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MOTION COMPENSATION METHODS FOR VIBEO CODING

CROSS REFEREMNCE TO RELATED APPLICATIONS

[331] The disclosure claims the benefits of priority to U.S. Provisional Application
No. 62/904,718, filed September 24, 2019, which is incorporated herein by reference in its

cntirety.

[002] The present disclosure generally relates to video processing, and more

particularly, to interpolation filters for motion compensation.

BACKGROUND

[003] A video is a set of static pictures {or “frames”) capnuring the visual
information. To reduce the storage memory and the transmission bandwidth, a video can be
comypressed before storage or transmission and decompressed before display. The
compression process is usually referred to as encoding and the decompression process is
usually referred to as decoding. There are various video coding formats which use
standardized video coding technologies, most commonly based on prediction, transform,
quantization, entropy coding and in-loop filtering. The video coding standards, such as the
High Efficiency Video Coding (HEVC/H.265) standard, the Versatile Video Coding
(VVC/H.266) standard, AVS standards, specifying the specific video coding formats, are
developed by standardization organizations. With more and more advanced video coding
technologies being adopted in the video standards, the coding efficiency of the new video

coding standards get higher and higher.

SUMMARY OF THE DISCLOSURE

[334] Embodiments of the disclosure provide a computer-implemented method for

processing video content. The method can include: determining a phurality of intermediate
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interpolation coefficients of an interpolation filter, the determining of the plurality of
intermediate interpolation coefficients being: based on positions of a plurality of integer
samples respectively, and based on fractional reference positions of a plurality of fractional
samples respectively; determining a plurality of integer interpolation coefficients of the
interpolation filter by rounding the plurality of intermediate interpolation coefficients to a
plurality of integers respectively; and applying the plurality of integer interpolation
coefficients on a picture to perform motion compensation prediction.

[085] Embodiments of the disclosure also provide a system for processing video
content. The system can include: a memory for storing a set of instructions; and at least one
processor configured to exccute the set of instructions to cause the system to perform:
determining a plurality of intermediate interpolation coefficients of an interpolation filter, the
determining of the plurality of intermediate interpolation coefficients being: based on
positions of a plurality of integer samples respectively, and based on fractional reference
positions of a plurality of fractional samples respectively; determining a plurality of integer
interpolation coefficients of the interpolation filter by rounding the plurality of intermediate
interpolation coefficients to a plurality of integers respectively; and applving the plurality of
integer interpolation coefficients on a picture to perform motion compensation prediction.

1336] Embodiments of the disclosure further provide a non-{ransitory computer
readable mediim storing instructions that are executable by at least one processor of a
computer systern, wherein the execution of the instructions causes the computer syster o
perform a method. The method can include: determining a plurality of intermediate
interpolation coefficients of an interpolation filter, the determining of the plurality of
intermediate interpolation coetficients being: based on positions of a plurality of integer
samples respectively, and based on fractional reference positions of a plurality of fractional

samples respectively: determining a plurality of integer interpolation coefticicnts of the

2o
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interpolation filter by rounding the plurality of intermediate interpolation coefficients to a
plurality of intcgers respectively; and applying the plurality of integer interpolation
coefficients on a picture to perform motion compensation prediction.
BRIEF DESCRIPTION OF THE DRAWINGS

(371 Embodiments and various aspects of the present disclosure are illustrated in
the following detailed description and the accompanying figures. Various features shown in
the figures arc not drawn to scale.

[608] FIG. 1 ilustrates structures of an exemplary video sequence, consistent with
embodiments of the disclosure, consistent with embodiments of the disclosure.

[G639] FIG. 24 illustrates a schematic diagram of an exemplary encoding process of
a hybrid video coding system, consistent with embodiments of the disclosure.

1510] FIG. 2B illustrates a schematic diagram of another exemplary encoding
process of a hybrid video coding system, consistent with embodiments of the disclosure.

(0111 FIG. 3A dlustrates a schematic diagram of an exemplary decoding process of
a hybrid video coding system, consistent with embodiments of the disclosure.

[612] FIG. 3B illustrates a schematic diagram of another exemplary decoding
process of a hvbrid video coding system, consistent with embodiments of the disclosure.

[013] FIG. 4 is a block diagram of an exemplary apparatus for encoding or decoding
a video, consistent with embodiments of the disclosure.

[314] FIG. 5§ illustrates a schematic diagram of an exemplary frequency response of
a low-pass filter, consistent with embodiments of the disclosure.

(0151 FIG. 6 illustrates an exemplary luma interpolation filter, consistent with
embodiments of the disclosure.

[616] FIG. 7 iHustrates an exemplary chroma interpolation filter, consistent with

embodiments of the disclosure.
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[017] FIG. 8 illustrates another exemplary luma interpolation filter, consistent with
embodiments of the disclosure.

1018] FIG. 9 illustrates another exemplary chroma interpolation filter, consistent
with embodiments of the disciosure.

[019] FIG. 10 ilhustrates an exemplary luma interpolation filter for 4x4 motion
compensation, consistent with embodiments of the disclosure.

[020] FIG. 11 illustrates exemplary smoothing parameters, consistent with
embodiments of the disclosure.

[021] FIG. 12 lustrates an exeraplary 6-tap real-number fuma interpolation filter,
consistent with embodiments of the disclosure.

1022] FIG. 13 illustrates an exeraplary 6-tap integer-number luma interpolation
filter, consistent with embodiments of the disclosure.

[023] FIG. 14 lustrates an exemplary 6-tap integer-number luma interpolation
filter, consistent with embodiments of the disclosure.

16241 FIG. 15 llustrates exemplary smoothing parameters, consistent with
embodiments of the disclosure.

10251 F1G. 16 llustrates an exeraplary 6-tap real-number fuma interpolation filter,
consistent with embodiments of the disclosure.

[326] FIG. 17 Hustrates an exemplary 6-tap integer-number luma interpolation
filter, consistent with ernbodiments of the disclosure.

(0271 FiG. 18 illustrates an exemplary 6-tap real-number luma interpolation filter
without smoothing window function, consistent with embodiments of the disclosure.

(6281 FIG. 19 illustrates an exemplary 6-tap integer-nomber luma interpolation filter

without smoothing window function, consistent with embodiments of the disclosure.
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16291 FIG. 20 is a flowchart of a computer-implemented method for processing a

video content, consistent with embodiments of the disclosure.

BETAILED DESCRIPTION

[030] Reference will now be made in detail to exeraplary embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to the
accompanying drawings in which the same nombers in different drawings represent the same
or similar clements unless otherwise represented. The implementations set forth in the
following description of excroplary embodiments do not represent all iroplementations
consistent with the invention. Instcad, they are merely exampies of apparatuses and methods
consistent with aspects related to the invention as recited in the appended claims. Unless
specifically stated otherwise, the term “or” encorpasses all possible combinations, except
where infeasible. For example, if it is stated that a component may include A or B, then,
unless specifically stated otherwise or infeasible, the component may include A, or B, or A
and B. As a seccond example, if it is stated that a component may include A, B, or C, then,
unless specifically stated otherwise or infeasible, the component may include A, or B, or C,
orAand B,orAand C,orBand C, or A and B and C.

[031] Video coding systems are often used to compress digital video signals, for
instance to reduce storage space consumed or to reduce transmission bandwidth consumption
associated with such signals. With high-definition (HD) videos {(e.g., baving a resolution of
19206x1080 pixels) gaining popularity in various applications of video corapression, such as
online video streaming, video conferencing, or video monitoring, it 1s a continaous need to
develop video coding tools that can increase compression efficiency of video data.

10327 For example, video monitoring applications are increasingly and extensively
used in many application scenarios {e.g., security, traffic, enviromwment monttoring, or the

like), and the numbers and resolutions of the monitoring devices keep growing rapidly. Many
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video monitoring application scenarios prefer to provide HD videos to users to capture more
information, which has more pixels per frame to capture such information. However, an HD
video bitstream can have a high bitrate that demands high bandwidth for transmission and
large space for storage. For example, a monitoring video stream having an average
19201080 resolution can require a bandwidth as high as 4 Mbps for real-time transmission.
Also, the video monitoring generally monitors 7x24 continuously, which can greatly
challenge a storage system, if the video data is to be stored. The demand for high bandwidth
and large storage of the HD videos has therefore become a major himitation to s large-scale
deployment in video monitoring.

[033] A video is a set of static pictures {or “frames”) arranged in a temporal
sequence to store visual information. A video capture device {¢.g., a camera) can be used to
capture and store those pictures in a temporal sequence, and a video playback device {e.g.. a
television, a coraputer, a smartphone, a tablet computer, a video player, or any end-user
terminal with a function of display) can be used to display such pictures in the temporal
seguence. Also, in some applications, a video capturing device can transnt the captured
video to the video plavback device {¢.g., a computer with a monitor) in real-time, such as for
monitoring, conferencing, or live broadcasting.

18341 For reducing the storage space and the transmission bandwidth needed by such
applications, the video can be compressed before storage and transmission and decompressed
before the display. The compression and decompression can be implemented by software
cxecuted by a processor (e.g., a processor of a generic computer) or specialized hardware.
The module for corpression is generally reterred to as an “encoder,” and the module for
decompression is generally referred to as a “decoder.” The encoder and decoder can be
collectively referred to as a “codec.” The encoder and decoder can be implemented as any of

a variety of suitablc hardware, software, or a combination thereof. For example, the hardware



WO 2021/061322 PCT/US2020/047766

implementation of the encoder and decoder can include circuitry, such as one or more
microprocessors, digital signal processors (DSP), application-specific integrated circuiis
(ASICs), field-programmable gate arrays (FPGAs), discrete logic, or any combinations
thereof. The software implementation of the encoder and decoder can include program codes,
computer-cxecutable instructions, firmaware, or any suitable computer-implemented algorithm
or process fixed in a computer-readable mediur. Video compression and decompression can
be implemented by various algorithms or standards, such as MPEG- 1. MPEG-2, MPEG-4,
H.26x series, or the like. In some applications, the codec can decompress the video from a
first coding standard and re-compress the decompressed video using a second coding
standard, in which case the codec can be referred to as a “transcoder.”

18351 The video encoding process can identify and keep useful information that can
be used 1o reconstruct a picture and disregard unimportant information for the reconstruction.
If the disregarded, unimoportant information cannot be fully reconstructed, such an encoding
process can be referred to as “lossy.” Otherwise, it can be referred to as “lossless.” Most
encoding processes are tossy, which is a tradeott to reduce the needed storage space and the
transmission bandwidth.

10361 The useful information of a picture being encoded (referred to as a “current
picture”) include changes with respect to a reference picture (€.g., a picture previously
encoded and reconstracted). Such changes can include position changes, luminosity changes,
or color changes of the pixels, among which the posttion changes are mostly concerned.
Position changes of a group of pixels that represent an object can reflect the motion of the
object between the reference picture and the current picture.

[037] A picture coded without referencing another picture (i.e., it is its own
reference picture) is referred to as an “I-picture.” A picture coded using a previous picture as

a reference picture is referred to as a “P-picture.” A picture coded using both a previous
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picture and a future picture as reference pictures (i.e., the reference is “hi-directional”) is
referred to as a “B-picture.”

1038] As previcusly mentioned, video monitoring that uses HID videos faces
challenges of demands of high bandwidth and large storage. For addressing such challenges,
the bitrate of the encoded video can be reduced. Among the 1-, P-, and B-pictures, I-pictures
have the highest bitrate. Because the backgrounds of most monitoring videos are nearly
static, ong way to reduce the overall bitrate of the encoded video can be using fewer I-
pictires for video encoding.

(0391 However, the improvement of using fewer [-pictures can be trivial because the
I-pictures are typically not dominant in the encoded video. For example, in a typical video
bitstream, the ratio of I-, B-, and P-pictures can be 1:20:9, in which the I-pictures can account
for less than 10% of the total bitrate. In other words, in such an example, even all f-pictures
are removed, the reduced butrate can be no more than 10%.

[040] FI6G. 1 ilustrates structures of an example video sequence 100, consistent
with embodiments of the disclosure. Video sequence 180 can be a live video or a video
having been captured and archived. Video 100 can be a real-life video, a computer-generated
video (e.g., computer game video), or a combination thereof (¢.g., a real-life video with
augmented-reality effects). Video sequence 100 can be inputted from a video capture device
{e.g.. a camera), a video archive (e.g., a video file stored in a storage device) containing
previously captured video, or a video feed interface (e.g.. a video broadcast transceiver) o
receive video from a video content provider.

[041] As shown in FIG. 1, video sequence 100 can include a series of pictures
arranged tempovally along a timeline, including pictures 102, 104, 106, and 108. Pictares
102-106 are continuous, and there are more pictures between pictures 106 and 108, In FIG.

i, picture 102 is an I-picture, the reference picture of which is picture 102 itself. Picture 104
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is a P-picture, the reference picture of which is picture 102, as indicated by the arrow. Picture
106 is a B-picture, the reference pictures of which are pictures 104 and 108, as indicated by
the arrows. In some embodiments, the reference picture of a picture {¢.g., picture 104) can be
not immediately preceding or following the picture. For example, the reference picture of
picture 104 can be a picture preceding picture 102. It should be noted that the reference
pictures of pictures 102-106 are only examples, and this disclosure does not imit
embodiments of the reference pictures as the examples shown in FIG, L

[042] Typically, video codecs do not encode or decode an entire picture af one ame
due to the computing complexity of such tasks. Rather, they can split the picture into basic
segments, and encode or decode the picture segment by segment. Such basic segmentis are
referred to as basic processing units ("BPUs™) in this disclosure. For example, structure 110
in FEG. 1 shows an example structure of a picture of video sequence 100 (e.g., any of
pictures 102-108). In structure 110, a picture is divided into 44 basic processing units, the
boundarics of which are shown as dash lines. In some embodiments, the basic processing
units can be referred to as “macroblocks” in some video coding standards {e.g., MPEG
family, H.261, H.263, or H.264/AV(E), or as “coding tree units” (“CTUS”) in some other
video coding standards (e.g., H265/HEVC or H.266/VV(). The basic processing unifs can
have variable sizes in a picture, such as 128x128, 64x64, 32x32, 16x16, 4x8, 16x32, or any
arbitrary shape and size of pixels. The sizes and shapes of the basic processing units can be
selected for a picture based on the balance of coding efficiency and levels of details to be
kept in the hasic processing unit.

[043] The basic processing units can be logical units, which can include a group of
different types of video data stored in a computer memory {e.g., in a video frame buffer). For
cxample, a basic processing unit of a color picture can include a luma component (YY)

representing achromatic brightness information, one or more chroma components {e.g., Cb
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and Cr) representing color information, and associated syntax elements, in which the huma
and chroma components can have the same size of the basic processing unit. The luma and
chroma components can be referred to as “coding tree blocks™ (“CTBs™) in some video
coding standards {e.g., H265/HEVC or H.266/V V). Any operation performed to a basic
processing unit can be repeatedly performed to each of its luma and chroma components.
[0441 Video coding has multiple stages of operations, examples of which will be
detailed in FiGs. 2A-2B and 3A-3B. For ecach stage, the size of the basic processing units can
still be too large for processing, and thus can be further divided into segments referred to as
“basic processing sub-units” in this disclosure. In some embodiments, the basic processing
sub-units can be referred to as “blocks” in some video coding standards (e.g., MPEG family,
H.261, H.263, or H264/AV(C), or as “coding units” (“CUs”) in some other video coding
standards {(e.g., H265/HEVC or H.266/VV). A basic processing sub-unit can have the same
or sroaller size than the basic processing unit. Similar to the basic processing units, basic
processing sub-units are also logical units, which can include a group of different types of
video data {e.g., Y, Cb, Cr, and associated syntax elements) stored in a computer memory
{e.g., in a video frame buffer). Any operation performed to a basic processing sub-unit can be
repeatedly performed to each of @is luma and chroma components. kt should be noted that
such division can be performed to further levels depending on processing needs. It should

also be noted that different stages can divide the basic processing units using different

[0451 For example, at a mode decision stage (an example of which will be detailed
in FIG, 28), the encoder can decide what prediction made {e.g., infra-picture prediction or
inter-picture prediction) to use for a basic processing unit, which can be too large to make

such a decision. The encoder can split the basic processing unit into multiple basic processing

10
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sab-units (e.g., CUs as in H.265/HEVC or H.266/VV(), and decide a prediction type for each
individual basic processing sub-unit.

1046] For another example, at a prediction stage {an example of which will be
detailed in FIG. 2A), the encoder can perform prediction operation at the level of basic
processing sub-onits {e.g., CUs). However, in some cases, a basic processing sub-unit can
still be too large to process. The encoder can further split the basic processing sub-unit into
smaller segments {e.g., referred to as “prediction blocks” or “PBs” in H.265/HEVC or
B.266/VV(), at the level of which the prediction operation can be performed.

(0471 For another example, at a transform stage (an example of which will be
detailed in FI1G. 2A), the encoder can perform a transform operation for residual basic
processing sub-units (e.g., CUs). However, in some cases, a basic processing sub-unif can
still be too large to process. The encoder can further split the basic processing sub-unit into
smaller segments (e.g., referred to as “transform blocks™ or “TBs” in H.265/HEVC or
H.266/VVC), at the level of which the transform operation can be performed. It should be
noted that the division schemes of the same basic processing sub-unit can be different at the
prediction stage and the ransform stage. For example, in H265/HEVC or H.266/VVC, the
prediction blocks and transform blocks of the same CU can have different sizes and numbers.

1048] In structure 110 of FIG. 1, basic processing unit 112 is further divided into
3%3 basic processing sub-units, the boundaries of which are shown as dotied lines. Different
basic processing units of the same picture can be divided into basic processing sub-units in
different schemes.

[049] In some implementations, to provide the capability of parallel processing and
error restlience to video encoding and decoding, a picture can be divided into regions for
processing, such that, for a region of the picture, the encoding or decoding process can

depend on no information from any other region of the picture. In other words, each region of

it
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the picture can be processed independently. By doing so, the codec can process different
regions of a picture in parallel, thus increasing the coding efficiency. Also, when dataof 2
region is corrupted in the processing or lost in network transmission, the codec can correctly
encode or decode other regions of the same picture without reliance on the corrupted or lost
data, thus providing the capability of error vesilicnce. In some video coding standards, a
picture can be divided into different types of regions. For example, H.265/HEVC and
H.266/VVC provide two types of regions: “slices” and *tiles.” It should also be noted that
ditferent pictures of video sequence 100 can have different partition schemes for dividing a
pictire into regions.

[050] For example, in FIG. 1, structure 110 is divided into three regions 114, 116,
and 118, the boundarics of which are shown as solid lines inside structure 110, Region 114
includes four basic processing units. Each of regions 116 and 118 includes six basic
processing units. It should be noted that the basic processing units, basic processing sub-
units, and regions of structure 110 in FEG. 1 are only examples, and this disclosure does not
limit embodiments thereof.

[051] FIG. 24 illustrates a schematic diagram of an example encoding process
200A, consistent with embodiments of the disclosure. For example, the encoding process
Z200A can be performed by an encoder. As shown in FEG. 2A. the encoder can encode video
sequence 202 into video bitstream 228 according to process 200A. Similar to video sequence
100 in FIG. 1, video sequence 202 can include a set of pictures (veferred to as “original
pictures”) arranged in a teroporal order. Similar to structure 110 1n ¥F1G. 1, cach original
picture of video sequence 202 can be divided by the encoder into basic processing units, basic
processing sub-units, or regions for processing. In some embodiments, the encoder can
perform process 200A at the level of basic processing units for each original picture of video

sequence 202. For example, the encoder can perform process 200A in an iterative manner, in

12
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which the encoder can encode a basic processing unit in one iteration of process 200A. In
some embodiments, the encoder can perform process 200A in parallel for regions {c.g.,
regions 114-118) of each original picture of video sequence 202.

[352] In FIG. 24, the encoder can feed a basic processing unit (veferred to as an
“original BPU”) of an original picture of video sequence 202 to prediction stage 204 to
generate prediction data 206 and predicted BPU 208, The encoder can subtract predicted
BPU 208 from the original BPU to generate residual BPU 210. The encoder can feed residual
BPU 210 to transform stage 212 and quantization stage 214 to generate quantized transform
coefficients 216. The encoder can feed prediction data 206 and quantized transform
coefficients 216 to binary coding stage 226 to generate video bitstream 228, Components
202, 204, 206, 208, 210, 212, 214, 216, 226, and 228 can be referred to as a “forward path.”
During process 200A, after quantization stage 214, the encoder can feed quantized transform
coefficients 216 to inverse quantization stage 218 and inverse transform stage 220 to generate
reconstructed residual BPU 222, The encoder can add reconstructed residual BPU 222 to
predicted BPU 208 to generate prediction reference 224, which is used in prediction stage
204 for the next iteration of process 200A. Components 218, 220, 222, and 224 of process
200A can be referred to as a “veconstruction path.” The reconstruction path can be used to
ensure that both the encoder and the decoder use the same reference data for prediction.

[353] The encoder can perform process 200A iteratively to encode each original

BPU of the original picture (in the forward path) and generate predicted reference 224 for

encoding all original BPUs of the original picture, the encoder can proceed to encode the next
picture in video sequence 202.
[054] Referring to process 2004, the encoder can receive video sequence 202

generated by a video capturing device (e.g., a camera). The term “receive” used herein can
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refer to recetving, inputting, acquiring, retrieving, obtaining, reading, accessing, or any action
in any manner for inputting data.

[055] At prediction stage 204, at a current iteration, the encoder can receive an
original BPU and prediction reference 224, and perform a prediction operation to generate
prediction data 206 and predicted BPU 208. Prediction reference 224 can be generated from
the reconstruction path of the previous iteration of process 200A. The purpose of prediction
stage 204 is to reduce information redundancy by extracting prediction data 206 that can be
used to reconstruct the original BPU as predicted BPU 208 from prediction data 206 and
prediction reference 224.

[056] ldeally, predicted BPU 208 can be identical to the original BPU. However,
due to non-ideal prediction and reconstruction operations, predicted BPU 208 is generally
slightly different from the original BPU. For recording such differences, after generating
predicted BPU 208, the encoder can subtract it from the original BPU to generate residual
BPU 210. For example, the encoder can subtract values (e.g., greyscale values or RGB
values) of pixels of predicted BPU 208 from values of comresponding pixels of the original
BPU. Each pixel of residual BPU 210 can have a residual value as a result of such subtraction
hetween the corresponding pixels of the original BPU and predicted BPU 208, Compared
with the original BPU, prediction data 206 and residual BPU 210 can have fewer bits, but
they can be used to reconstruct the original BPU without significant quality deterioration.
Thus, the original BPU is compressed.

(0571 To further compress residual BPU 210, at transform stage 212, the encoder
can reduce spatial redundancy of residual BPU 210 by decomposing it into a set of two-
dimensional “base patierns,” each base patiern being associated with a “transform
coefficient.” The base patterns can have the same size (e.g., the size of residual BPU 210).

Each basc pattern can represent a variation frequency (e.g., frequency of brightness variation)

14
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component of residual BPU 210. None of the base patterns can be reproduced from any
combinations (¢.g., lincar combinations) of any other base patterns. In other words, the
decomposition can decompose variations of residual BPU 210 into a frequency domain. Such
a decomposttion is analogous 1o a discrete Fourier transform of a function, in which the base
patterns are analogous to the base functions {(e.g., trigonometry functions) of the discrete
Fourier transform, and the transform cocfficients arc analogous to the coefficients associated
with the base functions.

[058] Different transform algorithms can use different base patterns. Various
transform algorithms can be used at wansform stage 212, such as, for example, a discrete
cosine transform, a discrete sine transform, or the like. The transform at transform stage 212
is invertible. That is, the encoder can restore residual BPU 210 by an inverse operation of the
transtform (referred to as an “inverse ransform™). For example, to restore a pixel of residual
BPU 2140, the inverse transform can be multiplying values of corresponding pixels of the base
patterns by respective associated coefficients and adding the products o produce a weighted
sum. For a video coding standard, both the encoder and decoder can use the same transform
algorithm (thus the same base patterns). Thus, the encoder can record only the transform
coefficients, from which the decoder can reconstruct residual BPU 210 without receiving the
hase patterns from the encoder. Compared with residual BPU 210, the transform coetficients
can have fewer bits, but they can be used to reconstruct residual BPU 210 without significant
quality deterioration. Thas, residual BPU 210 is further compressed.

[059] The encoder can further compress the ransform coefficients at quantization
stage 214. In the transform process, different base patterns can represent different variation
frequencies {e.g., brighiness variation frequencies). Because hurnan cyes are generally better
at recognizing low-frequency variation, the encoder can disregard information of high-

frequency variation without causing significant guality deterioration in decoding. For
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cxample, at quantization stage 214, the encoder can generate quantized transform coefficients
216 by dividing cach transform cocfficient by an integer value (referred to as a “quantization
parameter”) and rounding the quotient to its nearest integer. After such an operation, some
transtorm coefficients of the high-frequency base patterns can be converted 1o zero, and the
transform coefficients of the low-frequency base patterns can be converted to smaller
integers. The encoder can disregard the zero-value quantized transform coefficients 216, by
which the transform coefficients are further compressed. The quantization process is also
invertible, in which quantized transform coefficients 216 can be reconstructed to the
transform coefficients in an inverse operation of the quantization (referred to as “inverse
quantization”).

[860] Because the encoder disregards the remainders of such divisions in the
rounding operation, quantization stage 214 can be lossy. Typically, quantization stage 214
can contribute the most information loss in process 200A. The larger the information loss is,
the fewer bits the quantized transform coefficients 216 can need. For obtaining different
levels of information loss, the encoder can use different values of the quantization parameter
or any other parameter of the quantization process.

(0611 At binary coding stage 226, the encoder can encode prediction data 206 and
quantized transform coetficients 216 using a binary coding techanigue, such as, for example,
entropy coding, variable length coding, arithmetic coding, Huffman coding, context-adaptive
binary arithmetic coding, or any other lossless or lossy compression algorithm. In some
cmbodiments, besides prediction data 206 and quantized transform coefficients 216, the
encoder can encode other information at binary coding stage 226, such as, for example, a
prediction mode used at prediction stage 204, parameters of the prediction operation, a
transform type at transform stage 212, parameters of the quantization process (e.2.,

quantization parameters), an encoder control parameter {(e.g., a bitrate control paramcicr}, or
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the like. The encoder can use the output data of binary coding stage 226 to generate video
hitstream 228. In some embodiments, video bitstream 228 can be further packetized for
network transmission.

[362] Referring to the reconstruction path of process 2004, at inverse quantization
stage 218, the encoder can perform inverse quantization on quantized transform cocfficients
216 to gencrate reconstructed transform coefficients. At inverse transform stage 220, the
encoder can generate reconstructed residual BPU 222 based on the reconstructed transform
coefficients. The encoder can add reconstructed residual BPU 222 to predicted BPU 205 to
generate prediction reference 224 that is to be used in the next iteration of process 200A.

(0631 It should be noted that other variations of the process 200A can be used to
encode video sequence 202, In some embodiments, stages of process 200A can be performed
by the encoder in different orders. In some embodiments, one or more stages of process 200A
can be combined into a single stage. In some embodiments, a single stage of process 200A
can be divided into multiple stages. For example, transform stage 212 and quantization stage
214 can be combined into a single stage. In some embodiments, process 200A can include
additional stages. In some embodiments, process 200A can omit one or more stages in FIG.
2A.

[064] FIG. 2B illustrates a schematic diagram of another example encoding process
2008, consistent with embodiments of the disclosure. Process 2008 can be modified from
process 200A. For example, process 2008 can be used by an encoder conforming to a hybrid
video coding standard (e.g., H.26x series). Compared with process 2004, the forward path of
process 200B additionally inchudes mode decision stage 230 and divides prediction stage 204
into spatial prediction stage 2042 and temporal prediction stage 2044. The reconstruction

path of process 2008 additionally includes loop filter stage 232 and buffer 234.
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[065] Generally, prediction techniques can be categorized into two types: spatial
prediction and temporal prediction. Spatial prediction {(e.g., an intra-picture prediction or
“intra prediction’) can use pixels from one or more already coded neighboring BPUs in the
same picture to predict the current BPU. That is, prediction reference 224 in the spatial
prediction can include the neighboring BPUs. The spatial prediction can reduce the inherent
spatial redundancy of the picture. Temporal prediction (e.g., an inter-picture prediction or
“inter prediction”) can use regions from one or more already coded pictures to predict the
current BPU. That is, prediction reference 224 in the temporal prediction can include the
coded pictures. The temporal prediction can reduce the inherent temporal redundancy of the
pictures.

18661 Referring to process 200B, in the forward path, the encoder performs the
prediction operation at spatial prediction stage 2042 and temporal prediction stage 2044, For
example, at spatial prediction stage 2042, the encoder can performn the intra prediction. For an
original BPU of a picture being encoded, prediction reference 224 can include one or more
neighboring BPUs that have been encoded (in the forward path) and reconstructed (in the
reconstructed path} in the same picture. The encoder can generate predicted BPU 208 by
extrapolating the neighboring BPUs. The extrapolation technique can include, for example, a
linear extrapolation or interpolation, a polynomial extrapolation or interpolation, or the like.
In some embodiments, the encoder can perform the extrapolation at the pixel level, such as
by extrapolating values of corresponding pixels for each pixel of predicted BPU 208, The
neighboring BPUs used for extrapolation can be located with respect to the original BPU
from various directions, such as in a vertical direction {e.g., on top of the original BPU), a
horizontal direction {e.g., to the left of the original BPU), a diagonal direction {e.g., to the
down-left, down-right, sp-left, or up-right of the original BPL), or any direction defined in

the used video coding standard. For the intra prediction, prediction data 206 can include, for
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cxample, locations (e.g., coordinates) of the used neighboring BPUs, sizes of the used
neighboring BPUs, parameters of the extrapolation, a direction of the used neighboring BPUs
with respect to the original BPU, or the like.

[367] For another example, at temporal prediction stage 2044, the encoder can
perform the inter prediction. For an original BPU of a current picture, prediction reference
224 can include one or more pictures {referred to as “reference pictures”) that have been
cncoded (in the forward path) and reconstructed (in the reconstructed path). In some
embodiments, a reference picture can be encoded and reconstructed BPU by BPU. For
cxample, the encoder can add reconstructed residual BPU 222 to predicted BPU 208 to
generate a reconstructed BPU. When all reconstructed BPUs of the same picture are
generated, the encoder can generate a reconsiructed picture as a reference picture. The
encoder can perform an operation of “motion estimation” to search for a matching region in a
scope (referred to as a “search window™) of the refevence picture. The location of the scarch
window in the reference picture can be determined based on the location of the original BPU
in the curvent picture. For example, the search window can be centered at a location having
the same coordinates in the reference picture as the original BPU in the current picture and
can be extended out for a predetermined distance. When the encoder identifics (e.g., by using
a pel-recursive algorithm, a block-matching algorithm, or the like) a region similar to the
original BPU in the search window, the encoder can determine such a region as the matching
region. The matching region can have different dimensions (e.g., being smaller than, equal to,
targer than, or in a different shape) from the original BPU. Because the reference picture and
the carrent picture are temporally separated in the timeline {(e.g., as shown in FIG, 1), itcan
be deemed that the matching region “moves” to the location of the original BPU as time goes
by. The encoder can record the divection and distance of such a motion as a “motion vector.”

When multiple reference pictures are used {e.g., as picture 106 in FEG. 1), the encoder can
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search for a matching region and determine its associated motion vector for each refevence
picture. In some embodiments, the encoder can assign weights to pixel values of the matching
regions of respective maiching reference picturcs.

(3687 The motion estimation can be used to identify various types of motions, such
as, for example, translations, rotations, zooming, or the like. For inter prediction, prediction
data 206 can include, for example, locations {¢.g., coordinates) of the matching region, the
maotion vectors associated with the matching region, the number of reference pictures,
weights associated with the reference pictures, or the like.

[069] For generating predicted BPU 208, the encoder can perform an operation of
“motion compensation.” The motion compensation can be used to reconstruct predicted BPU
208 based on prediction data 206 (e.g., the motion vector) and pradiction reference 224. For
example, the encoder can move the matching region of the reference picture according to the
motion vector, in which the encoder can predict the original BPU of the current picture.
When multiple reference pictures are used {e.g., as picture 106 in FIG. 1), the encoder can
move the matching regions of the reference pictures according (o the respective molion
vectors and average pixel values of the matching regions. In some embodiments, if the
cncoder has assigned weights to pixel values of the matching regions of respective matching
refercnce pictures, the encoder can add a weighted sum of the pixel values of the moved
matching regions.

[070] Insome embodiments, the inter prediction can be vnidirectional or
bidirectional. Unidirectional inter predictions can use one or more reference pictures in the
same teraporal direction with respect to the current picture. For example, picture 104 in FIG.
1 is a unidirectional inter-predicted picture, in which the reference picture (i.e., picture 102)
precedes picture 104, Bidirectional inter predictions can use one or more reference pictures at

both teraporal divections with respect to the current picture. For example, picture 106 in FiG.
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1 is a bidirectional inter-predicted picture, in which the reference pictures {i.e., pictures 104
and 108} are at both temporal directions with respect to piciure 104,

1671] Sull reforring to the forward path of process 200B, after spatial prediction
2042 and temporal prediction stage 2044, at mode decision stage 230, the encoder can select
a prediction mode (c.g., one of the intra prediction or the inter prediction) for the current
tteration of process 2008. For example, the encoder can perform a rate-distortion
optimization technique, in which the encoder can select a prediction mode to minimize a
value of a cost function depending on a bit rate of a candidate prediction mode and distortion
of the reconstructed reference picture under the candidate prediction mode. Depending on the
selected prediction mode, the encoder can generate the corresponding predicted BPU 208 and
predicted data 206.

[372] in the reconstruction path of process 200B, if intra prediction mode has been
selected in the forward path, after gencrating prediction reference 224 {e.g., the current BPU
that has been encoded and reconstructed in the current picture), the encoder can directly feed
prediction reference 224 to spatial prediction stage 2042 for later usage (e.g., for
extrapolation of a next BPU of the current picture). H the inter prediction mode has been
selected in the forward path, after generating prediction reference 224 (e.g., the current
picture in which all BPUs have been encoded and reconstructed), the encoder can feed
prediction reference 224 to loop filter stage 232, at which the encoder can apply a loop filter
to prediction reference 224 to veduce or eliminate distortion {e.g., blocking artifacts)
introduced by the inter prediction. The encoder can apply various loop filter techniques at
loop filter stage 232, such as, for example, deblocking, sample adaptive offsets, adaptive loop
filters, or the like. The loop-filtered reference pictuve can be stored in butfer 234 (or
“decoded picture buffer”) for later use (e.g., to be used as an inter-prediction reference

picture for a future picture of video sequence 202). The encoder can store ong or more
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reference pictures in buffer 234 to be used at temporal prediction stage 2044. In some
cmbodiments, the encoder can encode parameters of the loop filter (e.g., a loop filter
strength} at binary coding stage 226, along with quantized transform coefficients 216,
prediction data 206, and other information.

(0731 FIG. 34 illustrates a schematic diagram of an example decoding process
300A, consistent with embodiments of the disclosure. Process 300A can be a decompression
process corresponding to the compression process 200A in FEG, 2A. In some embodiments,
process 300A can be similar to the reconstruction path of process 200A. A decoder can
decode video bitstream 228 into video streamn 304 according to process 300A. Video stream
304 can be very similar to video sequence 202. However, due to the information loss in the
compression and decompression process {g.g., quantization stage 214 in FiGs, 2A-2B),
generally, video stream 304 is not identical to video sequence 202. Similar to processes 200A
and 2008 in FIGs. 2A4-2B, the decoder can perform process 3004 at the level of basic
processing units (BPUs) for each picture encoded in video bitstream 228, For example, the
decoder can perform process 300A in an iterative manner, in which the decoder can decode a
basic processing unit in one iteration of process 300A. In some embodiments, the decoder can
perform process 300A in paralle! for regions (e.g., regions 114-118) of cach picture encoded
in video bitstream 228,

[374] In FEG. 3A, the decoder can feed a portion of video bitstream 228 associated
with a basic processing unit (referred to as an “encoded BPU”) of an encoded picture to
binary decoding stage 3072, At binary decoding stage 302, the decoder can decode the portion
into prediction data 206 and quantized transform coetficients 216. The decoder can feed
quantized transform coefficients 216 to inverse gquantization stage 218 and inverse transform
stage 220 to generate reconstructed residual BPU 222, The decoder can feed prediction data

206 to prediction stage 204 to gencrate predicted BPU 208. The decoder can add
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reconstructed residual BPU 222 to predicted BPU 208 to generate predicted reference 224. In
some embodiments, predicted reference 224 can be stored in a buffer (e.g., a decoded picture
buffer in a computer memory). The decoder can feed predicted refercnce 224 to prediction
stage 204 for performing a prediction operation in the next iteration of process 300A.

(0751 The decoder can perform process 300A iteratively to decode each encoded
BPU of the cncoded picture and generate predicted reference 224 for encoding the next
encoded BPU of the encoded picture. After decoding all encoded BPUs of the encoded
picture, the decoder can output the pictare to video siream 304 for display and proceed to
decode the next encoded picture in video bitstream 228,

[0761 At binary decoding stage 302, the decoder can perform an inverse operation of
the binary coding technique used by the encoder {e.g., entropy coding, vartable length coding,
arithmetic coding, Huffman coding, context-adaptive binary arithmetic coding, or any other
lossless compression algorithm). In some embodiments, besides prediction data 206 and
quantized transform coefficients 216, the decoder can decode other information at binary
decoding stage 302, such as, for example, a prediction mode, parameters of the prediction
operation, a transform type, parameters of the guantization process (¢.g., quantization
parameters), an cncoder control parameter (¢.g., a bitrate control parameter), or the like. In
some embodiments, if video bitstream 228 is transmitted over a network in packets, the
decoder can depacketize video bitstream 228 before feeding it to binary decoding stage 302.

[077] FIG. 3B illustrates a schematic diagram of another example decoding process
3008, consistent with embodiments of the disclosure. Process 3008 can be modified from
process 300A. For example, process 3008 can be used by a decoder conforming to a hybwid
video coding standard {(e.g., H.26x series). Compared with process 300A, process 300B
additionally divides prediction stage 204 into spatial prediction stage 2042 and temporal

prediction stage 2044, and additionally includes loop filter stage 232 and buffer 234.
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[G78] In process 3008, for an encoded basic processing unit (referved to as a
“current BPU”) of an encoded picture (referred to 3s a “current picture”) that is being
decoded, prediction data 206 decoded from binary decoding stage 302 by the decoder can
include varigous types of data, depending on what prediction mode was used to encode the
carrent BPU by the encoder. For example, if intra prediction was used by the encoder to
encode the current BPU, prediction data 206 can include a prediction mode indicator (e.g., a
flag value) indicative of the intra prediction, parameters of the intra prediction operation, of
the like. The parameters of the intra prediction operation can include, for example, locations
(e.g., coordinates) of one ot more neighboring BPUs used as a reference, sizes of the
neighbering BPUs, parameters of extrapolation, a direction of the neighboring BPUs with
respect to the original BPU, or the like. For another exarple, if inter prediction was used by
the encoder to encode the current BPU, prediction data 206 can inciude a prediction mode
indicator (e.g., a flag value) indicative of the inter prediction, parameters of the inter
prediction operation, or the like. The parameters of the inter prediction operation can include,
for example, the number of reference pictures associated with the current BPU, weighis
respectively associated with the reference pictures, locations (e.g., coordinates) of one or
more matching regions in the respective reference pictures, one or more motion vectors
respectively associated with the maiching regions, or the like.

[479] Based on the prediction mode indicator, the decoder can decide whether to
perform a spatial prediction {e.g., the intra prediction) at spatial prediction stage 2042 or a
temporal prediction {(e.g., the inter prediction) at temporal prediction stage 2044, The details
of performing such spatial prediction or temporal prediction are described in F1G. 2B and
will not be repeated hereinatter. After performing such spatial prediction or temporal

prediction, the decoder can generate predicted BPU 208. The decoder can add predicted BPU
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208 and reconstructed residual BPU 222 to generate prediction reference 224, as described in
FiG. 3A.

108031 In process 300B, the decoder can feed predicted reference 224 to spatial
prediction stage 2042 or tempoval prediction stage 2044 for performing a prediction operation
in the next iteration of process 3008. For exaraple, if the curvent BPU is decoded using the
intra prediction at spatial prediction stage 20472, after generating prediction reference 224
(e.g., the decoded current BPU), the decoder can divectly feed prediction reference 224 to
spatial prediction stage 2042 for later usage (e.g., for extrapolation of a next BPU of the
current picture). If the current BPU is decoded using the inter prediction at temporal
prediction stage 2044, after generating prediction reference 224 (e.g., a reference picture in
which all BPUs have been decoded). the encoder can feed prediction reference 224 to loop
filter stage 232 to reduce or eliminate distortion {(e.g., blocking artifacts). The decoder can
apply a loop filter to prediction reference 224, in a way as described in F1G. 2B. The loop-
filtered reference picture can be stored in buffer 234 (e.g.. a decoded picture bufferin a
computer memory} for later use {e.g., to be used as an inter-prediction reference picture for a
future encoded picture of video bitstream 228). The decoder can store one or more reference
pictures in buffer 234 to be used at terpporal prediction stage 2044. In some ernbodiments,
when the prediction mode indicator of prediction data 206 indicates that inter prediction was
used to encode the current BPU, prediction data can further include parameters of the loop
filter {e.g., a loop filter strength).

(0811 FIG. 4 is a block diagram of an example apparatus 400 for encoding or
decoding a video, consistent with embodiments of the disclosure. As shown in FIG. 4,
apparatus 400 can include processor 402. When processor 402 executes instructions
described herein, apparatus 400 can become a specialized machine for video encoding or

decoding. Processor 402 can be any type of circuitry capable of manipulating or processing
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information. For example, processor 402 can include any combination of any number of a
ceniral processing unit (or “CPU”), a graphics processing unit (or “GPU™), a neural
processing unit (“NPU™), a microcontrolier unit {“"MCU™}, an optical processor, a
programmable logic controller, a microcontroller, a microprocessor, a digital signal
processor, an intellectual property (IP) core, a Prograramable Logic Array (PLA), a
Prograramable Array Logic (PAL), a Generic Array Logic (GAL), a Complex Progranunable
Logic Device (CPLD), a Field-Programmable Gate Array (FPGA), a System On Chip (50C),
an Application-Specific Integrated Circuit (ASIC), or the hike. In some embodiments,
processor 402 can also be a set of processors grouped as a single logical component. For
cxarople, as shown in FEG. 4, processor 402 can include multiple processors, including
processor 402a, processor 402b, and processor 402n.

[382] Apparatos 400 can also include memory 404 configured to store data (e.g., a
set of nstructions, computer codes, intermediate data, or the like). For example, as shown in
FEG. 4, the stored data can include program instructions {e.g., program instructions for
implementing the stages in processes 200A, 200B, 300A, or 300B) and data for processing
{e.g., video sequence 202, video bitstream 228, or video stream 304). Processor 402 can
access the program instructions and data for processing {(c.g., via bus 410}, and exccute the
program instructions to perforin an operation or manipulation on the data for processing.
Memory 404 can include a high-speed random-access storage device or a non-volatile storage
device. In some embodiments, memory 404 can include any combination of any nurmober of a
random-access memory (RAM), a read-only memory (ROM), an optical disc, a magnetic
disk, a hard drive, a solid-state drive, a flash drive, a sccurity digital (5D) card, a memory
stick, a compact flash (CF) card. or the like. Memory 404 can also be a group of memories

{not shown in FEG. 4) grouped as a single logical component.
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(0837 Buos 410 can be a communication device that transfers data between
components inside apparatus 400, such as an intemnal bus (e.g., a CPU-memory bus}, an
external bus (e.g., a universal serial bus port, a peripheral component interconnect cxXpress
port), or the hike.

[0841 For case of explanation without causing amabiguity, processor 402 and other
data processing circuits are collectively referred to as a “data processing circuit’™ in this
disciosure. The data processing circuit can be implermented entirely as hardware, or as a
combination of software, hardware, or firmware. In addition, the data processing circuit can
be a single independent module or can he combined entively or partially into any other
component of apparatus 400.

18851 Apparatus 400 can further include network interface 406 to provide wired or
wircless conmmunication with a network (e.g., the Internet, an intranet, a local area network, a
mobile commuonications network, or the like). In some embodiments, network interface 406
can include any combination of any number of a network interface controller (NIC), a radio
frequency (RF) module, a transponder, a transeeiver, a modem, a router, a gateway, a wired
network adapter, a wireless network adapter, a Bluetooth adapter, an infrared adapter, an
near-field communication ("NFC”) adapter, a cellular network chip, or the like,

13861 In some embodiments, optionally, apparatus 400 can further include peripheral
interface 408 to provide a connection to one or more peripheral devices. As shown in FIG. 4,
the peripheral device can include, but is not limited to, a cursor control device (e.g., a mouse,
a touchpad, or a touchscreen), a keyboard, a display {(e.g., a cathode-ray tube display, a liquid
crystal display, or a light-emitting diode display}, a video input device {¢.g., a camera or an
input interface coupled to a video archive), or the like.

[087] It should be noted that video codecs (e.g., a codec performing process 2004,

2008, 300A, or 300B) can be implemented as any combination of any software or hardware
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modules in apparatus 400. For example, some or all stages of process 2004, 2008, 300A, or
300B can be implemented as one or more software modules of apparatus 400, such as
program instructions that can be loaded into memory 404. For another example, some or all
stages of process 200A, 2008, 300A, or 3008 can be implemented as one or more hardware
modules of apparatus 400, such as a specialized data processing circuit (e.g., an FPGA, an
ASIC, an NPU, or the like).

[088] Interpolation tasks arise naturally in the context of video coding because the
true displacements of objects from one picture o another are independent of the sampling
grid of cameras. Therefore, in motion compensation (MO prediction, fractional-sample
accuracy is used to more accurately capture continuous motion. Samples available af integer
positions are filtered to estimate values at fractional positions. HEV{ supports motion
vectors with quarter-pixel accuracy for the hima component and one-eighth pixel accuracy
for chroma components. If the motion vector has a half or quarter-pixel accuracy, samples at
fractional positions can be interpolated using the saraples at integer-sample positions. This
spatial domain operation can be seen in the frequency domain as introducing phase delays to
individual frequency components. An ideal interpolation filter for band-lirnited signals
induces a constant phase delay to all frequencies and does not alter their magnitudes, which
allows all frequencies below a cutoff frequency pass through with amplitude 1 and stops all
frequencies above the cotoff frequency with zero amplitude, as shown in FEG. 8.

(0891 An important parameter for interpolation filters is the number of filter taps as
it has a direct influence on both coding efficiency and implementation complexity. In general,
filters with more taps could achieve better interpolation performance. In terms of
implementation, it not only has an tmpact on the arithimetic operations but also on the
memory bandwidth required to access the reference samples. In some embodiments, the luma

interpolation process uses a symmetric 8-tap filter for half-pel positions and an asymmetric 7-
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tap filter for quarter-pel positions to minimize the additional complexity of the motion
compensation process. For chroma samples, a 4-tap filter can be introduced.

10901 HEVC interpolation filter can forward transform the known integer samples to
the discrete cosine transform (DCT) domain and inverse transform the DCT coefficients to
the spatial domain using DCT basis sampled at desired fractional positions, instead of integer
positions. These operations can be combined into a single finite impulse response (FIR)
filters. The coefficients of the FIR filters are designed using a Fourier decomposition of the
discrete cosine transform. The resulting interpolation filter is thus named D{CT-based
interpolation filter (DCTIF). A brief overview of the DUTIHF is provided below.

1091 Leti{{=-(N/2)+1,..,N/2) denote the position of integer sanmples, o
denote the desired fractional position (¢.g. 1/4, 1/2...). When the filter tap is set to N, the

coefficient Filter; (o) is derived according to Equation (1) helow.

Filter;(a) = S(m) SR {(Wila) - Dyy) Eq. (1)
where
1 ,
= (k=)
Wila) = 2 a=1+N
COS (\ 5T k- n‘) (k=1.N-1)
2 (2-0—~1+N \
Die = g5 cos {(——mg—"k )

(3921 S{m) is the smoothing window function to make the filter kernel in finite
length, which can be defined as Equation (2) below.
S{m) = cos {n i-;:i) Eq. (2)
where m 18 the smoothing parameter.
(093] Filter coefficients Filter; () are real numbers with magnitude no higher than

1. To enable fixed-point implementations, all filter cocfficients are multiplied by a scaling
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factor 2° (where s is 6 in HEVC) and rounded to the nearest integer according to Equation (3)
below.
filter, (o) = round(Filter;{o) - 2%} Eq. (3)

10841 The resulting coefficients of the interpolation filter of HEVC are shown in
Tables 6-7 of FIGs. 6-7 for luma and chroma components, respectively.

139571 In some embodiments, the motion vector resolution can be extended to one-
sixteenth accuracy. DCTIF can still be used for the motion compensation interpolation and
the filter coefficients are shown in Tables 8-9 of FIGs. 8-% for luma and chroma components,
respectively.

[096] For the luma components, it half-pel adaptive motion vector resolution
(AMVR} mode is selected and interpolated position is half-pel, a 6-tap filter {e.g., { 3, 9, 20,
24, 9, 3 1) can be used. Otherwise, if the motion compensated block size is 4x4, the following
G-tap filters as shown in Table 10 of FEG. 16 can be used.

10971 The 6-tap filter in Table 10 of FEG. 10 is used for the 4x4 motion
compensation block. However, this filter is not derived based on the DCTIF. From the
coefficients, it can be seen that the coefficients p{-2{, p{3] of 6-tap filter are obtained by
adding the coefficients p{-3| and pi4] of 8-tap filters into p{-2] and pf3], respectively. The
filter derived by this way may not approximate the ideal impulse response filter, and also not
align with the 8-tap DCTIF for the other motion compensation blocks.

[G98] A filter according to embodiments of the disclosure will be described as
helow.

[099] In some embodiments, a number of filter taps can be set to 6. Let { ({ =
—~2, ..., 3) denote the position of integer samples, o denote the desired fractional position (e.g.
1/4, 1/2...). The cocfficient Filter;{a) is derived by Equation (4) below.

Filteri(o) = 5(m) T3 oo(Wie (@)~ Dy ) Eq. (4)
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and the DCT-based interpolation filter can be expressed
Filter(a) = S(m) Bi=o(Wi(@) - D) Eq. (5)
where
1 (k=0
2

Wel@) =

ﬂ<2.a+sk‘\ (k=1..N—1)
cos | —3 n) (k=1..1 }

(1001 S(m) is the smoothing window function to make the filter kernel in finite
length, which can be defined as Equation (6) below.

S{m) = cos (- E-;ni) Eq. (6)
where m is the smoothing paramcter. Here, the smoothing parameter is set to Table 11 of
FIG. 11,

[101] Then, the real-number filter coefficienis are calculated as shown in Table 12
of FiG. 12.

[102] When rounding the real-mumber filters to the integer coefficients, a scaling
factor of 64 can be used bere. And the resulting 6-tap DCTIF is shown in Table 12 of FIG.
13.

[103] Compared to the 6-tap filter in Table 10 of FEG. 19, the proposad 6-tap DCT-
based filter in Table 13 of FIG, 13 can be smoother in some phases. That is, the coefficient
variants among different positions decrease to a little extent.

(1041 To cnable fixed-point implementations, the filter coefficients are multiplied by
a scaling factor 2° and rounded to the nearest integer. Therefore, the scaling and rounding
process also impact on the resulting filter. In some embodiments, another rounding method
according to embodiments of the disclosure can be provided as below, and the rounding

method can include steps as below.
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[105] Atstep 1, for the N-tap real-number coefficients Fi{a) (I =—(N/2) +
1, ..., N /2) of fractional position &, let f;{a) denote the integer-number coefficient after
rounding. The cocfficients satisfying the following Equation (7) are first rounded to the
neargst integer mumber.

0 =51 o - R < 5
where ff (< f<1)1is a threshold and set to 0.3 here.

[136] Atstep 2, without loss of generality, let F;{a) denote the filter coefficients
rounded in step 1 and F;{a) denote other filter coefficients. Thus, Equation (8) can be derived
as below.

2file) =2 — 3 fi(a} Eq. (8)
where s denote the scaling factor and set to 6 here. Based on this constraint, the rounding of
Fi{a) is determined by minimizing the rounding displacerent as Equation (9) below:

min{% |fi(e) ~ E (@}, filee (Al [F(@)]} Eg. (9)

[107] Taking o = 1/4 as the exampile, the F;{1/4) can be:

Interpolation filter coefficients for 1/4 fractional position
Stage
f=-3 f=-2 {=-1 {=0 {=1 {=12 {=3 i=4
F{l/4 0 1.52% | -8209 | 5653 1794 | -4.989 (.88 0

(1081 During step 1, it is found that the rounding condition is satisfied for 7= {-1, 1,

2,3}, and hence

Interpolation filter cocfficients for 1/4 fractional position
Stage
{=-3 [=-2 {=-1 {=0 {=1 {=2 =3 i=4
F(1/4) 0 £321 | -8.209 | 56.53 17.94 | -4.989 0.88 0
Step 1 0 1521 -8 56.53 18 -5 1 0
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[109] During step 2, it is first inferred that
fo(1/4y+ fo(1/4) =25~ (-8 +16 -5+ 1) =58 Eq. (1)
[110] Then, f (1 /4) could be {1, 2} and f5(1/4) could be {56, 57}. After
checking all the combinations, it is found that f,{1/4) = 1, f3(1/4)=57 could minimize the

rounding error. Finally, the integer-number filter coefficients for 1/4 fractional position are:

Interpolation filter coefficients for 1/4 fractional position
Stage
l = -3 l = -2 l::: ~1 L) = o l::: i l == 2 f::: 3 [’::: LE.
Fi(1/4) O 1.52% | -8.209 | 5653 1794 | -4.989 (.88 0
Step 1 O 1.521 -8 56.53 18 -5 1 0
H(1/4) 0 1 -8 57 18 -5 i O

[111] In this manner, the proposed integer 6-tap DCT-based interposition filter is
shown Table 14 of FIG. 14.

1112] It is appreciated that other rounding methods may be used. For example, the
threshold £ in step 1 could be set to 0.4. Otherwise, the namber of coefficients rounded in
step 1 could also be set as a parameter related to the number of filter tap, for example, N-2.

[113] An interpolation filter with the smoothing window function aims to
approximate the frequency response of ideal interpolation as closely as possible. In the
DCTIF of HEVC and VVC, the smoothing window function uses the cosine function cos (-
{l — a)/m)}. However, a proper smoothing function may be different for various
circumstances. In some embodiments, the smoothing window of sine function can be used.

For example, the sine window function can be expressed as below Equation (11).

m+i-a
2m

S{m) = sin {1t~ 3 Eq. (1)
where m 1s the smoothing parameter, { represents the position of integer samples and

represents the desired fractional position.

[
e
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[114] The value of smoothing parameter m may not be fixed. If given the values of
m as Table 15 of FIG, 18, the proposed filter coefficients are shown in Tables 16-17 of
FiGs. 16-17.

(115} If the smooth window function can be removed, the DCTIF can be rewritten as
below Bquation (12).

Filteri () = IR0 (W) - D) Eq. (12)
where the definitions of Wi () and Dy, are as same as above. In this case, the filter
coctficients are shown in Tables 18-19 of FIGs, 18-18.

[1i6] FIG. 20 is a flowchart of a computer-implemented method 2000 for
processing a video content, consistent with embodiments of the disclosure. In some
embodiments, method 2000 can be performed by a codec (e.g., an encoder using encoding
processes 200A or 2008 in FIGs. 2A-28 or a decoder using decoding processes 300A or
3008 in FIGs, 3A-38). For cxample, the codec can be implemented as one or more software
or hardware components of an apparatus (g.2., apparatus 400) for encoding or transcoding a
video sequence. In some embodiments, the video sequence can be an uncompressed video
sequence {e.g., video sequence 202} or a compressed video sequence that is decoded (e.g.,
video stream 304). In some embodiments, the video sequence can be a monitoring video
sequence, which can be captured by a monitoring device (2.g., the video input device in FIG.
4} associated with a processor {e.g., processor 402) of the apparatus. The video sequence can
include multiple pictures. The apparatus can perform method 2000 at the level of pictures.
For example, the apparatus can process one picture at a time in method 2000. For another
example, the apparatus can process a plurality of pictures at a time in method 2000. Method
2000 can include steps as below.

(1171 At step 2002, intermediate interpolation coefficients of an interpolation filter

can be gencrated based on a position of an integer saraple and a fractional reference position
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of a fractional sample. In some embodiments, it can be determined whether an intermediate
interpolation coefficient satisfies a condition in association with a difference between the
intermediate interpolation coefficient and the integer that is nearest to the intermediate
interpolation coefficient. The condition can be referred to Equation {7} above. The difference
between the intermediate interpolation coefficient and the integer that is nearest to the
intermediate interpolation coefficient is less than a given threshold. The given threshold can
be set to 0.3,

[118] In some embodiments, when the intermediate interpolation coefficients do not
satisfy the above condition, at least one intermediate interpolation coefficient not satisfying
the condition can be determined. Then, at Ieast one combination of at least one rounded
intermediate interpolation coefficient can be generated by rounding each of the at least one
intermediate interpolation coefficient not satisfying the condition to a next integer. A first
cornbination can be selected from the at least one combination. The first combination can
include at least one rounded intermediate interpolation coefficient that has a minimal sum of
rounding errors.

(1191 At step 2004, integer interpolation cocfficients of the interpolation filter can be
generated by rounding each of the intermediate interpolation coefficients to an integer that is
nearest to the intermediate interpolation coefficient. That is, when the condition at step 2004
is satisfied, the intermediate interpolation coefficient can be rounded to the integer that is
nearest to the intermediate interpolation coefficient.

[120] At step 2006, the integer inferpolation coefficients can be applied on an image
to perform motion compensation prediction. In some cmbodiments, the integer interpolation
coefficients can be further smoothed based on a smoothing window function.

[121] The smoothing window function can be at least one of: a cosine function in

association with the position of the integer sample, the fractional reference position of the

2
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fractional sample, and a smoothing parameter; or a sine function in association with the
position of the integer sample, the fractional reference position of the fractional sample, and a
smoothing parameter. For example, the smoothing window function can be expressed as
above Equation (2).

[1221 in some embodiments, an output of the smoothing window function is a
constant value. For example, the constant value is equal to 1.

[123] In some embodiments, a non-transitory computer-readable storage medium
including imstructions is also provided, and the instructions may be executed by a device
{(such as the disclosed encoder and decoder), for performing the above-described methods.
Common forms of non-transitory media include, for cxample, a floppy disk, a flexible disk,
hard disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a CD-
ROM, any other optical data storage medium, any physical medium with patterns of holes, a
RAM, a PROM, and EPROM, a FLASH-EPROM or any other flash memory, NVRAM, a
cache, a register, any other memory chip or cartridge, and networked versions of the same.
The device may include one or more processors (CPUs}, an input/output interface, a network
interface, and/or a memory.

[124] The cmbodiments may further be described using the following clauses:

1. A computer-implerented method for processing video content, comprising:

determining a plurality of intermediate interpolation coefficients of an interpolation
filter, wherein the plurality of intermediate interpolation coefficients are determined:

based on positions of a plurality of integer samples respectively, and
based on fractional reference positions of a plurality of fractional samples

respectively;
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determining a plurality of integer interpolation coefficients of the mmterpolation filter
by rounding the plurality of intermediate interpolation cocfficients to a plurality of integers
respectively; and

applying the plurality of integer interpolation coefficients on a picture to perform
motion compensation prediction.

2. The method according to clause 1, whercin determining the plorality of integer
interpolation coetficients of the interpolation filter by rounding the plurality of intermediate
interpolation coctficients to the plurality of integers respectively further comprises:

minimizing a sum of rounding errors of the plurality of intermediate interpolation
coefficients.

3. The method according to clause 2, further comprising:

determining whether each of the plurality of intermediate interpolation coetficients
satisfies a condition; and

in tesponse to a first intermediate interpolation coefficient satisfying the condition,
rounding the first intermediate interpolation coctficient to an integer that is nearest to the first
intermediate interpolation coefficient.

4. The method according to clause 3, wherein the condition comprises:

a difference between an intermediate interpolation coefficient and an integer that is
nearest o the intermediate interpolation coefficient is less than a given threshold

5. The method according to clause 3, further comaprising:

in response to a determination that one or more of the plurality of intermediate
interpolation coefficients do not satisfy the condition, rounding the one or more infermediate
interpolation coefficients to one or more integers respectively, wherein the sam of the

rounding ervors of the plurality of intermoediate interpolation coefficients has a minimal value.
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6. The method according to clause 1, wherein applying the plurality of integer
interpolation coefficients on the picture further comprises:

smoothing the plurality of integer interpolation coefficients based on a smoothing
window function.

7. The method according to clause 6, wherein the smoothing window function is at
least one of:

a cosine function in association with the positions of the plurality of integer samples,
the fractional reference positions of the plurality of fractional samples, and a smoothing
parameter; or

a sine function in assoctation with the positions of the plurality of integer samples, the
fractional reference positions of the plurality of fractional samplcs, and a smoothing
parameter.

8. The method according to clause 6, wherein an output of the smoothing window
function is a constant value.

9. The method according to clause &, wherein the constant value is equal fo 1.

10. A system for processing video content, comprising:

a memory for storing a sct of instructions; and

at least one processor configured to execute the set of instructions {o cause the system
to perform:

determining a plurality of intermediate interpolation coefficients of an interpolation
filter, wherein the plurality of intermediate interpolation cocfficients are determined:

based on positions of a plurality of integer samples respectively, and
based on fractional reference positions of a plurality of fractional samples

respectively;

2
joa)



WO 2021/061322 PCT/US2020/047766

determining a plurality of integer interpolation coefficients of the mmterpolation filter
by rounding the plurality of intermediate interpolation cocfficients to a plurality of integers
respectively; and

applying the plurality of integer interpolation coefficients on a picture to perform
motion compensation prediction.

11. The systern according to clause 10, wherein in determining the plurality of integer
interpolation coetficients of the interpolation filter by rounding the plurality of intermediate
interpolation coefficients to the plurality of integers respectively, the at least one processor is
configured to execute the set of instructions to cause the system to further perform:

minimizing a sum of rounding crrors of the plurality of intermediate interpolation
coefficients.

12. The system according to clause 11, wherein the at least one processor is
configured to execute the set of instructions to cause the system to further perforn

determining whether cach of the plurality of intermediate interpolation coefficients
satisfies a condition; and

in response o a first intermediate interpolation coefficient satisfying the condition,
rounding the first intermediate interpolation coefficient to an integer that is nearest to the first
intermediate interpolation coefficient.

13. The system according to clause 12, wherein the condition comprises:

a difference between an intermediate interpolation coefficient and an integer that is
nearest to the intermediate interpolation cocfficient is less than a given threshold.

14. The system according to clause 12, wherein the at least one processor is

configured to execute the set of instructions to cause the system to further perform:
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in response to a detenmination that one or more of the plurality of intermediate
interpolation coefficients do not satisfy the condition, rounding the one or more intermediate
interpolation coefficients to one or more integers respectively, wherein the sum of the
rounding errors of the plurality of intermediate interpolation coefficients has a minimal value.

15. The systern according to clause 10, wherein in applying the plurality of integer
interpolation coefficients on the picture further, the at least one processor is configured to
cxecute the set of instructions to cause the system to further performy:

smoothing the phurality of integer interpolation coefficients based on a smoothing
window function.

16. The system according to clause 15, wherein the smoothing window function is at
least one of:

a cosing function in association with the positions of the plurality of integer samples,
the fractional refercnce positions of the plurality of fractional samples, and a smoothing
parameter; or

a sine tunction in association with the positions of the plurality of integer samples, the
fractional reference positions of the plurality of fractional samples, and a smoothing
parareter.

17. The system according to clause 15, wherein an output of the smoothing window

function i8 a constant vahie.

18. The systern according to clause 17, wherein the constant vahie is equal to 1.

-

19. A non-transitory computer readable medium storing instructions that are
cxecutable by at least one processor of a computer system, whercin the execution of the
instroctions causes the computer system (o perform a method comprising:

determining a plurality of intermediate interpolation coefficients of an interpolation

filter, wherein the plurality of intermediate interpolation coefficients are determined:
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based on positions of a plurality of integer samples respectively, and
based on fractional reference positions of a plurality of fractional samples
respectively;

determining a plurality of integer interpolation coefficients of the interpolation filter
by rounding the plurality of intermediate interpolation coefficients to a plurality of integers
respectively; and

applying the plurality of intcger interpolation coctiicients on a picture to perforin
motion compensation prediction.

20. The non-trapsitory computer readable medium according to clause 19, wherein in
determining the plurality of integer interpolation coctficients of the interpolation filter by
rounding the plurality of intermediate interpolation coefficients to the plurality of integers
respectively, the execution of the instructions causes the computer system to further perform:

minimizing a sum of rounding errors of the plurality of intermediate interpolation
coctlicients.

21. The non-transitory computier readable medium according to clause 20, wherein the
cxecution of the instructions causes the computer sysiem to further perform:

determining whether each of the plurality of intermediate interpolation coefficients
satisfies a condition; and

in response o a first intermediate interpolation coefficient satisfying the condition,
rounding the first intermediate interpolation coefficient to an integer that is nearest to the first
intermediaie interpolation coetficient.

22. The non-transitory computier readable medium according to clause 21, wherein the
condition comprises:

a difference between an intermediate interpolation coefficient and an integer that i3

nearest to the intermediate interpolation cocfficient is less than a given threshold.
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23. The non-transitory computer readable medium according to clause 21, wherein the
cxecution of the instructions causes the computer system to further perform:

in response to a determination that one or more of the plurality of intermediate
interpolation coefficients do not satisfy the condition, rounding the one or more intermediate
interpolation coefficients to one or more integers respectively, wherein the sum of the
rounding errors of the plurality of intermediate interpolation coefficients has a mintmal value,

24. The non-transitory computier readable medium according to clause 19, wherein in
applying the plurality of integer interpolation coefficients on the picture further, the execution
of the instructions causes the coraputer system to further perform:

smoothing the plurality of integer interpolation coefficients based on a smoothing
window function.

25. The non-transitory computer readable medium according to clause 24, wherein the
smoothing window function is at least one of:

a cosine function in association with the positions of the plurality of integer samples,
the fractional reference positions of the plurality of fractional samples, and a smoothing
parameter; or

a sine function in assoctation with the positions of the plurality of integer samples, the
fractional reference positions of the plurality of fractional samples, and a smoothing
parameter.

26. The non-transitory computer readable medium according to clause 24, wherein an
output of the smoothing window function is a constant value.

27. The non-transitory compuier readable medium according to clause 26, wherein the
constant value is equal to 1.

(1251 it should be noted that, the relational terms herein such as “first” and “second”

are used only to differentiate an entity or operation from another entity or operation, and do
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not require or tmply any actual relationship or sequence between these entities or operations.

12

Moreover, the words “comprising,” “having,” “confaining,” and “including,” and other
similar forms are iniended to be equivalent in meaning and be open ended in that an item or
items following any one of these words is not meant to be an exhaustive lisung of such ttem
or items, or meant to be Hmited to only the listed ttem or iterps.

[1261 As used herein, unless specifically stated otherwise, the term “or”
cncompasses all possible combinations, except where infeasible. For exaraple, if it is stated
that a database may include A or B, then, unless specifically stated otherwise or infeasible,
the database may include A, or B, or A and B. As a second example, if it is stated that a
database may include A, B, or C, then, unless specifically stated otherwise or infeasible, the
database may include A, or B,orC,or Aand B.orAand C,orBand C,or A and B and C.

[127] itis appreciated that the above described embodiments can be implemented by
hardware, or software (program codes), or a combination of hardware and software. If
implemented by software, it may be stored in the above-described computer-readable media.
The software, when executed by the processor can perform the disclosed methods. The
computing units and other functional units described in this disclosure can be implemented
by hardware, or software, or a combination of hardware and software. One of ordinary skill in
the art will also understand that multiple ones of the above described modules/units may be
combined as one module/unit, and each of the above described modules/units may be further
divided into a plurality of sub-modules/sub-units.

[128] In the foregoing specification, embodiments have been described with
reference to numerous specific details that can vary from implementiation to implementation.
Certain adaptations and modifications of the described embodiments can be made. Other
cmbodiments can be apparent to those skilled in the art from consideration of the

specification and practice of the invention disclosed herein. It is intended that the
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specification and examples be considered as exemplary only, with a true scope and spirit of
the invention being indicated by the following claims. It is also intended that the sequence of
steps shown in figures are only for illustrative purposes and are not intended to be limited to
any particelar sequence of steps. As such, those skilled in the art can appreciate that these
steps can be performed in a different ovder while tmoplementing the same method.

[1291 In the drawings and specification, there have been disclosed exemplary
cmbodiments. However, many variations and modifications can be made to these
cmbodiments. Accordingly, although specific terms are employed, they are used in a generic

and descriptive sense only and not for purposes of limitation.
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WHAT 15 CLAIMED IS:

1. A coraputer-implemented method for processing video content, comprising:
determining a plurality of intermediate interpolation coefficients of an interpolation
filter, wherein the plorality of intermediate interpolation coefficients are deternined:
based on positions of a plurality of integer samples respectively, and
based on fractional reference positions of a plurality of fractional samples
respectively;
determining a plurality of integer interpolation coefficients of the mmterpolation filter
by rounding the plurality of intermediate interpolation coefficients to a plurality of integers
respectively; and
applying the plurality of integer interpolation coefficients on a picture to perform

motion compensation prediction.

2. The method according to claim 1, wherein determining the plurality of integer
interpolation coetficients of the interpolation filter by rounding the plurality of intermediate
interpolation coctficients to the plurality of integers respectively further comprises:

minimizing a sum of rounding crrors of the plurality of intermediate interpolation

coefficients.

3. The method according to claim 2, further comprising:

determining whether cach of the plurality of intermediate interpolation coefficients
satisfies a condition; and

in response o a first intermediate interpolation coefficient satisfying the condition,
rounding the first intermediate interpolation coefficient to an integer that is nearest to the first

intermediate interpolation coefficicnt.

N
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4. The method according to claim 3, wherein the condition comprises:
a difference between an intermediate interpolation coefficient and an integer that is

nearest o the intermediate interpolation coefficient is less than a given threshold

5. The method according to claim 3, further comprising:

in response to a determination that one or more of the plurality of intermediate
interpolation coefficients do not satisfy the condition, rounding the one or more intermediate
interpolation coefficients to one or more ntegers respectively, wherein the sum of the

rounding ervors of the plurality of intermediate inferpolation coefficients has a minimal value.

6. The method according to claim 1, wherein applying the plurality of integer
interpolation coefficients on the picture further comprises:
srmoothing the plurality of integer interpolation coefficients based on 2 smoothing

window function.

7. The method according to claim 6, wherein the smoothing window function is at
least one of:

a cosing function in association with the positions of the plurality of integer samples,
the fractional refercnce positions of the plurality of fractional samples, and a smoothing
parameter; or

a sine tunction in association with the positions of the plurality of integer samples, the
fractional reference positions of the plurality of fractional samples, and a smoothing

parameter.
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8. The method according to claim 6, wherein an output of the smoothing window

function is a constant value.

9. The method according to claim 8, wherein the constant value is equal to 1.

140, A system for processing video content, comprising:
a memaory for storing a set of instructions; and
at least one processor configured to execute the st of instractions to cause the system
to perform:
determining a plurality of intermediate interpolation coefficients of an interpolation
filter, wherein the plurality of intermediate interpolation coefficients are determined:
based on positions of a plorality of integer samples respectively, and
based on fractional reference positions of a plurality of fractional samples
respectively;
determining a plurality of integer interpolation coefticients of the interpolation filter
by rounding the plurality of intermediate interpolation coefficients to a plurality of integers
respectively; and
applying the plurality of integer interpolation coefficients on a picture to perform

motion compensation prediction.

11. The systern according to claimn 10, wherein in deterouning the plurality of integer
interpolation coetficients of the interpolation filter by rounding the plurality of intermediate
interpolation coefficients to the plurality of integers respectively, the at least one processor is

configured to execute the set of instructions to cause the system to further perform:
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minimizing a sum of rounding errors of the plurality of intermediate interpolation

coefficients.

12. The system according to claim 11, wherein the at least one processor is configured
to execute the set of instructions to cause the system to further perforn:

determining whether each of the plurality of intermediate interpolation coefficients
satisfies a condition; and

in response o a first intermediate interpolation coefficient satisfying the condition,
rounding the first intermediate interpolation coefficient to an integer that is nearest to the furst

intermediate interpolation coefficicnt.

13. The system according to claim 12, wherein the condition comprises:
a difference between an intermediate interpolation coefficient and an integer that is

nearest to the intermediate interpolation coeffi

ient is less than a given threshold.

14. The system according to claim 12, wherein the at least one processor is configured
to execute the set of instructions to cause the system to further perform:

in response to a determination that one or more of the plurality of intermediate
interpolation coefficients do not satisfy the condition, rounding the one or more intermediate
interpolation coefficients to one or more integers respectively, wherein the sum of the

rounding errors of the plurality of intermediate interpolation coefficients has a mintmal value,

15. The system according to claim 10, wherein in applying the plurality of integer
interpolation coefficients on the picture further, the at least one processor is configured to

cxecute the set of instructions to cause the system to further perform:



WO 2021/061322 PCT/US2020/047766

smoothing the phurality of integer interpolation coefficients based on a smoothing

window function.

16. The system according to claim 15, wherein the smoothing window function is at
least one of:

a cosine function in association with the positions of the plurality of integer samples,
the fractional reference positions of the plurality of fractional samples, and a smoothing
parameter; or

a sine function in association with the positions of the plurality of integer samples, the
fractional reference positions of the plurality of fractional samples, and a smoothing

pararneter.

17. The systern according to claim 13, wherein an output of the smoothing window

function is a constant value.

18. The system according to claim 17, wherein the constant value is equal to 1.

19. A non-transitory computer readable medivm storing instructions that arc
executable by at least one processor of a computer systermn, wherein the execution of the
instructions causes the computer systern to perform a method comprising:

determining a plurality of intermediate interpolation coefficients of an interpolation
filter, wherein the plurality of intermediate interpolation coetficients are determined:

based on positions of a plurality of integer samples respectively, and
hased on fractional reference positions of a plurality of fractional samples

respectively;
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determining a plurality of integer interpolation coefficients of the mmterpolation filter
by rounding the plurality of intermediate interpolation cocfficients to a plurality of integers
respectively; and

applying the plurality of integer interpolation coefficients on a picture to perform

motion compensation prediction.

20. The non-transitory compuier readable medium according to claim 19, wherein in
determining the plurality of integer interpolation coefficients of the interpolation filter by
rounding the plurality of intermediate interpolation coefficients to the phurality of integers
respectively, the execution of the instructions causes the computer systent to further perform:

ninimizing a sum of rounding errors of the plurality of intermediate interpolation

coefficients.
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Table 6
Fractional Interpolation filter coetficients for each reference sample position
positions | p[-3] | p[-2] | p[-1] | p[0] | p{1] | pl2] | p[3] | pf4]
1/4 -1 4 -10 58 17 -5 1 0
1/2 -1 4 -11 40 40 -11 4 -1
3/5 0 1 -5 17 S8 -10 4 -1

FIG. 6 Luma interpolation filter in HEVC
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Table 7
Fractional Interpolation filter coetficients for each reference sample position
positions pi-1] pfo] pii] pl2]
1/8 -2 S8 10 -2
1/4 -4 54 16 -2
3/ -5 46 28 -4
1/2 -4 36 36 -4
5/8 -4 28 46 -6
3/4 -2 16 54 -4
7/8 -2 10 58 -2

FIG. 7. Chroma mterpolation filter in HEVC
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Table 8
Fractional Interpolation filter coetticients for each reference sample position
positions | p[-3] | pl-21 | pl-1] | plol | ofi] | pf21 | p3]1 i pl4]
1/16 0 i -3 63 4 -2 1 0
1/8 -1 2 -5 62 & -3 1 0
3/16 -1 3 -8 60 13 -4 1 0
1/4 -1 4 -10 58 17 -5 i 0
5/16 -1 4 -11 52 26 -8 3 -1
3/8 -1 3 -9 47 31 -10 4 -1
7/16 -1 4 -11 45 34 -10 4 -1
1/2 -1 4 -11 40 40 -1 4 -1
9/16 -1 4 -10 34 45 -11 4 -1
5/8 -1 4 -10 31 47 -9 3 -1
11/16 -1 3 -8 26 52 -11 4 -1
3/4 0 1 -5 17 S8 -10 4 -1
13/16 0 1 -4 13 60 -8 3 -1
7/8 0 i -3 8 62 -5 2 -1
15/16 0 1 -2 4 63 -3 1 0

FIG. 8 Luma mnterpolation filter in VVC
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Table 9
Fractional Interpolation filter coetticients for each reference sample position
positions pi-1] pfo] pii] pl2]

1/32 -1 63 2 0
1/16 -2 62 4 0
3/32 -2 60 7 -1
1/8 -2 58 10 -2
5/32 -3 57 12 -2
3/16 -4 S6 id -2
7/32 -4 55 15 -2
1/4 -4 54 16 -2
9/32 -5 53 18 -2
5/16 -6 52 20 -2
11/32 -6 49 2 -3
3/8 -6 46 28 -4
13/32 -5 44 29 -4
7/16 -4 2 30 -4
15/32 -4 39 33 -4
1/2 -4 36 36 -4
17/32 -4 33 39 -4
9/16 -4 30 42 -4
19/32 -4 29 44 -5
5/8 -4 28 46 -6
21/32 -3 24 49 -6
11/16 -2 20 52 -6
23/32 -2 18 53 -5
3/ -2 16 54 -4
25/32 -2 15 55 -4
13/16 -2 14 56 -4
277732 -2 2 57 -3
7/8 -2 10 58 -2
29/32 -1 7 60 -2
15/16 O 4 62 -2
31/32 O 2 63 -1

FIG. 9 Chroma interpolation filter in VVC
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Table 10
Fractional Interpolation filter coetficients for each reference sample position
positions | p[-3] | p[-2] | p[-1] | p[0] | p{1] | pl2] | p[3] | pf4]

1/16 0 i -3 63 4 -2 1 0
1/8 0 i -5 62 & -3 1 0
3/16 0 2 -8 60 13 -4 1 0
1/4 0 3 -10 58 17 -5 i 0
5/16 0 3 -11 52 26 -8 2 0
3/8 0 2 -9 47 31 -10 3 0
7/16 0 3 -11 45 34 -10 3 0
1/2 0 3 -11 40 40 -1 3 0
9/16 0 3 -10 34 45 -11 3 0
5/8 0 3 -10 31 47 -9 2 0
11/16 0 2 -8 26 52 -11 3 0
3/4 0 1 -5 17 S8 -10 3 0
13/16 0 1 -4 13 60 -8 2 0
7/8 0 i -3 8 62 -5 1 0
15/16 0 1 -2 4 63 -3 1 0

FIG. 10: Luma mterpolation filter for 4x4 motion compensation in VVC
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Table 11

Fractional positiona | /16 | 1/8 | 3/16 | 1/4 | S/16 | 3/8 | 7/16 | 1/2
smoothing parameter m{ 8.0 95 8.3 8.2 3.0 32 3.2 3.2

FIG 11 The values of smoothing parameter
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Table 12
Fractional Interpolation filter coetficients for each reference sample position
positions | p{-3] | p[-2} | p{-1] | p[0] | p[1] | pi2] | p{3] | pf4]
1/16 0 503 § -2.802 | 633 386 | -1.141 | 0183 0
1/8 0 1046 | -5252 | 61.82 | 8325 | -2.604 | 0.529 0
3/16 0 1.292 | -6935 | 59352 | 1294 | -3727 { 0.659 0
1/4 0 1.521 | -8.209 | 56.53 794 | -4989 | 0.88 0
5/16 0 1.627 | -B.959 | 5287 | 23.14 | -6.141 | 1.063 0
3/8 0 1739 | -9387 | 4871 | 2852 | -7.328 | 1.324 0
7/16 0 1.726 | -9347 | 4407 | 3386 | -8.26 | 1.506 0
1/2 0 1.644 | -8953 | 3908 | 39008 | -8953 | 1.644 0
9/16 0 1.506 | -8.26 | 3386 | 44.07 | -9.347 726 0
5/8 0 1324 | -7.328 | 2852 | 4871 | -9387 | 1.739 0
i1/16 0 1.063 | -6.141 | 23.14 | 3287 | -8.9539 | 1.627 0
3/4 0 088 | -4989 | 1794 | 5653 | -83209 | 1.521 0
13/16 0 0.659 | -3.727 | 1294 | 59.52 | -6.935 292 0
7/8 0 0529 | -2.604 | 8325 | 61.82 | -5252 1 1.04¢6 0
15/16 0 0.183 | -1.141 3.86 633 -2.802 | 0.503 0

FIG. 12: Exemplary 6-tap real-number luma interpolation filter
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Table 13

Fractional Interpolation filter coethicients for each reference sample position
positions | p[-3] | pl-2} | p[-1] | p[O} | pfi] | pi2] | p3]1 | pf4]
1/16 0 i -3 63 4 -1 G 0
1/8 0 1 -5 62 & -3 1 0
3/16 0 1 -7 60 13 -4 1 0
1/4 0 2 -G 57 18 -5 1 0
5/16 0 2 -9 53 24 -7 1 0
3/8 0 2 -10 49 29 -8 2 0
7/16 0 2 -10 44 34 -9 3 0
1/2 0 2 -10 40 40 -10 2 0
9/16 0 3 -9 34 44 -10 2 0
5/8 0 2 -8 29 49 -10 2 0
11/16 0 1 =7 24 53 -9 2 0
3/4 0 1 -5 18 S7 -9 2 0
13/16 0 1 -4 13 60 -7 1 0
7/8 0 i -3 8 62 -5 1 0
15/16 0 0 -1 4 63 -3 1 0

FIG. 13: Exemplary 6-tap integer-number luma mnterpolation filter
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Table 14
Fractional Interpolation filter coetficients for each reference sample position
positions | p[-3] | pl-2} | p[-1] | p[O} | pfi] | pi2] | p3]1 | pf4]
1/16 0 i -3 63 4 -1 G 0
1/8 0 1 -5 62 & -3 1 0
3/16 0 1 -7 60 13 -4 1 0
1/4 0 1 -8 57 18 -5 1 0
5/16 0 2 -9 53 23 -6 1 0
3/8 0 2 -9 49 28 -7 1 0
7/16 0 2 -10 44 34 -8 2 0
1/2 0 2 -G 39 39 -9 2 0
9/16 0 2 -8 34 44 -10 2 0
5/8 0 i -7 28 49 -9 2 0
11/16 0 1 -6 23 53 -9 2 0
3/4 0 1 -5 18 S7 -8 i 0
13/16 0 1 -4 13 60 -7 1 0
7/8 0 i -3 8 62 -5 1 0
15/16 0 0 -1 4 63 -3 1 0

FIG 14: Exemplary 6-tap integer-number luma mnterpolation filter
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Table 15

Fractional position @ | 1/16 1/8 3/16 /4 | S/16 | 3/8 | 7/16 1/2
smoothing parameter m| 8.0 9.5 83 82 8.0 82 8.2 82

FIG. 15: Exemplary values of smoothing parameter
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Table 16
Fractional Interpolation filter coetficients for each reference sample position
positions | p{-3] | p[-2} | p{-1] | p[0] | p[1] | pi2] | p{3] | pf4]
1/16 0 0.67 | -2999 | 6332 | 4067 | -1.463 | 4378 0
1/8 0 1287 | -554 | 6186 | 8.596 | -3.047 | 0.809 0
3/16 0 1.749 | -7.506 | 5964 | 1341 | 4536 1171 0
1/4 0 2123 | -8986 | 5672 | 1852 | -6.013 | 1.539 0
5/16 0 2377 | 9956 | 5318 | 2379 | -7.366 | 1.864 0
3/8 0 2.544 | -10.48 | 4909 | 2015 | -8587 | 2.167 0
7/16 0 2591 | -10.56 | 4434 | 3446 | -9.534 | 2391 0
1/2 0 2.537 | -1023 | 3963 | 3963 | -10.23 | 2.537 0
9/16 0 2391 | <9554 | 3446 | 4454 | -10.56 | 2.591 0
5/8 0 2167 | -B.587 | 2015 | 49.09 | -1048 | 2.544 0
i1/16 0 1.864 | -7366 | 2379 | 3318 | -9.936 | 2.377 0
3/4 0 1.539 | -6.013 | 1832 | 5672 | -8986G | 2.123 0
13/16 0 1171 | -4.536 | 1341 | 5964 | -7.506 | 1.749 0
7/8 0 0809 | -3.047 | 8596 | 6186 | -554 1.287 0
15/16 0 0378 | -1.463 | 4067 | 6332 | -2.999 | (.67 0

FIG. 16: Exemplary 6-tap real-number luma interpolation filter
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Table 17
Fractional Interpolation filter coetficients for each reference sample position
positions | p{-3] | p[-2} | pl-1] | p[O} | p{1] | p{2] | p[3] | pl4]
1/16 0 1 -3 63 4 -1 0 0
1/8 0 1 -6 62 9 -3 1 0
3/16 0 2 -8 60 13 -4 1 0
1/4 0 2 -9 57 19 -6 i 0
5/16 0 2 -10 53 24 -7 2 0
3/8 0 2 -10 49 29 -8 2 0
7/16 0 3 -11 45 34 -9 2 0
12 0 2 -10 40 40 -10 2 0
9/16 0 2 -9 34 45 -11 3 0
5/8 0 2 -8 29 49 -10 2 0
11/16 0 2 -7 24 53 -10 2 0
3/4 0 1 -6 19 S7 -9 2 0
13/16 0 1 -4 13 60 -8 2 0
7/8 0 i -3 o 62 -6 1 0
15/16 0 0 -1 4 63 -3 1 0

FIG 17 Exemplary 6-tap integer-number luma mnterpolation filter
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Table 18
Fractional Interpolation filter coetficients for each reference sample position
positions | p{-3] | p[-2] | p[-1] | p[O] | p{1] | p{2] | p[3] | pl4]
1/16 0 0729 | -3.065 | 63323 | 4136 | -1.575 | 0.451 0
1/8 0 1370 1 -5637 | 61.869 | 8686 | -3.199 | § 909 0
3/16 0 1.909 | -7.699 | 59674 | 13373 | -4816 | 1.355 0
1/4 0 2336 | -9250 | 56788 | 18712 | -6.367 | 1,780 0
5/16 0 2644 [-102961| 53275 | 24007 | -7.789 | 2,157 0
3/8 0 2832 |-10.859| 49214 | 29359 | -9.020 | 2.473 0
7/16 0 2901 1-10.969| 44693 | 34661 | 0998 | 2711 0
1/2 0 2.858 |-10.666| 39808 | 30808 |-10.666] 2.858 0
9/16 0 271 | 0998 | 34661 | 44693 1-10.969] 2901 0
5/8 0 2473 | -9.020 | 29359 | 49214 |-10.859 2.832 0
11/16 0 2157 V277789 1 24007 | 53275 1-10.296] 2.644 0
3/4 0 1786 | -6.367 | 18712 | 36,788 | -9.250 | 2.336 0
13/16 0 1358 | 4816 | 13.573 | 39674 | -7.699 | 1909 0
7/8 0 0909 | -3.199 | 8686 | 61.869 | -5.637 | 1.370 0
15/16 0 0451 | -1.575 | 4136 | 63323 | -3.065 | 0.729 0

FIG 18: Exemplary ¢-tap real-number luma mterpolation filter without smoothing
window function
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Table 19
Fractional Interpolation filter coetficients for each reference sample position
positions | p[-3] | p[-2] | p[-1] | p[0] | p{1] | pl2] | p[3] | pf4]
1/16 0 i -3 63 4 -2 1 0
1/8 0 1 -6 62 9 -3 1 0
3/16 0 2 -8 60 14 -5 1 0
1/4 0 2 -9 57 18 -6 2 0
5/16 0 3 -10 53 24 -8 2 0
3/8 0 3 -11 49 29 -9 3 0
7/16 0 3 -11 45 34 -10 3 0
1/2 0 3 -11 40 40 -1 3 0
9/16 0 3 -10 34 45 -11 3 0
5/8 0 3 -9 29 49 -11 2 0
11/16 0 2 -8 24 53 -10 2 0
3/4 0 2 -6 18 S7 -9 2 0
13/16 0 1 -5 14 60 -8 2 0
7/8 0 i -3 o 62 -6 1 0
15/16 0 1 -2 4 63 -3 1 0

FIG. 19 Exemplary 6-tap integer-number luma interpolation filter without smoothing
window function
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Generate intermediate interpolation
coefficients of an interpolation filter based
on a position of an mteger sample and a
fractional reference position of a fractional
sample
2002

Generate integer interpolation coefficients
of the mterpolation filter by rounding each
of the intermediate interpolation
coefficients to an integer
2004

Apply the integer interpolation coefficients
on an image to perform motion
compensation prediction
2006

FiG. 20
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