decoded). Then, a video transcoder or decoder uses
the template to find the best matching area mside a search region of a reference frame. In the
scarch, the wideo transcoder or decoder determines a motion vector to a reference block
assoctated with the matching template arca. In some cases, the neighboring template region
may not be similar to the content in the current block. In this case, when a matching template
area is found, the reference block may not be the best match to the current block being coded.
Then, the matching template search process may generate sub-optimal results when the

neighboring temoplate region has less similarity to the coding block.

BRIEF DESCRIPTION OF THE BRAWINGS

j8883] FIG. | depicts a simplified system for performing motion prediction according to some

embodiments.
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1668641 FIG. 2 depicts a template matching search process for mter prediction according to

some embodiments.

[3885] FIG. 3 depicts cases of finding matching templates in which neighborning blocks are not

similar.

[8886] FIG. 4 depicts a simplified flowchart of a method for performing the matching template

search process for a first option #1 according to some embodiments.

(8887} FIGs. 5A and 5B depict examples of a current block € to illastrate the maiching

template search process according to some embodiments.

(8688} FIG. 6 depicts a simplified flowchart of a matching template search process at a decoder

according to some embodiments.

186691 FIG. 7 depicts an example of a current frame and a refercnce frame in the maiching

template search process at the decoder according to some embodiments,

(8818} FIG. 8 depicts a simplified flowchart of a method for performing the matching termplate

search process for a second option #2 according to some embodiments.

[6611] FIG. 9 depicts the frames used in the matching template scarch process for the second

option #2 according to some embodiments.
[8612] FIG. 10 depicts an example of a transcoding system according to some embodiments.
166131 FIG. 11 depicts an example of a decoding svstem according to some embodiments.

BETAILED DESCRIPTION

[3814] Described herein are technigues for a video coding system.  In the following
description, for purposes of explanation, numercus examples and specific details are s¢t forth
1 order to provide a thorough understanding of some embodiments. Some cmbodiments as
defined by the claims may mmclude some or all of the features in these examples alone or n
combination with other features described below, and may further mmchide modifications and

equivalents of the features and concepts described herein.

Z
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[8815] Dunng motion prediction, a transcoder or decoder may determine a rough reforence
block for a current block. The transcoder or decoder uses the rough reference block to perform
motion prediction to find a final reference block. To determine the final reference block, the
transcoder or decoder may use template regions, which arc neighboring areas to the current
block and the rough reference block. Sometimes, the template regions may not optimal, such
as the template regions may not be similar in content to the current block or the rough reference
block, such as when the rough reference block or current block are within an object and the
template regions are not within the object. The use of template regions that are not optimal
may result in less efficient compression of the encoded bitstream.  Some embodiments can
detect the rehability of template regions and lessen the effect of regions that are less simlar to
the current coding block being coded during a motion prediction search. The motion prediction
search accuracy of template matching is improved, and the resulting compression performance

of the video codec 1s increased.

(68167 Svstem

18817] 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 any type of
video, such as for a television show, movie, or video clip. The source video may need to be
transcoded nto one or more formats, such as formats having 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.

[8818] Server system 102 includes a transcoder 106 that transcodes a video nto an encoded
bitstream. Transcoder 106 may be a software video processor/transcoder configured on a
central processing unit (CPU), a hardware accelerated video processorfiranscoder with a
graphical processing umit {GPL), a field programmable gate amray (FPGA), and/or a hardware
processor/transcoder implemented m an  application-specific integrated circmt (ASIC).
Transcoding may be the conversion from one digitel format to another digital format.
Transcoding may involve decoding the source format and encoding the source video mto
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.

~
2
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1668191 Dunng the transcoding process, a transcoder motion prediction block 108 performs
motion prediction for a current block of a current frame. During motion prediction, transcoder
motion prediction block 108 may perform a template scarch process, which will be described

in more detail below.

18428} Transcoder 106 transmits the resulting encoded bitstream fo decoder 112 over a
network or other types of medium. 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 perform a template search

process, which will be described in more detait below.

j[$3621] The template search process in transcoder motion prediction block 108 and/or decoder
motion prediction block 110 may be optimized by adjusting the weights that are applied to
template regions. Transcoder motion prediction block 108 and/or decoder motion prediction
block 110 uvse weighted template regions to determine a final reference block to the current

block.

188221 In some embodiments, the template search by transcoder motion prediction block 108
and decoder motion prediction block 110 uses fewer hits in the encoded bitstream. A rough
motion vector may be signaled in the encoded bitstream and then both transcoder motion
prediction block 108 and decoder motion prediction block 110 determine a final motion vector
to a final reference block. Transcoder motion prediction block 108 determines the residual
between the current block and the final refercnce block and signals the residual in the encoded
bitstream. Once receiving the rough motion vector, decoder motion prediction block 110
searches for the final motion vectors and arrives at the same final motion vector as transcoder
motion prediction block 108, Decoder motion prediction block 110 can then apply the residual

to the tinal reference block to decode the current block.

[(623] A motion vector may be atwo-dimensional position otfset between a current block and
a reterence block. A decimal precision motion vector may be used, such as (10.25,45). A
motion search searches for these finer granulanty positions and finds the best reference block,

which s the block most similar to the current block. Signaling these motion vectors requires
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a number of bits to represent both horizontal and vertical components in both integer and

decimal digits.

j8824] In a template matched based motion refine scheme, a rough motion vector 1s a low
precision motion vector, for example, it could be an integer-only motion vector, or more
aggressively, a multiple of values, such as 2, 4, etc. Signaling this rough motion vector such
as by signaling (10, 4) spends fower bits. Then transcoder motion prediction block 108 and
decoder motion prediction block 110 can start from the rough motion vector to derive the final

motion vector by themselves without any further signaling on the final motion vector.

[8825] In some embodiments, the rough motion vector could be a copy of amotion vector from
the existing neighboring blocks, or a global motion vector. The rough motion vector could be
signaled by an index flag or an mndex i the encoded bitstream, which is done with fewer bits
compared with signaling motion vectors. Decoder motion prediction block 110 can also be
applied on these rough motion vectors to generate the final motion vectors for the current

coding block.

188281 Maiching template search process

(8827} FIG. 2 depicts a template matching search process for mter prediction according to
some embodiments. The template matching search process may be performed by acodec (e g,
a module n transcoder 106 and/or decoder 112} that is transcoding a video into an encoded
bitstream or decoding the encoded bitstream. The process may be referred to as decoder side
motion derivation; however, although the process is referred to as decoder side motion
derivation, transcoder motion prediction block 108 of transcoder 106 and decoder motion
prediction block 110 of decoder 112 may both perform the described motion template search

Process.

8828} The following will describe a matching template search process i general for
background. Given a current coding block C 200 that is being transcoded in a current frame
201, transcoder motion prediction block 108 determines a template from neighboring decoded
pixels. The template may melude neighboring pixels to current block 200, such as the top

neighboring pixels 202-1 and the left neighboring decoded pixels 202-2 from the current coding

(v
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block. The top neighboring pixels include pixels that are on top of the current block and the
left neighboring decoded pixels include pixels that are to the left of the current block. Although
these positions are described, other positions may be appreciated. Also, although two template
regions are described, more than two template regions may be used. The pixels n top
neighboring pixels 202-1 and the left neighboring decoded pixels 202-2 have been transcoded

and then decoded.

[882%9] Transcoder motion prediction block 108 uses top neighboring pixels 202-1 and the left
neighboring decoded pixels 202-2 to find a template inside a search region of a reference frame
204 that 1s similar to top neighboring pixels 202-1 and the left neighboring decoded pixcels 202-
2. The template area includes pixels that neighbor a rough reference block R 206, such as top
neighboring pixels 210-1 and the left neighboring decoded pixels 210-2. Then, transcoder
motion prediction block 108 determines the rough motion vector (MV) 208 of current block C
that points to a rough reference block R 206 based on the template matching results. The search
region may be based on a rough motion vector. Transcoder motion prediction block 108 can

send information identifying rough motion vector 208 in the encoded bitstream to decoder 112.

8838} Decoder 112 receives the encoded bitstream and then decodes the bitstream. During
the decoding process, decoder motion prediction block 110 determines the rough motion vector
and identifies the template for a rough reference block R 206. However, decoder motion
prediction block 110 may also search for a block that provides a better maich to current block
€ 200 compared to rough reference block R 206, In this case, decoder motion prediction block
110 performs a scarch to find a final motion vector to a final reference block inside a search
region of reference frame 204, which will be described in more detail below. If decoder 112
determines a final reference block R 206, decoder 112 decodes the current block using the final
reference block R and a residual from the encoded bitstream. For example, decoder 112 may
combine the residual with final reference block R to generate the pixcls for the current block
. Accordingly, both transcoder motion prediction block 108 and decoder motion prediction
block 110 perform the same search for the final motion vector after determining the rough

motion vector to arrive at the same final reference block.

[8638] To determine a final reference block that is considered to have a better similanity {¢.g.,

an optimal similartty in the search region) to current block C 200, transcoder motion prediction
6
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block 108 or decoder motion prediction block 110 may calculate a similarity of a reference
block to current block € 200, For example, transcoder motion prediction block 108 or decoder
motion prediction block 110 may use a fumetion, such a cost function, to calculate the simularnity
during the motion search tor the final reference block. In some embodiments, the cost function

may be:
R = argmin Cost(C, R}, where Cost{(C, R} = Dist(T¢, T} + Dist{L¢, Lg),

where Dist(X,Y) is a measurement of similarify between two given blocks, e.g., block X and
block Y, T 18 a top template 202-1 for the current block €, Tr 1s a top template Tr 210-1 for
a rough reference block R, Lo is a left template 202-2 for the current block C, and Lr is 3 left
template Le 210-2 for a rough reference block R. The distance may be between corresponding
pixel values in the template for current block C 200 and the template for a prospective final
reference block. In some embodiments, the similarity 1s a distance, which may be measured

by a Sum of Absolute Distortion (SAD), a Sum of Square Distortion (85D}, ¢tc.

{8632} in a conventional design of the matching template search process on the decoder side,
the left template and top template cqually contnbute to similarity in the cost function.
However, it 1s possible that the left or top neighbors are not similar o the current block. FIG.
3 depicts cases of finding matching templates in which neighboring blocks are not similar. A
frame 300 includes a first object 302-1 and a second ohiect 302-2, which may be objects in the

video.

[8033] A current block €1 304-1 15 1n first object 302-1. That 1s, current block C1 304-1
mnciudes content for fivst object 302-1. For current block C1 304-1, template T1 306-1 is not
in first object 302-1 which includes current block C1 304-1, and thas using template T1 306-1
may introduce maccuracies in cost. That is, template T1 306-1 may include content that may
be largely different from current block C1 304-1 because 1t 1s expected that the content in object

302-1 may be more similar than content outside of first object 302-1.

j8834] A current block C2 304-2 is m second object 302-2. That is, current block C2 304-2

mclades content for second object 302-2. Similarly, for current block €2 304-2, template L2
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306-2 is not in second object 302-2, which includes current block €2 304-2. Thus, using

template 1.2 306-2 may also introduce inaccuracies in cost,

8835} The above maccuracies occur because when a matching template to template T or L2
is found, the associated final reference block may not be sinular to the current block C1 or C2,
respectively. Under these cases, the template matching motion prediction results may not be
accurate, which may result in compression performance loss. However, if the template T1 or
the tempiate L2 was in the same object as the current block, then it 1s more hkely that the final
reference block 1s more similar to the current block becanse the matching template search
process 1s looking for a template for a final reference block that includes similar content to the

current block.

168835] Accordingly, instead of using a fixed cost function, some cmbodiments may adjust the
contribution of selected template regions. For example, transcoder motion prediction block
108 or decoder motion prediction block 110 may selectively priontize template regions for a
block based on a similarity measurement. In some embodiments, transcoder motion prediction
block 108 or decoder motion prediction block 110 may assign different weighting factors to
the template regions, such as the left template and the top template, when calculating the
similarity using the cost function. For example, transcoder motion prediction block 108 or

decoder motion prediction block 110 may use the following cost function:
R = argmin Cost(C, R}, where Cost{C,R) = Wy - Dist{Te, Tp) + W - Dist(L¢, LpJ.

where a weighting factor Wy and a weighting factor W reflect a weighting to adjust a
contribution of the top template and the lett template, respectively, to the cost. The term argmin
calculates the smallest cost for the cost function of Cost(C, R}, where C is the carrent block C,
and R is the rough reference block R. The argmin function, given the current block C, searches
for a refercnce block R that can generate a mimimum cost. The cost of a current block C and a
rough reference block R is based on a first weighting factor Wy of the distance between a top
template Tc of the current block and a top template Tr of the rough reference block. Also, the
cost of current block € 200 and a rough reference block R 1s based on a sccond weighting factor
W, of the distance between a left template Lo of current block C 200 and a left template Er of
the rough reference block. If ong of the left or top template has a stronger similarity with

3
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current block C 200, some embodiments may generate the corresponding weighting factor to

be larger.

[8837] Transcoder motion prediction block 108 or decoder motion prediction block 110 may
use different methods to determine the weighting factors. In a first option #1, transcoder
motion prediction block 108 denives the weighting factors, and sends the weighting factors to
decoder motion prediction block 110, Then, decoder motion prediction block 110 uses the
weighting factors in the matching template scarch process. In a second option #2, decoder

motion prediction block 110 derives the weighting factors itself

[8838] First Option #1 of Determining the Weighting Factors

[883%] FIG. 4 depicts a simplified flowchart 400 of a method for performing the matching
template search process for first option #1 according to some embodiments. Also, the method
will be described with respect to FIGs. 5A and 5B, which depict examples of a current block
C 200 to itlustrate the matching template search process according to some embodiments. At
402, at the transcoder side, transcoder motion prediction block 108 recetves a current block C
200 to transcode. At 404 and in FIG. 5A, transcoder motion prediction block 108 analvzes a
size of the left template Lc 202-2 to the current block € 200, and selects a similar sized arca in
the carrent block C, such as region L.'¢ 502, For example, transcoder motion prediction block
108 determines the size of left template Lo 202-2 by measuring a height n and a widthm. Then,
transcoder motion prediction block 108 determines a similar size block in current block € 200,
Although a neighboring region to left template Lo 202-2 15 selected, other regions could be

used in different areas of current block C 200,

[8844] Then, at 406, transcoder motion prediction block 108 calculates the per-pixel distance
between left template Lo 202-2 and region L' ¢ 502-1. In some embodiments, transcoder motion
prediction block 108 may use the following to determine the distance, but other calculations

may be appreciated:

. . Lo{ii)—Lic(im—i)]
DES'C(:LC, LIC) — 2 L) —Lrc(im }}j,

mxn
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where (i, 1) are pixel coordinates in left template Le 202-2, and (1, m-j} are corresponding pixel
coordinates in region Lo 502-1. The calculation takes the difference of pixel values between
the left template Le 202-2 and region L'¢ 502-1 and divides the sum by the area of left template
Le202-2 This compares the difference between pixels in the same position m left template Lo
202-2 and region L'¢ 302-1. Other methods to calculate a difference between pixel values
between region L'¢ 502-1 and region L'c 302-1 may be appreciated, such as comparing an

average of total pixel values between left template LC 202-2 and region L'¢ 502-1.

[8848] At 408 and in FIG. 5B, transcoder motion prediction block 108 then performs the same
process with top template Tc202-1. For example, transcoder motion prediction block 108 finds
a similar sized area in the current block C 200, such as region T'c 302-2. Then, transcoder
motion prediction block 108 calculates the per-pixel distance between top template Te 202-1
and region T'¢ 302-2. Transcoder motion prediction block 108 may use the following to

determine the distance, but other calculations may be appreciated:

T~ T -1
k] ’

Dist(T,, T'¢) =

where (1, j) are pixel coordinates m top template Te 202-1, and (14, j) are corresponding pixel
coordinates in region T ¢ 502-2. The calculation takes the difference of pixel values between
the top template Tc 202-1 and region T'¢ 502-2 and divides the sum by the area of top termplate
Te 202-1. Transcoder motion prediction block 108 compares the difference between pixels in

the same position i fop template Tc 202-1 and region T ¢ 502-2.

[8842] After deternuming region L'c 302-1 and region T'c 502-2, at 410, transcoder motion
prediction block 108 calculates the weights Wy and Wy for top template Tc 202-1 and left
template Lc 202-2, respectivelv. For example, transcoder motion prediction block 108 may

use the following, but other calculations may be appreciated:

Dist{Le L)
WLE — ,(C,C‘ , and
Dist(T,, Trody+Dist(Le,Lic)
_ Dist(Te,Tre)
P o=

Dist(T¢, Tro)+Dist(Le, Lig)

10
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[6843] The above calculations determine the weighted distribution of the difference n
distances between the templates and the simular sized regions. For example, the distance
Bist{lc, L'c} is the difference between left template Lo 202-2 and region L'¢ 5302-1, and the
distance Dist{T, T ¢} 1s the difference between top template Te 202-1 and region T ¢ 502-2.
The weighted distribution calculates the contribution of each respective distance compared the

total distance of distance Dist(Le, L' ¢} and distance Dist(Te, T'c).

16844} At 412, transcoder motion prediction block 108 inserts information for weights Wy and
W, into the encoded bitstream.  For example, transcoder motion prediction block 108 may
convert the values of the weights Wr and W, to integer values and insert the integers into the
encoded bitstream. Transcoder motion prediction block 108 may use integers because intogers
are sent in the encoded bitstream instead of fractional numbers, but fractional numbers may

also be used.

[8845] The process then continues at decoder 112, FIG. 6 depicts a simplified flowchart 600
of a matching template search process at decoder 112 according to some ¢mbodiments. At
602, decoder motion prediction block 110 receives the encoded bitstream. At 604, when
decoding a current block C 200, transcoder motion prediction block 108 parses the encoded

bitstream to determine the values tor the weights Wy and W,

[8846] Decoder motion prediction block 110 then can use the weights in the matching template
search process. FIG. 7 depicts an example of current frame 201 and reference frame 204 in the
matching template search process at decoder 112 according to some cmbodiments. For
exarple, at 606, decoder motion prediction block 110 uses the rough motion vector from the
encoded bitstream to identify a rough reference block 206 n a reference frame 204, Although
rough reference block 206 is identified, decoder motion prediction block 110 may lock fora
final reference block that may be a better match than the identified rough reference block 206

that was identified by rough motion vector 208.

18447} To find a better match, at 608, decoder motion prediction block 110 identifics a scarch
region 702 m reference frame 204 based on rough reference block 206, For example, decoder
motion prediction block 110 determines a position of rough reference block 206 and then
generates a boundary for search region 702 based on the position of rough reference block 206

I
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The boundary may be a number of surrounding blocks to rough reference block 206,
coordinates of a surrounding area to rough reference block 206, or other areas in reference

frame 204,

[8#848) After determining search region 702, at 610, decoder motion prediction block 110
searches for a template in search region 702 that is similar to the template of current block C
200 using the weights. For example, decoder motion prediction block 110 applics the
respective weights to the left template and the top template for different reference blocks n
search region 702 to select a final reference block that is most stmmlar to current block C 200
Decoder motion prediction block 110 may find a different reference block using the weights
compared to a process that does not use weights {¢.g., an cqual weighting 15 used). Because
the template that is sclected using the weights may be more similar o the content of carrent
block C 200, then the final reference block selected using the weights may be more similar to

the current block than a final reference block that 15 determined without using the weights.

(8848} In some oxamples, decoder motion prediction block 110 may select a final motion
vector to a tinal reference block in search region 702. Then, decoder motion prediction block
110 applies the respective weights to pixel values of left template Lr 210-2 and top template
Tr 210-1 of a prospective final reference block. Additionally, decoder motion prediction block
110 applies the respective weights to pixel values of left teroplate Lo 202-2 and top template
T 202-1 of current block C 200. Then, decoder motion prediction block 110 compares the
weighted pixel values for the left templates and the weighted pixel values for the top templates
to determine the sinularity between the prospective final reference block and cwrrent block €
200. Forcxample, a smaller distance between the weighted pixel values means more similarity.
Diecoder motion prediction block 110 may perform the above search for multiple prospective
reference blocks in search region 702 and sclect a final reference block that includes a left
template and a top template that is most similar to the left template and top template of current

block C 200.

[8838] Sccond Option #2 of Deternuning the Weighting Factors

1636511 The following will describe the matching teroplate search process for the second option

#2. FIG. 8 depicts a simphified flowchart 800 of a method for performing the matching template

12
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search process for sccond option #2 according to some embodiments. Also, FIG. 9 depicts the
frames used in the matching template search process for second option #2 according to some
embodiments. Io this example, decoder motion prediction block 110 calculates the weights

mstead of transcoder motion prediction block 108,

184521 At 802, decoder 112 receives the encoded bitstream. The encoded bitstream does not
mchude the weights in some crobodiments. o other embodiments, the encoded bitstream may

mclude the weights, but decoder motion prediction block 110 may recalculate the weights.

[8853] Dunng the decodmg process, at 804, decoder motion prediction block 110 determines
a current block € 200 and a rough reference block R 206, At 806, decoder motion prediction
block 110 selects the left template Lr and finds a similar sized arca in rough reference block R
206, such as region L'r 902-1. Then, decoder motion prediction block 110 calculates the per-
pixel distance of left template La 210-2 and region L'r 902-1. For example, decoder motion
prediction block 110 may use the following to determine the distance but other calculations

may be appreciated:

I LILg (L) -Lrg(m =)
Dist(Lg, L'p) = ' -
(Lr, L'r) -

>

where (1, ) are pixel coordinates n left temnplate Lr 210-2, and (3, m+) are corresponding pixel
coordinates m region L' 902-1. Decoder motion prediction block 110 calculates the difference
of pixcl values between left template Lr 210-2 and region L'r 902-1 and divides the sum by
the area of left template Lr 210-2 Decoder motion prediction block 110 compares the

difference between pixels in the same position in left template Lr 210-2 and region L'r 902-1.

186547 At 808, decoder motion prediction block 110 then performs the same process with top
template Tr 210-1. For example, decoder motion prediction block 110 selects a similar sized
area in the current block R 200 as top template Tr 210-1, such as region T’k 902-2. Then,
decodermotion prediction block 110 calculates the per-pixel distance of template Tr and region
T'r. Decoder motion prediction block 110 may use the following to determine the distance, bat

other caleulations may be appreciated:

13



WO 2020/047517 PCT/US2019/049235

TR D — TRO— LD
k x1 ’

Dist(Ty, T'x) =

where (1, 1) are pixel coordinates in top template Tr 210-1, and (I, j) are corresponding pixel
coordinates in region T'r 802-2. Decoder motion prediction block 110 calcudates the difference
of pixel values between top template Tr 210-1 and region T'r 902-2 and divides the sum by the
arca of top template Tr 210-1. Decoder motion prediction block 110 compares the difference

between pixels m the same position in top template Tr 210-1 and region T'r 902-2.

[B8SS] At 810, decoder mouon prediction block 110 then calculates the respective weights
Wiy and W using the difference in pixel values for top template Tr 210-1 and region T'r 902-
2 and left template Lr 210-2 and region L'r 902-1. In the first option #1 above, transcoder
motion prediction block 108 uses regions within current block C 200 because the current block
18 not eneoded vet in the encoding process. However, in the decoding process, current block
C 200 has not been decoded vet and regions within current block € 200 cannot be used to
determine the weights. However, decoder motion prediction block 110 uses regions n the

reference blocks, which have already been decoded.

[8856] In the calculation, decoder motion prediction block 110 may use the following, but
other caleulations may be appreciated:
Dist{Lp,Lig)

Wy = and

+ 7 Pist(Tr, Trp)+Dist(L Lrg)

Dist(Te, TrR)
E T DBist(Tp, Trp )+ Dist(Lp,Lip)

The above calculations calculate the weighted distnbution of the difference in distances
between the templates and the similar sized regions. For example, the distance Dist{Lg, L'r)
is the difference between lefi template Lr 210-2 and region L'r 902-1, and the distance Dist(Tr,
T'r} 1s the difference between top template Tr 210-1 and region T'r 902-2. The weighted
distribution calculates the contribution of each respective distance compared the total distance

of distance Dist(Lr, L'r) and distance Dist{Tr, T'r}.
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188571 At 812, decoder motion prediction block 110 uses the weights in the matching template
search process to decode current block € 200, For example, decoder motion prediction block
110 can vse a simiar process as described above m option #1. In this case, decoder motion
prediction block 110 determines the rough motion vector from the encoded bitstream for
current block € 200, identifies a rough reference block 206 in reference frame 204, and
searches for a final motion vector to a final reference block m search region 702 that may be a
better match then the identified rough reference block using the weights. Decoder motion
prediction block 110 may perform the above search for multiple reference blocks in search
region 702 and select a final reference block that includes a lefi template and a top template

that 1s most similar to the left template and top template of current block € 200.

[8858] Third Option #3 of Determining the Weighting Factors

[885%] In a third option #3, transcoder motion prediction block 108 or decoder motion
prediction block 110 may select a single template to use. This process may use a “winner-take-
all” strategy mstead of the methodology of applying the weighting factors described above.
The winner-take all strategy selects one of the templates to use insiead of weighuing the
templates. In some embodiments, this may mean using a 100% weight for one template region
and a (% weight for the other template regions. Given the distance for left template Distr and
distance for top template Distr, transcoder motion prediction block 108 or decoder motion
prediction block 110 determunes if st / Distr < thresholdLow, which determines whether the
distance of pixels of the left template from the rough reference block divided by the distance
of pixels of the top femplate from the rough reference block is less than a threshold. As the
distance of the top template becomes greater than the distance of the left template, the value of
Dhsty / Distr becomes smaller. The threshold thresholdLow is set at a value that mdicates the
distance of the top template has become greater than the distance of the left template by an

amount that the left tomplate 15 only used.

{8668} if the above threshold thresholdLow is not met, the decoder determines if Bistr / Distr
> thresholdHigh, which determines whether the distance of pixels of the left template from the
rough reference block divided by the distance of pixels of the top template from the rough
reference block is greater than athreshold. Ag the distance of the left template becomes greater

compared to the distance of the top template, the value of Diste/ Distr becomes greater. The
135
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threshold thresholdHigh 1s set at a value that mdicates the distance of the lett template has
beeome less than the distance of the top template by an amount that the top template is only

used.

#0861} The third option #3 only uses one template to perform the search for a final reference
block that may be most similar to the current block € 200, This option may be used when one

template 15 not very sinwilar to the final reference block or the current block.

(8862} Example Embodiments

18663} In some ¢mbodiments, a method includes: receiving, by a computing device, an
encoded bitstream, a first weight for a first template of pixels for a first block, and a second
weight for a second template of pixels for the first block: determining, by the computing device,
a second block that was signaled mn the encoded bitstream as a reference for the first block;
searching, by the computing device, for a third block to use as the reference for the first block,
wherein scarching comprises: determuning a first template of pixels for the third block and a
first template of pixels for the third block; applving the first weight to the first template of
pixels for the first block to generate a weighted first template of pixels for the first block and
applyving the first weight to the first template of pixels for the third block to generate a weighted
first template of pixels for the third block; applying the sccond weight to the second template
of pixels for the first block to generate a weighted second template of pixels for the first block
and applying the second weight to the second template of pixels for the third block to generate
a weighted sccond template of pixels for the third block; and comparing the first weighted
template of pixels for the first block to the first weighted template of pixels for the third block
and comparing the second weighted template of pixels for the first block to the second weighted
template of pixels for the third block to determine whether the third block is more similar to

the first block than the second block.

[80664] In some embodiments, scarching for the third block to use as the reference for the first
block ncludes: applying the first weight to a first template of pixels for a plurality of third
blocks to generate a weighted first template of pixels for the plorality of third blocks; applying
the second weight to a second template of pixels for the plurality of third blocks to generate a
weighted second template of pixels for the plurality of third blocks; comparing the first

16
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weighted feraplate of pixels for the plurality of third blocks to the first weighted template of
pixels for the first block and comparing the second weighted template of pixels for the plurality
of third blocks tc the sccond weighted template of pixels for the first block; and selecting one

of the plurality of third blocks based on the comparing.

[8865] In some embodiments, the one of the phurality of third blocks is determined to be more

similar to the first block than the second block.

[8866] In some embodiments, the first teraplate of pixels for the first block includes pixels to
a left of the first block, the second template of pixels for the first block includes pixels to a top
of the first block, the first template of pixels for the third block mchides pixels to the left of the
third block, and the second template of pixels for the third block includes pixels to the top of
the third block.

[8067] In some cmbodiments, a method includes: selecting, by a computing device, a first
template of pixels that is outside of a first block and a second template of pixels that is outside
of the first block: selecting, by the computing device, a first region of pixels that are inside the
first block and a second region of pixels that are inside the first block; calculating, bv the
computing device, a first weight based on the first template of pixels and the first region of
pixels; and calculating, by the computing device, a second weight based on the second template
of pixels and the second region of pixels, wheremn the first weight and the second weight are

used in a motion prediction search for a second block.

[3668] In some embodiments, the first template of pixels includes pixels to a left of the first

block, and the second template of pixels includes pixels to a top of the first block.

(8869} In some embodiments, the first template of pixels includes pixels that neighbor the
pixels in the first region of pixels, and the second template of pixels includes pixels that

neighbor the pixels in the second region of pixcls.

[8876] In some embodiments, calculating the first weight includes calculating a first difference
between pixels in the first template of pixels and the first region of pixels; and calculating the
second weight includes calculating a second difference between pixels in the second template

of pixels and the second region of pixels.

[
~3



WO 2020/047517 PCT/US2019/049235

[8871] In some embodiments, calculating the first weight and the second weight includes

calculating a weighted distribution of the first difference and the second difference.

(8872} In some embodiments, the method further includes: inserting the first weight and the

second weight in an encoded bitstream.

[8673] In some embodiments, the first weight and the second weight are used to select the

second block to use as a reference for decoding the first block.

8874} In some embodiments, the first block 15 in a first frame of a video, and the second block

1s in a second frame of the video.

[8875} In some embodiments, the method further includes: searching for the second block to

use as a reference for a third block being decoded using the first weight and the second weight.

188781 In some embodiments, searching for the second block to use as the reference includes:
determining a first template of pixels for the first block; determining a sccond teroplate of pixels
for the first block; applying the first weight to the first template of pixels for the second block
to generate a weighted first template of pixels for the second block; and applving the second
weight to the second template of pixels for the second block to generate a weighted second

template of pixels for the second block.

188771 In some embodiments, searching for the second block to use as the reference includes:
applying the first weight to a first template of pixels for the third block to generate a weighted
first template of pixels for the third block; applyving the second weight to a second template of
pixels for the third block o generate a weighted second template of pixels for the third block;
and comparing the weighted first template of pixels for the second block to the weighted first
template of pixels for the third block and comparing the weighted second template of pixels
for the second block to the weighted second template of pixels for the third block to determine

whether the second block is similar to the third block.

{8878} In some embodiments, searching for the second block to use as the reference includes:
applving the first weight to a first template of pixels for a plurality of second blocks to generate

a weighted first template of pixels for the plurality of second blocks: applving the second
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weight to a second template of pixels for the plurality of second blocks to gencrate a weighted
second template of pixels for the plurality of second blocks; applying the first weight to a first
template of pixels for the third block to generate a weighted first template of pixels for the third
block; applving the second weight to a second template of pixels for the third block to gencerate
a weighted second template of pixels for the third block: comparing the weighted first template
of pixels for the phurality of second blocks to the weighted first template of pixels for the third
block and comparing the weighted second template of pixels for the plurality of second blocks
to the weighted second template of pixels for the third block: and selecting one of the plurality

of second blocks based on the comparing.

(8878} In some embodiments, the plurality of second blocks are included in a search arcain a

frame.

[8888] In some embodiments, the third block is being decoded, the first block 15 signaled as a
reference block m an encoded biistream, and the second block is searched for as a new

reference block to use to decode the third block.

18681} In some embodiments, the third block is in a first frame, and the first block and the

second block are 1n a second frame.

(8882} In some embodiments, a non-transitory computer-readable storage medium contains
mstructions, that when executed, control a computer system to be operable for: selecting a first
template of pixels that is outside of a first block and a second template of pixels that is outside
of the first block: selecting a first region of pixels that are inside the first block and a second
region of pixels that arc mside the first block; calculating a first weight based on the first
template of pixels and the first region of pixels; and calculating a second weight based on the
second template of pixels and the second region of pixels, wherein the first weight and the

second weight are used in & motion prediction search for a second block
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166837 System

(8084} FIG. 10 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.

[8685] Transcoder 106 receives a frame of a video, which 1s firstly split into non-overlapping
coding blocks for further processing. To cope with different video content characteristics,
corplex 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.

[8886] Prediction s used to remove the redundancy of a video signal. By subtracting the
predicted pixel values from the pixels bemg processed, the amphitude of a residual signal can
be significantly reduced, thus the resulting bitstream size can be reduced. An intra prediction
block 1010, which s 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, atierpts to remove the temporal redundancy between frames. a
motion estimation and compensation block 1016 may be a sub-module of nter prediction at
the transcoder side, which captures the motion trace of objects among adjacent frames and

generates reference pixels for inter prediction.

{6871 A transform and quantization block 1004 uses the residual pixels after intea or mter
prediction. Transform and guantization 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.

[6088] To avoid the out-of-sync 1ssue between transcoder 106 and decoder 112, transcoder 106
contamns decoding modules to make sure both transcoder 106 and decoder 112 are usimg

identical mathematical processes. Thus, an tnverse transform and inverse quantization block
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1008 15 similar to the same block on the decoder side. Inverse transform and inverse

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

[B888] An in-loop filter 1014 removes any visual artifacts that are introduced by the above-
mentioned processes. Varnouas filtering methods are apphied on the reconstructed frame o a
cascaded way to reduce different artifacts, mcluding but not limited to the blocking artifacts,

mosquito artifacts, color banding effects, etc.

[8898] An cntropy 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 medium.,

[889%] FIG. 11 depicts an example of a decoding system according to some embodiments.
Becoder 112 receives the encoded bitstream and inputs 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 ntra
prediction block 1106 or mmter prediction block 1108, motion compensation block 1110, and

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

(8892} Some embodiments may be implemented in a non-transttory computer-readable storage
medium for use by or in connection with the instruction execution system, apparatus, system,
or machine. The computer-recadable 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 mstructions, when executed by one or more
computer processors, may be contigured or operabie to perform that which is deseribed in some

embodiments.

133

[8093] As used in the description herein and throughout the claims that follow, “a”, “an”, and
“the” meludes 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™ inclades “in”

and “on” unless the context clearly dictates otherwise,

(8894} The above description illustrates various embodiments along with examples of how
aspects of some embodiments may be implemented. The above examples and cntbodiments
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should not be deemed to be the only embodiments and are presented to illustrate the flexability
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 emploved without departing from the scope hercof as defined by the claims.
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CLAIMS
What 1s claimed 1s:

1. A method comprising:

receiving, by a computing device, an encoded bitstream, a first weight for a first
template of pixels for a first block, and a second weight for a second template of pixels for the first
block;

determining, by the computing device, a second block that was signaled in the
encoded bitstream as a reference for the first block;

searching, by the computing device, for a third block to use as the reference for the

first block, wherein searching comprises:

determining a first template of pixels for the third block and a first template
of pixels for the third block;

applying the first weight to the first template of pixels for the first block to
generate a wetghted first template of pixels for the first block and applying the first weight
to the first template of pixels for the third block to generate a weighted first template of
pixels for the third block;

applying the second weight to the second template of pixels for the first
block to generate a weighted second template of pixels for the first block and applying the
second weight to the second template of pixels for the third block to generate a weighted
second template of pixels for the third block; and

comparing the first weighted template of pixels for the first block to the first
weighted template of pixels for the third block and comparing the second weighted
template of pixels for the first block to the second weighted template of pixels for the thurd
block to determine whether the third block 1s more similar to the first block than the second

block.

2. The method of claim 1, wherein searching for the third block to use as the

reference for the first block comprises:
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applying the first weight to a first template of pixels for a plurality of third blocks
to generate a weighted first template of pixels for the plurality of third blocks;

applying the second weight to a second template of pixels for the plurality of third
blocks to generate a weighted second template of pixels for the plurality of third blocks;

comparing the first weighted template of pixels for the plurality of third blocks to
the first weighted template of pixels for the first block and comparing the second weighted
template of pixels for the plurality of third blocks to the second weighted template of pixels for
the first block: and

selecting one of the plurality of third blocks based on the comparing.

3. The method of claim 2, wherein:
the one of the plurality of third blocks is determined to be more similar to the first

block than the second block
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4, The method of claim 1, wherein:

the first template of pixels for the first block includes pixels to a left of the first

block,

the second template of pixels for the first block includes pixels to a top of the first
block,

the first template of pixels for the third block includes pixels to the left of the third
block, and

the second template of pixels for the third block includes pixels to the top of the
third block.

5. A method comprising:

selecting, by a computing device, a first template of pixels that is outside of a first
block and a second template of pixels that 15 outside of the first block;

selecting, by the computing device, a first region of pixels that are inside the first
block and a second region of pixels that are mside the first block;

calculating, by the computing device, a first weight based on the first teroplate of
pixels and the first region of pixels; and

calculating, by the computing device, a second weight based on the second template
of pixels and the second region of pixels, wherein the first weight and the second weight are used

in a motion prediction search for a second block,

6. The method of claim S, wherein:
the first template of pixels mncludes pixels to a left of the first block, and

the second teraplate of pixels includes pixels to a top of the first block.

7. The method of claum 5, wherein:

the first template of pixels includes pixels that neighbor the pixels in the first region
of pixels, and

the second teraplate of pixels includes pixels that neighbor the pixels in the second

region of pixels.
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8. The method of claim 5, wherein:

calculating the first weight comprises calculating a first difference between pixels
in the first template of pixels and the first region of pixels; and

calculating the second weight comprises calculating a second difference between

pixels in the second template of pixels and the second region of pixels.

9. The method of claim &, wherein:
calculating the first weight and the second weight comprises calculating a weighted

distribution of the first difference and the second difference.

10 The method of claim 5, further comprising:

inserting the first weight and the second weight in an encoded bitstream.

11 The method of claim 10, wherein:

the first weight and the second weight are used to select the second block to use as

a reference for decoding the first block.

12, The method of claim 3, wherein:
the firsi block 1s in a first frame of a video, and

the second block 1s in a second frame of the video.

13, The method of claim §, further comprising:
searching for the second block to use as a reference for a third block being decoded

using the first weight and the second weight.

14. The method of claim 13, wherein searching for the second block to use as
the reference comprises:

determining a first template of pixels for the first block;

determining a second template of pixels for the first block;

applying the first weight to the first template of pixels for the second block to
generate a weighted first template of pixels for the second block; and
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applying the second weight to the second template of pixels for the second block to

generate a weighted second template of pixels for the second block.

15. The method of claim 14, wherein searching for the second block to use as
the reference comprises:

applying the first weight to a first template of pixels for the third block to generate
a weighted first template of pixels for the third block;

applying the second weight to a second template of pixels for the third block to
generate a weighted second template of pixels for the third block; and

comparing the weighted first template of pixels for the second block to the weighted
first template of pixels for the third block and comparing the weighted second template of pixels
for the second block to the weighted second template of pixels for the third block to determine

whether the second block is similar to the third block

16. The method of claim 14, wherein searching for the second block to use as
the reference comprises:

applying the first weight to a first template of pixels for a plurality of second blocks
to generate a weighted first teraplate of pixels for the plurality of second blocks;

applying the second weight to a second template of pixels for the plurality of second
blocks to generate a weighted second template of pixels for the plurality of second blocks;

applying the first weight to a first template of pixels for the third block to generate
a weighted first template of pixels for the third block;

applving the second weight to a second template of pixels for the third block to
generate a weighted second template of pixels for the third block;

comparing the weighted first template of pixels for the plorality of second blocks
to the weighted first template of pixels for the third block and comparing the weighted second
template of pixels for the plurality of second blocks to the weighted second template of pixels for
the third block; and

selecting one of the plurality of second blocks based on the comparing.
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17 The method of claim 16, wherein:

the plurabity of second biocks are included in a search area in a frame.

184, The method of claim 13, wherein:
the third block 1s being decoded,
the first block 1s signaled as a reference block 1n an encoded bitstream, and

the second block 1s searched for as a new reference block to use to decode the third

19. The method of claim 13, wherein:
the third block is in a first frame, and

the first block and the second block are in a second frame.

20. A non-transitory computer-readable storage medium  containing
mstructions, that when executed, control a computer system to be operable for:

selecting a first template of pixels that i1s outside of a first block and a second
template of pixels that is outside of the first block;

selecting a first region of pixels that are inside the first block and a second region
of pixels that are inside the first block;

calculating a first weight based on the first template of pixels and the first region of
pixels; and

calculating a second weight based on the second template of pixels and the second
region of pixels, wherein the first weight and the second weight are used in a motion prediction

search for a second block.
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