I*I Innovation, Sciences et Innovation, Science and CA 3142170 C 2023/07/04

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 1 42 1 70
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépét/Filing Date: 2018/01/05 (51) Cl.Int./Int.Cl. HO4N 19/117(2014.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2018/12/06 HO4N 19/17(2014.01), HO4N 19/159(2014.01),

HO4N 19/176 (2014.01), HO4N 19/59 (2014.01)
(45) Date de délivrance/lssue Date: 2023/07/04 .
(72) Inventeurs/Inventors:

(62) Demande originale/Original Application: 3 060 033 YOO, SUNMI, KR;

(30) Priorité/Priority: 2017/05/31 (US62/512,737) LEE, JAEHO, KR;

CHOI, JANGWON, KR;
SEO, JUNGDONG, KR;
HEO, JIN, KR

(73) Propriétaire/Owner:
LG ELECTRONICS INC., KR

(74) Agent: SMART & BIGGAR LP

(54) Titre : METHODE ET DISPOSITIF POUR EXECUTER UN DECODAGE D'IMAGE EN FONCTION DE LA
PREDICTION INTRA DANS LE SYSTEME DE CODAGE D'IMAGE

(54) Title: METHOD AND DEVICE FOR PERFORMING IMAGE DECODING ON BASIS OF INTRA PREDICTION IN
IMAGE CODING SYSTEM

DERIVE INTRA-PREDICTION MODE 51400
OF CURRENT BLOCK u

1
DERIVE NEIGHBORING SAMPLES INCLUDING
LEFT NEIGHBORING SAMPLES AND
UPPER NEIGHBORING SAMPLES OF CURRENT BLOCK

1
DERIVE REFERENCE SAMPLES FOR PREDICTION OF ‘
TARGET SAMPLE AMONG NEIGHBORING SAMPLES | —S1420
BASED ON POSITION OF TARGET SAMPLE OF
CURRENT BLOCK AND PREDICTION ANGLE OF
INTRA-PREDICTION MODE

)

DETERMIME INTERPOLATION FILTER R
FOR TARGET SAMPLE 51430

1
DERIVE PREDICTION SAMPLE OF 1
TARGET SAMPLE BASED ON INTERPOLATION FLTER [~51440
AND REFERENCE SAMPLES

51410

END )

(57) Abrégé/Abstract:

A method by which a decoding device performs image decoding, according to the present invention, comprises the steps of:
deriving an intra prediction mode of a current block; deriving neighboring samples including left neighboring samples and upper
neighboring samples of the current block; deriving reference samples for prediction of a target sample among the neighboring
samples on the basis of the position of the target sample of the current block and the prediction angle of the intra prediction mode;
determining an interpolation filter for the target sample; and deriving the prediction sample of the target sample on the basis of the
interpolation filter and the reference samples.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



ABSTRACT OF THE DISCLOSURE

A method by which a decoding device performs image decoding, according to the

present invention, comprises the steps of: deriving an intra prediction mode of a current block;
deriving neighboring samples including left neighboring samples and upper neighboring

5 samples of the current block; deriving reference samples for prediction of a target sample
among the neighboring samples on the basis of the position of the target sample of the current
block and the prediction angle of the intra prediction mode; determining an interpolation
filter for the target sample; and deriving the prediction sample of the target sample on the

basis of the interpolation filter and the reference samples.
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METHOD AND DEVICE FOR PERFORMING IMAGE DECODING ON BASIS OF
INTRA PREDICTION IN IMAGE CODING SYSTEM
This is a divisional application of Canadian National Phase Application No. 3,060,033,
filed on 5% January, 2018.
BACKGROUND OF THE DISCLOSURE

Field of the disclosure

[1] The present disclosure relates to a video coding technique, and more particularly, to a

video decoding method and device based on intra-prediction in an image coding system.

Related Art

2] Demand for high-resolution, high-quality images such as HD (High Definition) images
and UHD (Ultra High Definition) images has been increasing in various fields. As the image
data has high resolution and high quality, the amount of information or bits to be transmitted
increases relative to the legacy image data. Therefore, when image data is transmitted using a
medium such as a conventional wired/wireless broadband line or image data is stored using an
existing storage medium, the transmission cost and the storage cost thereof are increased.

[3] Accordingly, there is a need for a highly efficient image compression technique for
effectively transmitting, storing, and reproducing information of high resolution and high quality

images.

SUMMARY
[4] The present disclosure provides a method and a device for increasing image coding
efficiency.
[5] The present disclosure also provides an intra-prediction method and device for selecting
an interpolation filter for a target sample in a current block.

1

Date regue / Date received 2021-12-14



10

15

20

25

89235614

[6] The present disclosure also provides a method and device for performing intra-
prediction based on an interpolation filter for a selected target sample.

[7] According to an aspect, there is provided a video decoding method performed by a
decoding device, the method comprising: obtaining prediction information and residual
information for a current block from a bitstream; deriving an intra-prediction mode of the
current block based on the prediction information; deriving neighboring samples including left
neighboring samples and upper neighboring samples of the current block; deriving reference
samples for prediction of a target sample of the current block among the neighboring samples
based on a position of the target sample and a prediction angle of the intra-prediction mode;
determining an interpolation filter for the target sample based on the intra-prediction mode and
a size of the current block; deriving a prediction sample of the target sample based on the
interpolation filter and the reference samples; deriving a residual sample of the target sample
based on the residual information; and generating a reconstructed picture based on the
prediction sample and the residual sample, wherein determining the interpolation filter for the
target sample based on the intra-prediction mode and the size of the current block comprises:
determining whether the size of the current block is smaller than a first specific value; and when
the size of the current block is smaller than the first specific value, determining whether the
prediction angle of the intra-prediction mode is smaller than a second specific value, wherein
when the size of the current block is not smaller than the first specific value, the interpolation
filter for the target sample is derived as a Gaussian filter, wherein when the size of the current
block is smaller than the first specific value and the prediction angle of the intra-prediction
mode is smaller than the second specific value, the interpolation filter for the target sample is
derived as a cubic filter, and wherein when the size of the current block is smaller than the first
specific value and the prediction angle of the intra-prediction mode is greater than the second

specific value, the interpolation filter for the target sample is derived as the Gaussian filter.
2
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[7a]  According to another aspect, there is provided a video encoding method performed by
an encoding device, the method comprising: determining an intra-prediction mode of a current
block; deriving neighboring samples including left neighboring samples and upper neighboring
samples of the current block; deriving reference samples for prediction of a target sample of the
current block among the neighboring samples based on a position of the target sample and a
prediction angle of the intra-prediction mode; determining an interpolation filter for the target
sample based on the intra-prediction mode and a size of the current block; deriving a prediction
sample of the target sample based on the interpolation filter and the reference samples; deriving
a residual sample of the target sample based on the prediction sample; and encoding video
information comprising prediction information and residual information for the current block,
wherein determining the interpolation filter for the target sample based on the intra-prediction
mode and the size of the current block comprises: determining whether the size of the current
block is smaller than a first specific value; and when the size of the current block is smaller than
the first specific value, determining whether the prediction angle of the intra-prediction mode
is smaller than a second specific value, wherein when the size of the current block is not smaller
than the first specific value, the interpolation filter for the target sample is derived as a Gaussian
filter, wherein when the size of the current block is smaller than the first specific value and the
prediction angle of the intra-prediction mode is smaller than the second specific value, the
interpolation filter for the target sample is derived as a cubic filter, and wherein when the size
of the current block is smaller than the first specific value and the prediction angle of the intra-
prediction mode is greater than the second specific value, the interpolation filter for the target
sample is derived as the Gaussian filter.

[7b]  According to another aspect, there is provided a non-transitory computer-readable
storage medium storing a bitstream generated by a method, the method comprising: determining

an intra-prediction mode of a current block; deriving neighboring samples including left
2a
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neighboring samples and upper neighboring samples of the current block; deriving reference
samples for prediction of a target sample of the current block among the neighboring samples
based on a position of the target sample and a prediction angle of the intra-prediction mode;
determining an interpolation filter for the target sample based on the intra-prediction mode and
a size of the current block; deriving a prediction sample of the target sample based on the
interpolation filter and the reference samples; deriving a residual sample of the target sample
based on the prediction sample; encoding video information comprising prediction information
and residual information for the current block; and generating the bitstream including the video
information, wherein determining the interpolation filter for the target sample based on the
intra-prediction mode and the size of the current block comprises: determining whether the size
of the current block is smaller than a first specific value; and when the size of the current block
is smaller than the first specific value, determining whether the prediction angle of the intra-
prediction mode is smaller than a second specific value, wherein when the size of the current
block is not smaller than the first specific value, the interpolation filter for the target sample is
derived as a Gaussian filter, wherein when the size of the current block is smaller than the first
specific value and the prediction angle of the intra-prediction mode is smaller than the second
specific value, the interpolation filter for the target sample is derived as a cubic filter, and
wherein when the size of the current block is smaller than the first specific value and the
prediction angle of the intra-prediction mode is greater than the second specific value, the
interpolation filter for the target sample is derived as the Gaussian filter.

[8] In another aspect, a video decoding method performed by a decoding device is provided.
The method includes deriving an intra-prediction mode of a current block; deriving neighboring
samples including left neighboring samples and upper neighboring samples of the current block;
deriving reference samples for prediction of a target sample of the current block among the

neighboring samples based on a position of the target sample and a prediction angle of the intra-
2b
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prediction mode; determining an interpolation filter for the target sample; and deriving a
prediction sample of the target sample based on the interpolation filter and the reference samples.
[8a] In another aspect, a decoding device for performing image decoding is provided. The
decoding device includes: an entropy-decoder obtaining prediction information for a current
block; and a predictor deriving an intra-prediction mode of the current block; deriving
neighboring samples including left neighboring samples and upper neighboring samples of the
current block, deriving reference samples for prediction of a target sample among the
neighboring samples based on a position of the target sample of the current block and a
prediction angle of the intra-prediction mode, determining an interpolation filter for the target
sample, and deriving a prediction sample of the target sample based on the interpolation filter
and the reference samples.

[9] In another aspect, a video encoding method performed by an encoding device is
provided. The method includes: determining an intra-prediction mode for a current block;
deriving neighboring samples including left neighboring samples and upper neighboring
samples of the current block; deriving reference samples for prediction of a target sample of the
current block among the neighboring samples based on a position of the target sample and a

prediction angle of the intra-prediction mode; determining an interpolation filter for the

2c
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target sample; deriving a prediction sample of the target sample based on the interpolation
filter and the reference samples; and generating prediction information for the current block,
encoding the generated prediction information, and outputting the encoded prediction
information.

[10]  In another aspect, a video encoding device is provided. The encoding device
includes: a predictor determining an intra-prediction mode for a current block, deriving
neighboring samples including left neighboring samples and upper neighboring samples of
the current block, deriving reference samples for prediction of a target sample among the
neighboring samples based on a position of the target sample of the current block and a
prediction angle of the intra-prediction mode, determining an interpolation filter for the target
sample, and deriving a prediction sample of the target sample based on the interpolation filter
and the reference samples; and an entropy-encoder generating prediction information for the
current block, encoding the generated prediction information, and outputting the encoded
prediction information.

[11]  According to the present disclosure, prediction may be performed on a target sample
based on an interpolation filter selected according to size information of a current block,
information of a distance to a reference sample, and/or prediction mode information, whereby
a reference sample at a fractional sample position for the target sample may be accurately
generated to improve prediction accuracy for the current block and residual for the current
block may be reduced to enhance coding efficiency.

[12]  According to the present disclosure, since an interpolation filter for the target sample
may be selected based on the wvarious conditions described above, the bit amount of
information regarding selection of the interpolation filter, thereby improving prediction

accuracy of the current block and improving coding efficiency of the current block.
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BRIEF DESCRIPTION OF THE DRAWINGS
[13]  FIG. 1 is a schematic diagram illustrating a configuration of a video encoding device
to which the present disclosure is applicable.
[14]  FIG. 2 illustrates another example of a video encoding device to which the present
disclosure is applicable.
[15] FIG. 3 illustrates an example of a process of performing intra-prediction in an
encoding device,
[16]  FIG. 4 is a schematic diagram illustrating a configuration of a video decoding device
to which the present disclosure is applicable.
[17]  FIG. 5 illustrates another example of a video decoding device to which the present
disclosure is applicable.
[18]  FIG. 6 illustrates an example of a process of performing intra-prediction in a
decoding device.
[19]  FIG. 7 illustrates an example of left neighboring samples and upper neighboring
samples used for intra-prediction of the current block.
[20]  FIG. 8 illustrates an example of intra-directional modes of 65 prediction directions.
[21]  FIG. 9 illustrates an example in which prediction samples of a target sample are
derived based on integer samples adjacent to the left and right of a reference sample when a
position of the reference sample located in a prediction direction of the directional intra-
prediction mode is a position of a fractional sample.
[22]  FIG. 10 illustrates an example of selecting an interpolation filter based on a size of
the current block and an intra-prediction mode.
[23]  FIG. 11 illustrates an example of selecting an interpolation filter based on a distance
between a target sample of the current block and a reference sample,
[24]  FIG. 12 illustrates an example of deriving a reference sample of a target sample of

4
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the current block based on the plurality of interpolation filters and deriving a prediction
sample of the target sample based on the reference sample.

[25]  FIG. 13 schematically illustrates a video encoding method by an encoding device
according to the present disclosure.

[26] FIG. 14 schematically illustrates a video decoding method by a decoding device

according to the present disclosure.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[27]  The present disclosure may be modified in various forms, and specific embodiments
thereof will be described and illustrated in the drawings. However, the embodiments are not
intended for limiting the disclosure. The terms used in the following description are used to
merely describe specific embodiments, but are not intended to limit the disclosure. An
expression of a singular number includes an expression of the plural number, so long as it is
clearly read differently. The terms such as “include” and “have” are intended to indicate
that features, numbers, steps, operations, elements, components, or combinations thereof used
in the following description exist and it should be thus understood that the possibility of
existence or addition of one or more different features, numbers, steps, operations, elements,
components, or combinations thereof is not excluded.

[28] Meanwhile, elements in the drawings described in the disclosure are independently
drawn for the purpose of convenience for explanation of different specific functions, and do
not mean that the elements are embodied by independent hardware or independent software.
For example, two or more elements of the elements may be combined to form a single
element, or one element may be divided into plural elements. The embodiments in which
the elements are combined and/or divided belong to the disclosure without departing from the

concept of the disclosure.
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[29] Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the accompanying drawings. In addition, like reference numerals are used to
indicate like elements throughout the drawings, and the same descriptions on the like
elements will be omitted.

[30]  In the present specification, generally a picture means a unit representing an image at
a specific time, a slice is a unit constituting a part of the picture. One picture may be
composed of plural slices, and the terms of a picture and a slice may be mixed with each
other as occasion demands.

[31] A pixel or a pel may mean a minimum ;miﬂt constituting mﬁe picture (or imagé),
Further, a "sample" may be used as a term corresponding to a pixel. The sample may
generally represent a pixel or a value of a pixel, may represent only a pixel (a pixel value) of
a luma component, and may represent only a pixel (a pixel value) of a chroma component.
[32] A unit indicates a basic unit of image processing. The unit may include at least one
of a specific area and information related to the area. Optionally, the unit may be mixed
with terms such as a block, an area, or the like. In a typical case, an MxN block may
represent a set of samples or transform coefficients arranged in M columns and N rows.

[33]  FIG. 1 briefly illustrates a structure of a video encoding device to which the present
disclosure is applicable.

[34] Referring to FIG. 1, a video encoding device 100 may include a picture partitioner
1035, a predictor 110, a residual processor 120, an adder 150, a filter 255, and a memory 160,
The residual processor 120 may include a subtractor 121, a transformer 122, a quantizer 123,
are-arranger 124, a inverse-quantizer 125, an inverse transformer 126,

[35]  The picture partitioner 105 may split an input picture into at least one processing unit.
[36]  Inan example, the processing unit may be referred to as a coding unit (CU). In this
case, the coding unit may be recursively split from the largest coding unit (LCU) according to

&
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a quad-tree binary-tree (QTBT) structure. For example, one coding unit may be split into a
plurality of coding units of a deeper depth based on a quadtree structure and/or a binary tree
structure, In this case, for example, the quad tree structure may be first applied and the
binary tree structure may be applied later. Alternatively, the binary tree structure may be
applied first. The coding procedure according to the present disclosure may be performed
based on a final coding unit which is not split any further. 1In this case, the largest coding
unit may be used as the final coding unit based on coding efficiency, or the like, depending on
image characteristics, or the coding unit may be recursively split into coding units of a lower
depth as necessary and a coding unit having an mﬁtimal size may be used as the final coding
unit.  Here, the coding procedure may include a procedure such as prediction,
transformation, and reconstruction, which will be described later.

[37] In another example, the processing unit may include a coding unit (CU) prediction
unit (PU), or a transform unit (TU). The coding unit may be split from the largest coding
unit (LCU) into coding units of a deeper depth according to the quad tree structure. In this
case, the largest coding unit may be directly used as the final coding unit based on the coding
efficiency, or the like, depending on the image characteristics, or the coding unit may be
recursively split into coding units of a deeper depth as necessary and a coding unit having an
optimal size may be used as a final coding unit. 'When the smallest coding unit (SCU) is set,
the coding unit may not be split into coding units smaller than the smallest coding unit.
Here, the final coding unit refers to a coding unit which is partitioned or split to a prediction
unit or a transform unit. The prediction unit is a unit which is partitioned from a coding unit,
and may be a unit of sample prediction. Here, the prediction unit may be divided into sub-
blocks, The transform unit may be divided from the coding unit according to the quad-tree
structure and may be a unit for deriving a transform coefficient and/or a unit for deriving a
residual signal from the transform coefficient. Hereinafter, the coding unit may be referred

7
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to as a coding block (CB), the prediction unit may be referred to as a prediction block (PB),
and the transform unit may be referred to as a transform block (TB). The prediction block
or prediction unit may refer to a specific area in the form of a block in a picture and include
an array of prediction samples. Also, the transform block or transform unit may refer to a
specific area in the form of a block in a picture and include the transform coefficient or an
array of residual samples.

[38]  The predictor 110 may perform prediction on a processing target block (hereinafter, a
current block), and may generate a predicted block including prediction samples for the
current block. A unit of prediction performed in the predictor 110 may be a coding block, or
may be a transform block, or may be a prediction block.

[39] The predictor 110 may determine whether intra-prediction is applied or inter-
prediction is applied to the current block. For example, the predictor 110 may determine
whether the intra-prediction or the inter-prediction is applied in unit of CU,

[40]  In case of the intra-prediction, the predictor 110 may derive a prediction sample for
the current block based on a reference sample outside the current block in a picture to which
the current block belongs (hereinafter, a current picture). In this case, the predictor 110 may
derive the prediction sample based on an average or interpolation of neighboring reference
samples of the current block (case (i)), or may derive the prediction sample based on a
reference sample existing in a specific (prediction) direction as to a prediction sample among
the neighboring reference samples of the current block (case (ii)). The case (i) may be
called a non-directional mode or a non-angular mode, and the case (ii) may be called a
directional mode or an angular mode. In the intra-prediction, prediction modes may include
as an example 33 directional modes and at least two non-directional modes. The non-
directional modes may include DC mode and planar mode. The predictor 110 may
determine the prediction mode to be applied to the current block by using the prediction

8

Date regue / Date received 2021-12-14




10

15

20

25

mode applied to the neighboring block.

[41]  In case of the inter-prediction, the predictor 110 may derive the prediction sample for
the current block based on a sample specified by a motion vector on a reference picture.
The predictor 110 may derive the prediction sample for the current block by applying any one
of a skip mode, a merge mode, and a motion vector prediction (MVP) mode. In case of the
skip mode and the merge mode, the predictor 110 may use motion information of the
neighboring block as motion information of the current block. In case of the skip mode,
unlike in the merge mode, a difference (residual) between the prediction sample and an
original sample is not transmitted. In case of the MVP mode, a motion vector of the
neighboring block is used as a motion vector predictor and thus is used as a motion vector
predictor of the current block to derive a motion vector of the current block.

[42] In case of the inter-prediction, the neighboring block may include a spatial
neighboring block existing in the current picture and a temporal neighboring block existing in
the reference picture. The reference picture including the temporal neighboring block may
also be called a collocated picture (colPic). Motion information may include the motion
vector and a reference picture index. Information such as prediction mode information and
motion information may be (entropy) encoded, and then output as a form of a bitstream.

[43] When motion information of a temporal neighboring block is used in the skip mode
and the merge mode, a highest picture in a reference picture list may be used as a reference
picture. Reference pictures included in the reference picture list may be aligned based on a
picture order count (POC) difference between a current picture and a corresponding reference
picture. A POC corresponds to a display order and may be discriminated from a coding
order.

[44]  The subtractor 121 generates a residual sample which is a difference between an
original sample and a prediction sample. If the skip mode is applied, the residual sample

9
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may not be generated as described above.

[45]  The transformer 122 transforms residual samples in units of a transform block to
generate a transform coefficient. The transformer 122 may perform transformation based on
the size of a corresponding transform block and a prediction mode applied to a coding block
or prediction block spatially overlapping with the transform block. For example, residual
samples may be transformed using discrete sine transform (DST) transform kernel if intra-
prediction is applied to the coding block or the prediction block overlapping with the
transform block and the transform block is a 4x4 residual array and is transformed using
discrete cosine transform (DCT) transform kernel in other cases.

[46] The quantizer 123 may quantize the transform coefficients to generate quantized
transform coefficients.

[47]  The re-arranger 124 rearranges quantized transform coefficients. The re-arranger
124 may rearrange the quantized transform coefficients in the form of a block into a one-
dimensional vector through a coefficient scanning method. Although the re-arranger 124 is
described as a separate component, the re-arranger 124 may be a part of the quantizer 123.
[48]  The entropy encoder 130 may perform entropy-encoding on the quantized transform
coefficients. The entropy encoding may include an encoding method, for example, an
exponential Golomb, a context-adaptive variable length coding (CAVLC), a context-adaptive
binary arithmetic coding (CABAC), or the like. The entropy encoder 130 may perform
encoding together or separately on information (e.g., a syntax element value or the like)
required for video reconstruction in addition to the quantized transform coefficients, The
entropy-encoded information may be transmitted or stored in unit of a network abstraction
layer (NAL) in a bitstream form,

[49] The inverse-quantizer 125 inverse-quantizes wvalues (transform coefficients)
quantized by the quantizer 123 and the inverse transformer 126 inversely transforms values

10
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inverse-quantized by the inverse-quantizer 125 to generate a residual sample.

[50] The adder 140 adds a residual sample to a prediction sample to reconstruct a picture.
The residual sample may be added to the prediction sample in units of a block to generate a
reconstructed block. Although the adder 140 is described as a separate component, the
adder 140 may be a part of the predictor 110. Meanwhile, the adder 140 may be referred to
as a reconstructor or reconstructed block generator,

[81]  The filter 150 may apply deblocking filtering and/or a sample adaptive offset to the
reconstructed picture.  Artifacts at a block boundary in the reconstructed picture or
distortion in quantization may be corrected through deblocking filtering and/or sample
adaptive offset. Sample adaptive offset may be applied in units of a sample after deblocking
filtering is completed. The filter 150 may apply an adaptive loop filter (ALF) to the
reconstructed picture. The ALF may be applied to the reconstructed picture to which
deblocking filtering and/or sample adaptive offset has been applied.

[52] The memory 160 may store a reconstructed picture (decoded picture) or information
necessary for encoding/decoding. Here, the reconstructed picture may be the reconstructed
picture filtered by the filter 150. The stored reconstructed picture may be used as a
reference picture for (inter) prediction of other pictures. For example, the memory 160 may
store (reference) pictures used for inter-prediction. Here, pictures used for inter-prediction
may be designated according to a reference picture set or a reference picture list.

[33] FIG. 2 illustrates another example of a video encoding device to which the present
disclosure is applicable.

[54] Referring to FIG. 2, the video encoding device includes an intra-predictor, a
reference smoother 200, a predictor 210, a post-filter 220, a transformer 230, and a quantizer
240. Here, the intra-predictor may include a reference smoother 200, a predictor 210, and a
post-filter 220.

11
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[55] When intra-prediction is applied to a current block, the reference smoother 200 may
perform a smoothing process on left neighboring samples and upper neighboring samples
used for intra-prediction of the current block in a picture (hereinafter, referred to as a current
picture) to which the current block belongs, based on a size of the current block, intra-
prediction mode information, and a sample value. Accordingly, it is possible to prevent
visual artifacts regarding prediction samples of the current block, which may occur due to
differences between sample values of the left neighboring samples and the upper neighboring
samples.

[56] The predictor 210 may (i) derive a prediction sample based on an average or
interpolation of the left neighboring samples and the upper neighboring samples of the
current block, or (ii) may derive the prediction samples based on neighboring samples present
in a specific (prediction) direction regarding prediction samples among the left neighboring
samples and the upper neighboring samples. The case (i) may be referred to as a non-
directional mode or a non-angular mode and the case (ii) may be referred to as a directional
mode or an angular mode. In intra-prediction, the prediction mode may have 33 directional
prediction modes and at least two non-directional modes. The non-directional mode may
include a DC prediction mode and a planar mode (Planar mode). The predictor 210 may
also determine a prediction mode applied to the current block using a prediction mode
applied to a neighboring block.

[37]  The post-filter unit 220 selectively may perform post-processing filtering to mitigate
discontinuity between the current block and neighboring samples according to the prediction
mode in which the prediction sample of the current block is derived. Thereafter, the
encoding device may derive, as a residual sample, a difference between the prediction sample
and an original sample, and the transformer 230 may transform the residual sample in units of
blocks to generate transform coefficients Also, the quantizer 240 may quantize the transform

12
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coefficients to generate quantized transform coefficients.

[58] FIG. 3 illustrates an example of a process of performing intra-prediction in the
encoding device, The encoding device may perform intra-prediction to generate a
prediction sample of a current block (8300). The prediction sample may be referred to as a
prediction signal or an intra-prediction signal. Specifically, the encoding device may
smooth (i.e., perform a smoothing process on) left neighboring samples and upper
neighboring samples used for intra-prediction of the current block based on a size of the
current block, mode information, and a sample value (S310). T hereafter, as described above,
the ancoding device may perform pmd‘iétion accmdihg to the intra-prediction mode to
generate the prediction sample (8320) and perform post-processing filtering to mitigate
discontinuity between the current block and the neighboring samples (8330). The encoding
device may generate, as a residual sample, a difference between the prediction sample and the
original sample (S340) and transform the residual sample in units of blocks to generate
transform coefficients. Further, the encoding device may quantize the transform coefficients
to generate quantized transform coefficients (S360) and entropy-encode the quantized
transform coefficients to perform signaling (S370).

[59]  FIG. 4 briefly illustrates a structure of a video decoding device to which the present
disclosure is applicable.

[60] Referring to FIG. 4, a video decoding device 400 may include an entropy decoder
410, a residual processor 420, a predictor 430, an adder 440, a filter 450, and a memory 460.
The residual processor 420 may include a re-arranger 421, a inverse-quantizer 422, an inverse
transformer 423.

[61] 'When a bitstream including video information is input, the video decoding device
400 may reconstruct a video in association with a process by which video information is
processed in the video encoding device.
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[62] For example, the video decoding device 400 may perform video decoding using a
processing unit applied in the video encoding device. Thus, the processing unit block of
video decoding may be, for example, a coding unit and, in another example, a coding unit, a
prediction unit or a transform unit. The coding unit may be split from the largest coding
unit according to the quad tree structure and/or the binary tree structure.

[63] A prediction unit and a transform unit may be further used in some cases, and in this
case, the prediction block is a block derived or partitioned from the coding unit and may be a
unit of sample prediction. Here, the prediction unit may be divided into sub-blocks. The
transform unit may be split from the coding unit accordir;g to the quad ‘Me‘stru:cmm and may
be a unit that derives a transform coefficient or a unit that derives a residual signal from the
transform coefficient.

[64]  The entropy decoder 410 may parse the bitstream to output information required for
video reconstruction or picture reconstruction. For example, the entropy decoder 410 may
decode information in the bitstream based on a coding method such as exponential Golomb
encoding, CAVLC, CABAC, or the like, and may output a value of a syntax element required
for video reconstruction and a quantized value of a transform coefficient regarding a residual.
[65] More specifically, a CABAC entropy decoding method may receive a bin
corresponding to each syntax element in a bitstream, determine a context model using
decoding target syntax element information and decoding information of neighboring and
decoding target blocks or information of amabol/bin decoded in a previous step, predict bin
generation probability according to the determined context model and perform arithmetic
decoding of the bin to generate a symbol corresponding to each syntax element value. Here,
the CABAC entropy decoding method may update the context model using information of a
symbol/bin decoded for a context model of the next symbol/bin after determination of the
context model.
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[66] Information about prediction among information decoded in the entropy decoder 410
may be provided to the predictor 450 and residual values, that is, quantized transform
coefficients, on which entropy decoding has been performed by the entropy decoder 410 may
be input to the re-arranger 421.

[67]  The re-arranger 421 may rearrange the quantized transform coefficients into a two-
dimensional block form. The re-arranger 421 may perform rearrangement corresponding to
coefficient scanning performed by the encoding device. Although the re-arranger 421 is
described as a separate component, the re-arranger 421 may be a part of the inverse-quantizer
422.

[68] The inverse-quantizer 422 may de-quantize the quantized transform coefficients
based on a (de)quantization parameter to output a transform coefficient. In this case,
information for deriving a quantization parameter may be signaled from the encoding device.
[69] The inverse transformer 423 may inverse-transform the transform coefficients to
derive residual samples.

[70]  The predictor 430 may perform prediction on a current block, and may generate a
predicted block including prediction samples for the current block. A unit of prediction
performed in the predictor 430 may be a coding block or may be a transform block or may be
a prediction block.

[71]  The predictor 430 may determine whether to apply intra-prediction or inter-
prediction based on information on a prediction. In this case, a unit for determining which
one will be used between the intra-prediction and the inter-prediction may be different from a
unit for generating a prediction sample. In addition, a unit for generating the prediction
sample may also be different in the inter-prediction and the intra-prediction. For example,
which one will be applied between the inter-prediction and the intra-prediction may be
determined in unit of CU. Further, for example, in the inter-prediction, the prediction
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sample may be generated by determining the prediction mode in unit of PU, and in the intra-
prediction, the prediction sample may be generated in unit of TU by determining the
prediction mode in unit of PU.

[72]  In case of the intra-prediction, the predictor 430 may derive a prediction sample for a
current block based on a neighboring reference sample in a current picture. The predictor
430 may derive the prediction sample for the current block by applying a directional mode or
a non-directional mode based on the neighboring reference sample of the current block. In
this case, a prediction mode to be applied to the current block may be determined by using an v
intra-prediction mode of a neighboring block,

[73]  In the case of inter-prediction, the predictor 430 may derive a prediction sample for a
current block based on a sample specified in a reference picture according to a motion vector.
The predictor 430 may derive the prediction sample for the current block using one of the
skip mode, the merge mode and the MVP mode. Here, motion information required for
inter-prediction of the current block provided by the video encoding device, for example, a
motion vector and information about a reference picture index may be acquired or derived
based on the information about prediction.

[74]  In the skip mode and the merge mode, motion information of a neighboring block
may be used as muticm information of the current block. Here, the neighboring block may
include a spatial neighboring block and a temporal neighboring block.

[75]  The predictor 430 may construct a merge candidate list using motion information of
available neighboring blocks and use information indicated by a merge index on the merge
candidate list as a motion vector of the current block. The merge index may be signaled by
the encoding device. Motion information may include a motion vector and a reference
picture. 'When motion information of a temporal neighboring block is used in the skip mode
and the merge mode, a highest picture in a reference picture list may be used as a reference
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picture.

[76]  Inthe case of the skip mode, a difference (residual) between a prediction sample and
an original sample is not transmitted, distinguished from the merge mode.

{771  In the case of the MVP mode, the motion vector of the current block may be derived
using a motion vector of a neighboring block as a motion vector predictor. Here, the
neighboring block may include a spatial neighboring block and a temporal neighboring block.
[78] When the merge mode is applied, for example, a merge candidate list may be
generated using a motion vector of a reconstructed spatial neighboring block and/or a motion
vector corresponding to a Col block which is a temporal neighboring block. A motion
vector of a candidate block selected from the merge candidate list is used as the motion
vector of the current block in the merge mode. The aforementioned information about
prediction may include a merge index indicating a candidate block having the best motion
vector selected from candidate blocks included in the merge candidate list. Here, the
predictor 430 may derive the motion vector of the current block using the merge index.

[79] When the MVP (Motion vector Prediction) mode is applied as another example, a
motion vector predictor candidate list may be generated using a motion vector of a
reconstructed spatial neighboring block and/or a motion vector corresponding to a Col block
which is a temporal neighboring block. That is, the motion vector of the reconstructed
spatial neighboring block and/or the motion vector corresponding to the Col block which is
the temporal neighboring block may be used as motion wvector candidates. The
aforementioned information about prediction may include a prediction motion vector index
indicating the best motion vector selected from motion vector candidates included in the list.
Here, the predictor 430 may select a prediction motion vector of the current block from the
motion vector candidates included in the motion vector candidate list using the motion vector
index. The predictor of the encoding device may obtain a motion vector difference (MVD)
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between the motion vector of the current block and a motion vector predictor, encode the
MVD and output the encoded MVD in the form of a bitstream. That is, the MVD may be
obtained by subtracting the motion vector predictor from the motion vector of the current
block. Here, the predictor 430 may acquire a motion vector included in the information
about prediction and derive the motion vector of the current block by adding the motion
vector difference to the motion vector predictor. In addition, the predictor may obtain or
derive a reference picture index indicating a reference picture from the aforementioned
information about prediction.

[80] The adder 440 may add a residual sample to a prediction sample to reconstruct a
current block or a current picture. The adder 440 may reconstruct the current picture by
adding the residual sample to the prediction sample in units of a block. When the skip mode
is applied, a residual is not transmitted and thus the prediction sample may become a
reconstructed sample. Although the adder 440 is described as a separate component, the
adder 440 may be a part of the predictor 430. Meanwhile, the adder 440 may be referred to
as a reconstructor or reconstructed block generator.

[81]  The filter 450 may apply deblocking filtering, sample adaptive offset and/or ALF to
the reconstructed picture. Here, sample adaptive offset may be applied in units of a sample
after deblocking filtering. The ALF may be applied after deblocking filtering and/or
application of sample adaptive offset.

[82] The memory 460 may store a reconstructed picture (decoded picture) or information
necessary for decoding. Here, the reconstructed picture may be the reconstructed picture
filtered by the filter 450. For example, the memory 460 may store pictures used for inter-
prediction. Here, the pictures used for inter-prediction may be designated amording to a
reference picture set or a reference picture list. A reconstructed picture may be used as a
reference picture for other pictures. The memory 460 may output reconstructed pictures in
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an output order.

[83] FIG. 5 illustrates another example of a video decoding device to which the present
disclosure is applicable.

[84] Referring to FIG. 5, the video encoding device includes an intra-predictor, a
reference smoother 500, a predictor 810, a post-filter 520, an inverse-quantizer 530, and an
inverse-transformer 540. Here, the intra-predictor may include the reference smoother 500,
the predictor 510, and the post-filter 520. The intra-predictor may derive a prediction
sample for a current block by applying a directional mode or a non-directional mode basedon
a neighboring reference sample of the current block. Here, the prediction mdde to be
applied to the current block may be determined using an intra-prediction mode of a
neighboring block.

[85]  Specifically, when intra-prediction is applied to the current block, the reference
smoother 500 may perform a smoothing process on the left neighboring samples and the
upper neighboring samples used for intra-prediction of the current block in a picture
(hereinafter, referred to as a current picture) to which the current block belongs, based on the
size of the current block, the prediction mode, and the sample value. Thus, it is possible to
prevent visual artifacts regarding the prediction samples of the current block, which may
occur due to differences between sample values of the left neighboring samples and the upper
neighboring samples.

[86] The predictor 510 may derive the prediction sample based on an average or
interpolation of the left neighboring samples and the upper neighboring samples of the
current block (case (i)) or may derive the prediction sample based on a neighboring sample
present in a specific (prediction) direction regarding the prediction sample among the left
neighboring samples and the upper neighboring samples (case (ii)). The case (i) may be
called a non-directional mode or a non-angular mode, and the case (ii) may be called a
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directional mode or an angular mode. In the intra-prediction, the prediction mode may
include, for example, 33 directional prediction modes and at least two non-directional modes.
The non-directional modes may include a DC prediction mode and a planar mode. The
predictor 510 may determine the prediction mode to be applied to the current block using the
5  prediction mode applied to the neighboring block.
[87]  The post-filter unit 520 may selectively perform post-processing filtering to mitigate
discontinuity between the current block and the neighboring samples according to the
prediction mode in which the prediction sample of the current block is derived. Thereafter, '
the inverse-quantizer 530 may inverse-quantize the qn;xantimed transform coefficients received
10 from the encoding device, and the inverse-transformer 540 may inversely transform the
inverse-quantized transform coefficients to generate residual samples in units of blocks.
The decoding device may recover the current block encoded based on intra-prediction, based
on the residual sample and the prediction sample.
[88] FIG. 6 illustrates an example of a process of performing intra-prediction in a
15 decoding device. The decoding device entropy-decodes entropy-encoded information
received through a bitstream to obtain quantized transform coefficients (S600). Next, the
decoding device may inverse-quantize the quantized transform coefficients to obtain
transform coefficients (S610) and inversely-transform the transform coefficients to generate a
residual sample in units of blocks (8620). Next, the decoding device may perform intra-
20 prediction to generate a prediction sample of the current block (8630). The prediction
sample may be referred to as a prediction signal or an intra-prediction signal. Specifically,
the decoding device may perform a smoothing process on the left neighboring samples and
the upper neighboring samples used for intra-prediction of the current block based on a size
of the current block, a prediction mode, and sample value (S640). Thereafter, the decoding
25  device may perform prediction according to the intra-prediction mode to generate the
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prediction sample as described above (S650) and perform post-processing filtering to reduce
discontinuity between the current block and the neighboring samples (S660). The decoding
device may add the prediction sample and the residual sample to generate a reconstructed
sample of the current block (S670).

[89] When prediction is performed on the current block as described above, the prediction
may be performed based on the intra-prediction mode. For example, the intra-prediction
may be performed based on a neighboring sample which has already been encoded/decoded
at a decoding time of the current block. That is, the prediction sample of the current block
may be reconstructed using the left neighboring samples and the upper neighboring samples
of the current block. The left neighboring samples and the upper neighboring samples may
be represented as shown in FIG. 7.

[90]  FIG. 7 illustrates an example of the left neighboring samples and upper neighboring
samples used for intra-prediction of the current block. When intra-prediction is performed
on the current block, an intra-prediction mode regarding the current block may be derived
and a prediction sample regarding the current block may be generated using at least one of
the left neighboring samples and the upper neighboring samples according to the infra-
prediction mode. The left neighboring samples and the upper neighboring samples used for
intra-prediction of the current block may undergo a smoothing process based on the size of
the current block, the prediction mode, and the sample value. That is, filtering may be
performed to reduce a difference between the sample values of the left neighboring samples
and the upper neighboring samples based on the size of the current block, the prediction
mode, and the sample values. Thus, it is possible to prevent visual artifacts regarding the
prediction samples of the current block, which may occur due to differences between sample
values of the left neighboring samples and the ﬁpp@r neighboring samples.

[91]  Here, the intra-prediction mode may include two non-directional intra-prediction
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modes and 33 directional intra-prediction modes. The non-directional intra-prediction
modes may include a planar intra-prediction mode and a DC intra-prediction mode, and the
directional intra-prediction modes may include intra-prediction modes #2 to #34. The
planar intra-prediction mode may be referred to as a planar mode, and the DC intra-prediction
mode may be referred to as a DC mode. The intra-prediction mode #10 may indicate a
horizontal intra-prediction mode or a horizontal mode, the intra-prediction mode #26
indicates a vertical intra-prediction mode or a vertical mode, based on which a prediction
direction of the directional intra-mode may be expressed by an angle. In other words, a
relative angle corresponding to each intra-prediction mode may be expressed with reference
to a horizontal reference angle 0° corresponding to the intra-prediction mode #10, and a
relative angle corresponding to each intra-prediction mode may be expressed with reference
to a vertical reference angle 0° corresponding to the intra-prediction mode #26.

[92] In addition, demand for high-quality video is increasing, and in order to increase
efficiency of a video codec, the number of directional intra-prediction directions may increase
to 65. That is, the intra-prediction mode may include two non-directional intra-prediction
modes and 65 directional intra-prediction modes. The non-directional intra-prediction
modes may include a planar intra~-prediction mode and a DC intra-prediction mode, and the
directional intra-prediction modes may include intra-prediction modes #2 to #66.

[93]  FIG. 8 illustrates intra-directional modes of 65 prediction directions.

[94]  Referring to FIG. 8, intra-prediction modes having horizontal directionality and intra-
prediction modes having vertical directionality may be classified based on an intra-prediction
mode #34 having an upper left diagonal prediction direction. H and V in FIG. 8 represent
the horizontal directionality and the vertical directionality, respectively, and the numbers from
-32 to 32 represent displacements of 1/32 unit on sample grid positions. The intra-
prediction modes #2 to #33 have the horizontal directionality and the intra-prediction modes
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#34 to #66 have the vertical directionality. The intra-prediction mode #18 and the intra-
prediction mode #50 represent a horizontal intra-prediction mode and a wvertical intra-
prediction mode, respectively, based on which a prediction direction of an angular intra-
prediction mode may be expressed by an angle. In other words, a relative angle
corresponding to each intra-prediction mode may be expressed based on a horizontal
reference angle 0° corresponding to the intra-prediction mode #18, and a relative angle
corresponding to each intra-prediction mode may be expressed based on a vertical reference
angle 0° corresponding to the intra-prediction mode #50.

[95] In case that the directional intra-prediction mode is applied to the current block, a
prediction sample of the target sample may be derived based on a reference sample located in
a prediction direction of the directional intra-prediction mode with respect to a target sample
on which intra-prediction is performed in the current block. That is, the reference sample
located in the prediction direction may be copied and derived as the prediction sample.
Here, the reference sample may represent a neighboring sample located in a prediction
direction of the directional intra-prediction mode with respect to the target sample among the
upper neighboring samples and the left neighboring samples of the current block.
Meanwhile, when there is no reference sample in units of integer samples in the prediction
direction of the directional intra-prediction mode based the target sample, that is, when a
position of a reference sample located in the prediction direction of the directional intra-
prediction mode is a fractional sample position based on the target sample, a sample value of
the reference sample may be derived through interpolation between integer samples adjacent
to the left and right of the reference sample and the prediction sample of the target sample
may be derived based on the reference sample. For example, interpolation between the
integer samples may be performed based on a distance ratio of the reference sample and the

integer samples.
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[96] FIG. 9 is a view illustrating an example in which when a position of a reference
sample located in a prediction direction of the directional intra-prediction mode is a fractional
sample position, a prediction sample of the target sample is derived based on integer samples
adjacent to the left and right of the reference sample.

[97]  Referring to FIG. 9, a fractional sample position of a reference sample located in a
prediction direction of the directional imm~predictimn mode based on the target sample may
be derived as tan 0*(y+1)., The tan® value for each angle 0 of each directional intra-
prediction mode for calculating the fractional sample position may be scaled in advance in
units of integers and defined in order to facilitate calculation. The tanf values of the
respective scaled directional intra-prediction modes may be derived as shown in the
following table.

[98]  [Table 1]

predModalntra 8 1 | 2 1 3 s 1lea 17 | 8 ol lizlisl 4l 18116117
| _intraPredAngle § - | 34 1 29 1 26 1 23 ) 21 1 19 ] 17 18 17 31211
gligteolarlaelozlasloslae]oy)on]as] sn] 32 133124
(O I I T T A T R N I T 21 | 23 [ 26 [ 20 | 39 |
35 1 36 1 37 138 139 1 A0 R A1 L A2 L A3 L4 Q45 L 4B LA7 LA8 L.29 150 15
izl lis szl el v 15131211 Lol
p a |52 |53 ['54 [55 |56 [ 57 [ 58 |59 [ 60 | 61 | 62 |63 | 64 | 65 | 66
intraPredAngle § 2 1 3 ] 5 1 7 1.4 1lisJivi1a] 29 ]23) 2629 | 32

[99] Here, predModelntra-may represent each directional intra-prediction mode, and
intraPredAngle may represent a prediction angle of each directional intra-prediction mode or
a scaled tan® approximate value of each directional intra-prediction mode. The tan®
approximate value according to the predefined intra-prediction mode may6 be derived based
on Table 1. Meanwhile, a tan™'0 value of each scaled directional intra-prediction mode may
be derived as show in the following table.

[100] [Table 2]
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prediicdelntra 18 20 Fil ¥ PN Y 1 26
invAngle —g1 —4006 [=2731 1 —1638 | —1170 1 ~910 | —vds | —630
prediodeintra 27 28 29 30 1 32 a3 34
invAngle —Eag | —apg | a3 | -560 | =356 | 315 | -PEF 1" 056
predModaintra 33, TS a1 L 39 40 Al a2
invAngle 282 | 315 | —356 | —380 | —431 | —dBe | —546 | ~630
predModelntra 43 44 45 46 4 48 49
invAngle —745 | —910 | ~1170 | 1638 | —3731 | —abde ] 8193

[101] Here, predModelntra-may represent each directional intra-prediction mode,
intraPredAngle may represent an inverse prediction angle of each directional intra-prediction
mode or the scaled tan™'0 approximate value of each directional intra-prediction mode. The
tan'0 approximate value according to predefined intra-prediction mode based on Table 2 may
be derived. |

[102] Meanwhile, the non-directional intra-prediction mode may be applied to the current
block. The non-directional intra-prediction modes may include a planar intra-prediction
mode and a DC intra-prediction mode. The planar intra-prediction mode may be referred to
as a planar mode and the DC intra-prediction mode may be referred to as a DC mode.  In the
DC mode, a prediction sample of the current block may be derived based on an average value
of neighboring samples of the current block. Intra-prediction based on the DC mode may be
efficiently performed when the values of the samples of the current block are similar.
Meanwhile, when intra-prediction is performed based on the DC mode when the values of the
samples of the current block are varied, discontinuity may occur between a predicted block of
the current block and neighboring samples. In a similar case, even when intra-prediction is
performed based on the directional intra-prediction mode, unintentional visible contouring
may occur. The planner mode has been devised to overcome this problem. The planar
mode indicates a prediction mode in which horizontal linear prediction and vertical linear
prediction are performed based on reference samples regarding the target sample and derived
values are subsequently averaged to generate a prediction sample of the target sample.

[103] When prediction is performed on the current block based on the directional intra-

prediction mode, if the reference sample in units of the integer samples is not present in the
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prediction direction of the directional intra-prediction mode of the current block with respect
1o the target sample of the current block as described above, that is, when the position of the
reference sample located in the prediction direction of the directional intra-prediction mode
with respect to the target sample is the fractional sample position, a sample value of the
5 reference sample may be derived through interpolation of left and right integer samples of the

reference sample and the prediction sample of the target sample may be derived based on the
derived reference sample. The integer samples may indicate neighboring samples of ﬂha
integer sample position located near the reference sample. |
[104] In this case, interpolation between the integer samples on "the.lleft and right of the

10 reference sample may be derived based on one of various interpolation filters. For example,
interpolation may be performed based on an interpolation filter having a low-pass filter effect
or the interpolation may be performed based on a sophisticated interpolation filter. The
interpolation filter having the low-pass filter effect may represent a linear filter or a Gaussian
filter, and the sophisticated interpolation filter may represent a spline filter. The spline filter

15 may also be referred to as a cubic filter. The interpolation filters may be 4-tap interpolation
filters. The 4-tap interpolation filter may represent a filter on which interpolation is
performed for four integer samples based on four weights. Interpolation between the integer
samples performed based on the interpolation filter may be expressed by the following
equation,

20 [105] [Equation 1]

plxlly] =
(FLo] » veflx + ddx] + FI1] » reflx + tidx + 1] + £[2] * reflx + ildx + 2] + £13] * ref[x + idx + 3] + 128) » 8

[106] Here, p[x][y] may denote a prediction sample of the target sample, f[0], f[1], f[2] and
f[3] may denote filter coefficients of the interpolation filter, ref[n] may denote the nth
neighboring sample, and ildx may denote an integer index of the fractional sample position

25 located in the prediction direction of the intra-prediction mode of the current block with
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respect to the target sample. The integer index of the fractional sample position may
represent an integer value excluding the remainder of the fractional sample position.

[107] Meanwhile, the filter coefficient of the cubic filter, which is one of the low-pass
filters, and the filter coefficient of the Gaussian filter, which is one of the interpolation filters
having a low-pass filter effect, may be derived as shown in the following table.

[108] [Table 3]

Sub-pel position n/32 Cubic filter Gaussian filter

pe p {f[0], f[1], f[21, f3]} {F[0), (1), f[2], f[3)}
el { -3,252 8 - 43 161, 51, 1}
n=2 { -5 247, 17, -3 40,160, 54 2
n=3 -7, 242, 25 -4 37, 159 58 2
n=4 -9 236 34, -5 34 158, 62 2
nzb =10, 230,43, -7 31 156, 67 2
n=6 -12, 224 52 -8 28, 154, 71, 3
na={ -13, 217, 61, -9 26, 151, 76, 3
n=8 -14,210, 70, -10 } 23, 148, 80, 4
n=9 15, 203, 79, -11 21,146 85 4
n=10 -16, 195, 89, -12 19, 142, 80, 5
n= -16, 187, 98 -13 138, 84 6
nz=12 =16, 179, 107, -14 6 135 99 6}
n=13 -16, 170, 116, -14 {14,131, 104, 7
n=14 {-17, 162, 126, -15 {13,127, 108 8
=15 {-16 153 135 -16 {11,123 113, 91}
n=16 {-16, 144, 144, -16 } {0,118 118 101}
=17 -16, 135 153 -16] [ 9 113, 123 11}
nz=18 -15 126, 162, -17 } 8 108 127 131
n=19 -14, 116, 170, -16 7,104 131, 14}
ri= 20 -14. 107, 178, -16 { 6 99 135 16}
n=21 {-13, 98 187, -16 {694 139 1/}
r=22 {-12 89 195 -16 [5 90 142, 19)
n=23 {-11, 79, 203, -15} {4 85 146 211
n=24 {10, 70, 210, -14 {4, 80, 149, 23}
n=25 [ -9, 61,217, -13 376 151 26}
hed6 -8, 52 224 -12 3, 71, 154 281
n=27 -7, 43, 230, -10 } 2, 67, 156 31
n=28 -5 34 236 -9 2 62 158 34
n=29 -4, 25 242, -7 2,58 180 371
n=30 -3 17 247, -5 2, 54 160, 40
ne=31 { -1 B 252 .33 1, 51, 161,43

[109] Here, sub-pel position n/32 may represent a residual value of the fractional sample
position located in the prediction direction of the intra-prediction mode of the current block
with respect to the target sample. Based on the fractional sample position of the target

sample and Table 3 above, filter coefficients of a cubic filter or filter coefficients of a
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Gaussian filter may be derived.
[110] When prediction is performed on the current block based on the directional intra-
prediction mode as described above, a distance between the target sample of the current block
and the reference sample may increase according to a prediction angle of the directional intra-
5  prediction mode, and as the distance increases, accuracy of prediction may deteriorate. A
method of selecting an appropriate interpolation filter according to the distance between the
target sample and the reference sample and performing prediction based on the reference
sample derived by appllyimg the selected interpolation filter to improve prediction accuracy
may be proposed. The method of selecting an appropriate interpolation filter according to
10  the distance between the target sample and the reference sample may be as follows.
[111] For example, the interpolation filter may be selected based on the size of the current
block or the intra-prediction mode of the current block. As described above, the distance
between the target sample of the current block and the reference sample may be derived
according to a slope of the prediction angle of the intra-prediction mode for the current block.
15  Since the reference sample of the current block is derived based on the left neighboring
samples and the upper neighboring samples of the current block, the distance between the
target sample and the reference sample may increase as the position of the target sample is
closer to a lower right end of the current block. Also, as the intraPredAngle value of the
directional intra-prediction mode defined in Table 1 increases, the slope of the prediction
20  angle may be close to 45°. As the slope of the prediction angle close to 45°, the distance
between the target sample and the reference sample may increase, and accordingly, as the
intraPredAngle value increases, the distance between the target sample and the reference
sample may increase,
[112] In addition, the distance between the target sample and the reference sample may be
25  derived based on the size of the current block. That is, as the size of the current block

28

Date regue / Date received 2021-12-14




10

15

20

25

increases, the distance between the target sample and the reference sample may increase.
Therefore, the size of the current block is considered to be closely related to prediction
accuracy of the target sample.

[113] If the value of intraPredAngle is greater than 0 and smaller than 32 as described
above, the target sample may be predicted based on the reference sample of the fractional
sample position as shown in FIG. 9. In this case, since only an integer sample value near
the fractional sample position is present, the coding device may predict the reference sample
of the fractional sample location based on the interpolation filter, and the value of the
reference sample of the predicted fractional sample position may be copied as a sample value
of the prediction sample of the target sample. Thus, accuracy of the predicted block of the
current block may be determined according to accuracy of the interpolation filter.

[114] When intra-prediction is applied to the current block, the information which may be
used for intra-prediction may be limited to the left neighboring samples and the upper
neighboring samples of the current block that has already been reconstructed at the time of
decoding the current block, and as the distance between the target sample of the current block
and the reference sample increases, correlation between the target sample and the reference
samples derived based on the left neighboring samples and the upper neighboring samples
may be drastically reduced.

[115] Accordingly, when the distance between the target sample and the reference sample
is too long, the method of deriving the reference sample based on the interpolation filter
having a low-pass filter effect so that artifacts or noise of the reference sample do not
propagate may be used to enhance accuracy prediction and coding efficiency. Conversely,
when the distance between the target sample and the reference sample is close to each other,
correlation between the target sample and the reference sample is high, and thus, a method of

deriving the reference sample based on accurate interpolation so that similarity between the
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prediction sample of the target sample and the reference sample is maintained to the greatest
extent possible may be advantageously used, That is, when the distance between the target
sample and the reference sample is close to each other, the method of deriving the reference
sample based on a sophisticated interpolation filter may improve prediction accuracy and
coding efficiency.

[116] Therefore, the current block may be selected based on only the size of the current
block for deriving a reference sample for the target sample of the current block, may be
selected based only on the intra-prediction mode of the current block, or selected based on the
intra-prediction mode of the current block.

[117] For example, when the size of the current block is 44 size and intra-prediction is
performed on the current block, correlation of the current block having the 4x4 size with
neighboring samples of the current block may be very high, and thus, a reference sample may
be derived based on the sophisticated interpolation filter regardless of intra-prediction mode.
Alternatively, if the intraPredAngle value derived from the intra-prediction mode of the
cwrent block is 11 or greater irrespective of the size of the current block, the distance
between the target sample and the reference sample may increase, and thus, the reference
sample may be derived based on the interpolation filter having the interpolation filter effect.
Alternatively, when the size of the current block is smaller than a specific size and the
intraPredAngle value of the intra-prediction mode of the current block is smaller than a
specific value, the reference sample of the target sample may be derived based on the
sophisticated interpolation filter, and in other cases, the reference sample of the target sample
may be derived based on the interpolation filter having a low-pass filter effect.

[118] In addition, when a most probable mode (MPM) mode is applied to the current block
to derive an intra-prediction mode of the current block based on an intra-prediction mode of a
neighboring block of the current block and the intra-prediction mode of the current block is a
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directional intra-prediction mode, not the planar mode or the DC mode, the interpolation
filter used in the neighboring block selected through the MPM mode may be derived as an
interpolation filter of the current block. Here, in case that the MPM mode is applied to the
current block, the coding device may determine an MPM list based on the intra-prediction
5 mode regarding the left or upper neighboring blocks of the current block and determine the
intra-prediction mode based on the MPM list.
[119] In addition, when the interpolation filter is selected based on the intra-prediction
mode of the current block, a reference of the intra-prediction mode, that is, a reference for
determining whether the interpolation filter having the low-pass filter effect is used or
10  whether the sophisticated interpolation filter is used ma ybe varied according to sizes or
forms of the current block.
[120] In case that the current block is a square block, a width and height of the block are
equal, that is, the size of the current block is NxN, and thus, a size of a reference block in
selecting an interpolation filter may be N for a directional intra-prediction mode of any
15  direction. Meanwhile, in case that the current block has a non-square shape, i.e., in case that
the current block size is MxN, if a mode selected as the prediction mode of the current block
is a directional intra~prediction mode and the mode is a vertical directional prediction mode,
the size of the reference block for selecting an interpolation filter may be represented by M.
Here, the vertical directional prediction mode may indicate intra-prediction modes #34 to #66
20  when the intra-prediction mode includes 65 directional intra-prediction modes and two non-
directional intra-prediction modes. Similarly, when the size of the current block is MxN, the
mode selected as the prediction mode of the current block is a directional mode and the mode
is a horizontal directional prediction mode, the size of the current block serving as a reference
for selecting an interpolation filter may be N. Here, the horizontal directional prediction
25 mode may represent the intra-prediction modes #2 to #33 when the intra-prediction mode
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includes 65 directional intra-prediction modes and two non-directional intra-prediction modes.
[121] Alternatively, if the current block is a non-square block having the MxN size and the
prediction mode of the current block is the vertical directional prediction mode, the
interpolation filter of the current block may be selected based on N, and similarly, if the
5 current block is a non-square block having the MxN size and the prediction mode of the
current block is the horizontal directional prediction mode, the interpolation filter of the
current block may be selected based on M. However, in a specific example to be described
later, when the vertical directional prediction mode is applied to the current block having the
MxN size, the size of the current block serving as a reference for selecting the interpolation

10 filter may be represented by M. Similarly, when the horizontal directional prediction mode
is applied to the current block having the MxN size, the size of the current block serving as a
reference for selecting the interpolation filter may be represented by N.  Specifically, for
example, if the size value of the block is smaller than or equal to 8, a sophisticated
interpolation filter may be selected and a reference sample of the block may be derived based

15  on the sophisticated interpolation filter, and in this case, if the size of the current block is 8x4
and the intra-prediction mode of the current block is one of the intra-prediction modes having
vertical directionality, the sophisticated interpolation filter may be selected as the
interpolation filter for the current block and the reference sample of the current block may be
derived based on the sophisticated interpolation filter.

20 [122] Also, if the intraPredAngle value of the intra-prediction mode of the current block is
smaller than or equal to 11, a sophisticated interpolation filter is selected and a reference
sample may be derived based on the sophisticated interpolation filter. If the intraPredAngle
value of the intra-prediction mode of the current block is greater than 11, the interpolation
filter having a low pass filter effect is selected and a reference sample may be derived based

25  on the interpolation filter having the low pass filter effect,
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[123] In case that the value of the current block size is equal to or greater than 16, if the
intraPredAngle value of the intra-prediction mode of the current block is smaller than or
equal to 5, the sophisticated interpolation filter is selected and a reference sample may be
derived based on the sophisticated interpolation filter. If the intraPredAngle value of the
intra-prediction value of the current block is greater than 5, the interpolation filter having a
low pass filter effect is selected and a reference sample may be derived based on the
interpolation filter having the low pass filter effect.

[124] FIG. 10 illustrates an example of selecting an intamollation filter based on the size of
the current block and the intra-prediction mode. The encoding device/decoding device may
derive an intra-prediction mode for the current block and may determine whether the intra-
prediction mode is a directional intra-prediction mode (S1000). The directional intra-
prediction mode may be referred to as angular prediction. If the intra-prediction mode is a
non-directional intra-prediction mode, the encoding/decoding device may perform intra-
prediction of the current block based on the intra-prediction mode.

[125] When the intra-prediction mode is the directional intra-prediction mode, the
encoding device/decoding device may determine whether the size of the current block is
smaller than a first threshold (S1010). When the current block is a non-square block having
a MxN size and a mode selected as the intra-prediction mode of the current block includes an
intra~-prediction mode having vertical directionality, that is, when the intra-prediction mode
includes 65 directional intra-prediction mode and two non-directional intra-prediction modes,
if the intra-prediction mode of the current block is one of the intra-prediction modes #34 to
#66, a reference for selecting an interpolation filter may be represented by a width of the
current block, i.e., M, Similarly, in case that the current block is a non-square block having
the MxN size and the mode selected as the intra-prediction mode of the current block is the
intra-prediction mode having horizontal directionality, that is, when the intra-prediction mode
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includes 65 directional intra-prediction modes and two non-directional intra-prediction modes,
if the intra-prediction mode of the current block is one of the intra-prediction modes #2 to

#33, a reference for selecting the interpolation filter may be represented by a height of the

current block, i.e., N. Alternatively, when only a block having a square shape is considered

and the size of the current block is NxN, the value of the size of the current block may be

represented by N.  The first threshold may be set to 4, 8, 16, 32, or the like.

[126] If the size of the current block is not smaller than the first threshold value, that is, if
the size of the current block is greater than or equal to the first threshold value, the encoding
device/decoding device may ‘se]mt a Gaussian filter as an interpolation filter of the current
block and derive a reference sample of a target sample in the current block based on the
Gaussian filter (S1020). Here, the Gaussian filter is one of interpolation filters having a
low-pass filter effect, and a reference sample of the target sample may be derived based on an
interpolation filter having a low-pass filter effect other than the Gaussian filter. For example,
if the size of the current block is greater than or equal to the first threshold, the encoding
device/decoding device may select the interpolation filter of the current block as a linear filter
and derive a reference sample of the target sample in the current block based on the linear
filter. Here, the reference sample may indicate a neighboring sample located in a prediction
direction of a directional intra-prediction mode of the current block based on the target
sample,

[127] If the size of the current block is not smaller than the first threshold value, it may be
determined whether intraPredAngle of the directional intra-prediction mode of the current
block is smaller than a second threshold value (S1030). The intraPredAngle may indicate a
prediction angle of the directional intra-prediction mode. For example, the second threshold
may be set to 11.

[128] If intraPredAngle of the directional intra-prediction mode of the current block is not
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smaller than the second threshold value, the encoding device/decoding device may select the
Gaussian filter as an interpolation filter of the current block and derive a reference sample of
a target sample in the current block based on the Gaussian filter (S1020). Here, the
Gaussian filter is one of interpolation filters having a low-pass filter effect as described above,
and the reference sample of the target sample may be derived based on the interpolation filter
having a low-pass filter effect other than the Gaussian filter.

[129] If intraPredAngle of the directional intra-prediction mode of the current block is
smaller than the second threshold value, the encoding device/decoding device may select a
cubic m‘tm* as an interpolation filter of the current block and derive the reference sample of
the target sample in the current block based on the cubic filter (S1040). Here, the cubic
filter may be one of the sophisticated interpolation filters as described above, and the
reference sample of the target sample may be derived based on a sophisticated interpolation
filter other than the cubic filter. Further, the cubic filter may be called a spline filter.

[130] The encoding device/decoding device may generate a prediction sample of the target
sample based on the derived reference sample of the target sample (S1050). The encoding
device/decoding device may generate the prediction sample by copying the reference sample.
The reference sample may be copied and used as the prediction sample, and thus, it may be
indicated that the prediction sample is generated based on the interpolation filter,

[131] Meanwhile, in addition to the above-mentioned examples, a method of dividing the
current block into arbitrary regions and selecting an interpolation filter for each region may
be proposed as a method of selecting an interpolation filter.

[132] For example, if the size of the current block is greater than or equal to a specific size,
the current block may be divided into a plurality of regions and an interpolation filter of each
region may be selected in consideration of a distance between each region and neighboring
samples of the current block. A size of the divided regions of the current block may be a
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fixed value previously determined (i.e., previously set) between the encoding device and the
decoding device or may be derived based on the size of the current block, the intra-prediction
mode, and the like. For example, in case that the intra-prediction mode of the current block
is an intra-prediction mode having vertical directionality and a mode number of the intra-
prediction mode is greater than #34, the size of the divided regions of the current block may
be derived as 4x4. In other words, in case that the intra-prediction mode of the current
block is one of the intra-prediction modes #35 to #66, the size of the divided regions of the
current block may be derived as 4x4. In case that the current block is a block having a size
of 16x16, the current block may be divided into regions having a 4x4 size, the above-
described sophisticated interpolation filter may be selected as the interpolation filter for
regions from #0 to #7 on a raster scan order, and the interpolation filter having a low-pass
filter effect may be selected as the interpolation filters for the other regions. Here, numbers
of the 16 regions having the 4x4 size according to the raster scan order may be sequentially
derived in order from an upper row to a lower row and sequentially derived in order from the
left to the right in each row. That is, regions included in a first row among the 16 regions
having the 4x4 size of the current block may be represented as region #0, region #1, region
#2,and region #3 in order from the left to the right, regions included in the second row may
be represented as region #4, region #5, region #6, and region #7 in order from the left to the
right, regions included in the third row may be represented as region #8, region #9, region
#10, and region #11 in order from the left and right, and regions included in the fourth row
may be represented as region #12, region #13, region #14, and region #15 in order from the
left to the right. Meanwhile, sizes of the divided regions of the current block and
information indicating the interpolation filter for each of the regions may be signaled. In
this case, the decoding device may divide the current block into a plurality of regions based
on the information and select an interpolation filter of each region.
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[133] Alternatively, the interpolation filter may be selected based on a distance between a
target sample of the current block and a reference sample. That is, the interpolation filter
may be selected based on whether the distance between the target sample and the reference
sample is equal to or greater than a specific threshold value. Here, the reference sample
may indicate a neighboring sample located in a prediction direction of an intra-prediction
mode of the current block based on the target sample,

[134] For example, in case that the size of the current block is NxN, if the distance between
the target sample of the current block and the reference sample is N/2 or greater, the reference
sampﬁe may be derived based on the interpolation filter having a low-pass filter effect and the
reference sample may be derived based on the sophisticated interpolation filter in other cases.
The specific threshold value for selecting the interpolation filter may be derived based on the
size of the current block as described above or may be derived ”based on the intra-prediction
mode of the current block, whether the current block is a square block/non-square block, or
the like. Alternatively, the information on the specific threshold value may be transmitted
from the encoding device, and the decoding device may derive the specific threshold value of
the current block based on the information on the received specific threshold value,

[135] FIG. 11 illustrates an example of selecting an interpolation filter based on a distance
between a target sample of a current block and a reference sample. The encoding
device/decoding device may derive an intra-prediction mode for the current block and
determine whether the intra-prediction mode is a directional intra-prediction mode (S1100).
The directional intra-prediction mode may be referred to as angular prediction. If the intra-
prediction mode is a non-directional intra-prediction mode, the encoding/decoding device
may perform intra-prediction of the current block based on the intra-prediction mode.

[136] If the intra-prediction mode is the directional intra-prediction mode, the encoding
device/decoding device may determine whether a distance between the target sample of the
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current block and the reference sample is smaller than a threshold (S1110). The reference
sample may represent a neighboring sample located in a prediction direction of the intra-
prediction mode of the current block based on the target sample. Also, the threshold value
may be derived based on the size of the current block, the intra-prediction mode of the
current block, whether the block is a square/non-square block, and the like, as described
above. In addition, information on the threshold value may be signaled, and the threshold
value of the current block may be derived based on the information on the signaled threshold
value.

[137] If the distance between the target sample of the current block and the reference
sample is not smaller than the threshold value, that is, if the distance between the target
sample and the reference sample is greater than or equal to the threshold value, the encoding
device/decoding device may select a Gaussian filter as an interpolation filter of the current
block and derive a reference sample of the target sample in the current block based on the
Gaussian filter (S1120). Here, the Gaussian filter is one of interpolation filters having a
low-pass filter effect and the reference sample of the target sample may be derived based on
an interpolation filter having a low-pass filter effect other than the Gaussian filter. For
example, if the size of the current block is greater than or equal to the threshold value, the
encoding device/decoding device may select the interpolation filter of the current block as a
linear filter and derive the reference sample of the target sample in thé current block based on
the linear filter..

[138] If the distance between the target sample of the current block and the reference
sample is smaller than the threshold value, the encoding device/decoding device may select a
cubic filter as an interpolation filter of the current block and derive the reference sample
based on the cubic filter (S1130). Here, the cubic filter may be one of the sophisticated
interpolation filters as described above, and the reference sample of the target sample may be
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derived based on a sophisticated interpolation filter other than the cubic filter. Further, the
cubic filter may be called a spline filter.

[139] The encoding device/decoding device may generate a prediction sample of the target
sample based on the derived reference sample of the target sample (S1140). The encoding
device/decoding device may generate the prediction sample by copying the reference sample.
The reference sample may be copied and used as the prediction sample, and thus, it may be
indicated that the prediction sample is generated based on the interpolation filter.

[140] Also, as described above, one of the interpolation filters may be selected to derive a
reference sample of the target sample, but a plurality of interpolation filters may also be used
to derive the reference sample

[141] For example, when a reference sample position of the target sample of the current
block is a fractional sample position, that is, when the reference sample of the target sample
is a fractional sample, a first reference sample may be generated based on a first interpolation
filter which is a sophisticated interpolation filter, a second reference sample may be generated
based on a secomnd interpolation filter which is an interpolation filter having the above-
described low-pass filter effect, and a third reference sample may be generated based on a
third interpolation filter which is an interpolation filter different from the first interpolation
filter and the second interpolation filterr When the first mfmeme sample, the second
reference sample, and the third reference sample are generated, a prediction sample of the
target sample may be generated based on the first reference sample, the second reference
sample, and the third reference sample. For example, an average of the first reference
sample and the second reference sample may be derived as a prediction sample of the target
sample, an average of the first reference sample and the third reference sample may be
derived as a prediction sample of the target sample, an average of the second reference
sample and the third reference sample may be derived as a prediction sample of the target
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sample, or an average of the first reference sample, the second reference sample, and the third
reference sample may be derived as a prediction sample of the target sample.

[142] Alternatively, the prediction sample of the target sample may be derived through a
weighted average of the first reference sample and the second reference sample, that is, a
weighted sum of the first reference sample and the second reference sample. Alternatively,
the prediction sample of the target sample may be derived through a weighted sum of the first
reference sample and the third reference sample, through a weighted sum of the second
reference sample and the third reference sample, or through a weighted sum of the first
reference sample, the second reference ’sample, and the third reference sample.
Alternatively, the prediction sample of the target sample may be derived through a weighted
sum of the first reference sample, the second reference sample, and the third reference sample.
The prediction sample of the target sample may be generated based on the above-described
examples, and the combinations of the first reference sample, the second reference sample
and/or the third reference sample other than the above-described examples.

[143] Specifically, for example, the prediction sample of the target sample may be
generated as follows. If a directional intra-prediction mode in which intra-prediction is
performed based on a reference sample of a fractional sample position is performed on the
current block, neighboring samples of the integer sample position may be interpolated based
on the cubic filter so that a first reference sample may be derived, neighboring samples of the
integer sample position may be interpolated based on the Gaussian filter so that a second
reference sample of the target sample may be derived, and a prediction sample of the target
sample may be generated based on the first reference sample and the second reference sample.
Here, the directional intra-prediction mode in which intra-prediction is performed based on
the reference sample of the fractional sample position may represent one of the directional
intra-prediction modes excluding intra-prediction modes #2, #18, #34, #50 and #66. In
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addition, neighboring samples at the integer sample position may represent neighboring
samples near a fractional sample position located in a prediction direction of a directional
intra-prediction mode of the current block, based on the target sample among neighboring
samples of the current block.

[144] In another example, prediction accuracy of intra-prediction is higher as the distance
between the target sample and the reference sample decreases, and thus, a method of deriving
a first weight for a first reference sample generated based on the first interpolation filter
which is a sophisticated interpolation filter and a second weight for a second reference
sample gemmmd based on a second interpolation filter which is an interpolation filter having
a low pass filter effect, based on the distance between the target sample and the reference
sample, and weighted-summing the first reference sample and the second reference sample
based on the first weight and the second weight to generate a prediction sample of the target
sample may be proposed. For example, the first weight may be derived to be in inverse
proportion to the distance between the target sample and the reference sample, and the second
weight may be derived as a value obtained by subtracting the first weight from 1.
Alternatively, the first weight and the second weight used here may be up-scaled in units of
integers to avoid a decimal point calculation. Accordingly, the first weight may be derived
as a larger value as the distance between the target sample and the reference sample increases,
and as the distance between the target sample and the reference sample increases, the first
weight may be derived as a smaller value. The distance between the target sample and the
reference sample may be calculated based on the prediction angle of the intra-prediction
mode of the current block and the position of the target sample. Alternatively, a table for the
size of the block and the intra-prediction mode may be stored and the distance between the
target sample and the reference sample may be derived with reference to the table.
Meanwhile, the method for deriving the reference sample of the target sample based on the
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plurality of interpolation filters disclosed in the above-described embodiments may be
selectively applied. For example, whether to derive the reference sample of the target
sample based on the plurality of interpolation filters may be derived based on the size of the
current block, the intra-prediction mode of the current block, a variance of values of the
neighboring samples of the current block, and the like. Alternatively, a flag indicating
whether to drive the reference sample of the target sample based on the plurality of
interpolation filters from the encoding device may be transmitted and whether to derive the
reference sample of the target sample based on the plurality of interpolation filters may be
determined based on the flag,

[145] FIG. 12 illustrates an example of deriving a reference sample of a target sample of a
current block based on a plurality of interpolation filters and deriving a prediction sample of
the target sample based on the reference sample. The encoding device/decoding device may
derive an intra-prediction mode for the current block and determine whether the intra-
prediction mode is a directional intra-prediction mode (S1200). The directional intra-
prediction mode may be referred to as an angular prediction.

[146] If the intra-prediction mode is a non-directional intra-prediction mode, the
encoding/decoding device may perform intra-prediction of the current block based on the
non-directional intra-prediction mode (S1210).

[147] 'When the intra-prediction mode is a directional intra-prediction mode, the encoding
device/decoding device may interpolate neighboring samples at integer sample positions
based on a cubic filter to derive a first reference sample of the target sample (S1220). Here,
the neighboring samples of the integer sample positions may represent neighboring samples
near a fractional sample position located in a prediction direction of the directional intra-
prediction mode of the current block with respect to the target sample among the neighboring
samples of the current block. The encoding device/decoding device may perform intra-
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prediction of the target sample based on the first reference sample (S1230). The encoding
device/decoding device may generate a first temporary prediction sample by copying the first
reference sample.

[148] When the intra-prediction mode is a directional intra-prediction mode, the encoding
device/decoding device interpolates neighboring samples of integer sample positions based
on a Gaussian filter to derive a second reference sample of the target sample (81240). The
encoding device/decoding device may perform intra-prediction of the target sample based on
the second reference sample (S1240). The encoding device/decoding device may generate a
second temporary prediction sample by copying the second reference sample.

[149] The encoding device/decoding device may weighted-sum the first temporary
prediction sample and the second temporary prediction sample to drive a prediction sample of
the target sample (81250). The prediction sample may be derived as the sum of a value
obtained by multiplying a first weight o of the first temporary prediction sample to the first
temporary prediction sample and a value obtained by multiplying 1-o of the second
temporary prediction sample to the second temporary pfediction sample. The first weight
may be derived to be in inverse proportion to a distance between the target sample and the
reference samples as described above, and the second weight may be derived as a value
obtained by subtracting the first weight from the 1. Alternatively, the first weight and the
second weight used herein may be up-scaled in units of integers and derived in order to avoid
a decimal point calculation. The distance between the target sample and the reference
samples may be calculated based on a prediction angle of the intra-prediction mode of the
current block and a position of the target sample. Alternatively, a table regarding the size of
the block and the intra-prediction mode may be stored in advance and the distance between
the target sample and the reference samples may be derived with reference to the table.

[150] FIG. 13 schematically illustrates a video encoding method by an encoding device
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according to the present disclosure. The method disclosed in FIG. 13 may be performed by
the encoding device disclosed in FIG. 1. Specifically, for example, steps S1300 to S1340 of
FIG. 13 may be performed by the predictor of the encoding device and S1350 may be
performed by the entropy encoder of the encoding device.

[151] The encoding device determines an intra-prediction mode for the current block
(S1300). The encoding device may perform various intra-prediction modes to derive an
intra~-prediction mode having an optimal RD cost as an intra-prediction mode for the current
block. The intra-prediction mode may be one of two non-directional prediction modes and
33 directional prediction modes. As described above, the two non-directional prediction
modes may include an intra-DC mode and an intra-planar mode. Alternatively, the intra-
prediction mode may be one of two non-directional intra-prediction modes and 65 directional
intra-prediction modes. As described above, the two non-directional prediction modes may
include an intra-DC mode and an infra-planar mode. In addition, the 65 directional intra-
prediction modes may include vertical directional intra-prediction modes and horizontal
directional intra-prediction modes. The wvertical directional intra-prediction modes may
include intra-prediction mode #34 to intra-prediction mode #66, and the horizontal directional
intra-prediction modes may include intra-prediction mode #2 to intra-prediction mode #33.
[152] The encoding device derives neighboring samples including left neighboring samples
and upper neighboring samples of the current block (81310). The encoding device may
derive neighboring samples of the current block. The neighboring samples may include the
left neighboring samples and the upper neighboring samples. In addition, the neighboring
samples may include left upper samples. The left neighboring samples, the left upper
neighboring sample, and the upper neighboring samples may be derived from neighboring
blocks already reconstructed at the time of decoding the current block. 2N upper neighboring
samples, left upper neighboring samples, and 2N left neighboring samples of the current
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block may be derived. If the size of the current block is NxN and an x component of a top-
left sample of the current block is 0 and a y component thereof is 0, the left neighboring
samples may be p[-1][0] to p[-1][2N-1], the left upper neighboring sample may be p[-1][-1],
and the upper neighboring samples may be p[0][-1] to p[2N-1]{-1].

[153] Alternatively, when the size of the current block is MxN and the x component of the
top-left sample of the current block is 0 and the y component thereof is 0, M+N upper
neighboring samples, left upper neighboring samples, and M-N left neighboring samples of
the current block may be derived.. If the size of the current block has a non-square form of
MxN and the x component of the top-left sample of the current block is 0 and the y
component thereof is 0, the left neighboring samples may be p[-1]{0] to p[-1][M+N-1], the
left upper neighboring sample may be p[-1][-1], and the upper neighboring samples may be
pl01{-1] to p[M+N-1][-1].

[154] The encoding device derives reference samples for prediction of the target sample
among the neighboring samples based on the position of the target sample of the current
block and the prediction angle of the intra-prediction mode (S1320). The encoding device
may derive the position of the reference sample with respect to the target sample based on the
position of the target sample of the current block and the prediction angle of the intra-
prediction mode, and when the position of the reference sample is a fractional sample
position, the encoding device may derive neighboring samples located near the position
derived based on the position of the target sample of the current block and the prediction
angle of the intra-prediction mode as the reference samples of the target sample. That is, the
encoding device may derive a plurality of neighboring samples as the reference samples of
the target sample based on the position of the target sample of the current block and the
prediction angle of the intra-prediction mode. For example, four neighboring samples may
be derived as the reference samples of the target sample. Here, the target sample may
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represent a sample in a current block on which intra-prediction is performed. The prediction
angle of the intra-prediction mode may be derived based on Table 1 described above, and
intraPredAngle may be a variable indicating the prediction angle derived from the intra-
prediction mode.

[155] The encoding device determines an interpolation filter for the target sample (S1330).
The encoding device may determine the interpolation filter for the target sample based on the
size of the current block and/or the intra-prediction mode of the current block. Also, for
example, the interpolation filter may be determined when the position of the reference sample
is a fractional sample position, i. e., when a plurality of reference samples are derived.

[156] For example, the interpolation filter for the target sample may be determined based
on the size of the current block. For example, if the size of the current block is 4x4, a
sophisticated interpolation filter may be determined as the interpolation filter for the target
sample. Specifically, when the size of the current block is 4x4, a cubic filter may be
determined as the interpolation filter for the target sample. The cubic filter is one of the
sophisticated interpolation filters, and the cubic filter may be called a spline filter.

[157] If the current block is a square block, the width and the height are equal to each other.
That is, since the current block is a square block having the NxN size, a reference size (i.e.,
reference value) in selecting an inferpolation filter may be N for a directional intra-prediction
mode of any prediction direction. Meanwhile, if the current block is a non-square block,
that is, if the current block is a non-square block having the MxN size, when the intra-
prediction mode of the current block is an intra-prediction mode having vertical directionality,
a size of a reference block (i.e., the reference value) for selecting an interpolation filter may
be M. Similarly, if the current block is a non-square block having the MxN size and the
intra-prediction mode of the current block is the intra-prediction mode having horizontal
directionality, the size of the current block (i.e., the reference value ) as a reference for
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selecting an interpolation filter may be N.  Alternatively, conversely, if the current block is a
non-square block having the MxN size and the intra-prediction mode of the current block is
an intra-prediction mode having vertical directionality, the interpolation filter of the current
block may be selected based on N, and similarly, if the current block is a non-square block
5  having the MxN size and the intra-prediction mode of the current block is an intra-prediction
mode having horizontal directionality, the interpolation filter of the current block may be
selected based on M. However, in a specific example to be described later, when the intra-
prediction mode having vertical directionality is applied to the current block having the MxN
size, the size of the current block as a reference for selecting the imﬁrp‘oimiun ﬁltm;* may be
10  represented by M, and similarly, if the intra-prediction mode having horizontal directionality
is applied to the current block, the size of the current block may be represented by N.  Here,
when the intra-prediction mode includes 65 directional intra-prediction modes and two non-
directional intra-prediction modes, the intra-prediction mode having vertical directionality
may represent the intra-prediction modes #34 to #66 and the intra-prediction mode having

15  horizontal directionality may represent the intra-prediction modes #2 to #33.
[158] For example, it may be determined whether the size of the current block indicated by
the shape of the current block and the directionality of the intra-prediction mode is smaller
than a specific value. If the size of the current block is smaller than the specific value, a
sophisticated interpolation filter may be determined as an interpolation filter for the target
20 sample, and if the size of the current block is not smaller than the specific value, the
interpolation filter having a low-pass filter effect may be determined as the interpolation filter
for the target sample. Specifically, when the size of the current block is smaller than the
specific value, the cubic filter may be determined as the interpolation filter for the target
sample. If the size of the current block is not smaller than the specific value, the Gaussian
25  filter may be determined as the interpolation filter for the target sample. Alternatively, when
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the size of the current block is not smaller than the specific value, a linear filter may be
determined as the interpolation filter for the target sample. The interpolation filter having a
low-pass filter effect may include the Gaussian filter and the linear filter. Here, the specific
value may be set to 4, 8, 16, 32, or the like.

[159] Specifically, when the width and height of the current block are equal (i.e., when the
current block is a square block), it may be determined whether the width of the current block
is smaller than a specific value, and when the width of the current block is smaller than the
specific value, the interpolation filter for the target sample may be derived as a cubic filter for
the target sample, and when the width of the current block is not smaller than the specific
Value, the interpolation filter for the target sample may be derived as a Gaussian filter.

[160] In addition, when the width and height of the current block are different (that is,
when the current block is a non-square block) and the intra-prediction mode of the current
block is a directional intra-prediction mode having vertical directionality, it may be
determined whether the width of the current block is smaller than a specific value, When
the width of the current block is smaller than the specific value, the interpolation filter for the
target sample may be derived as a cubic filter, and when the width of the current block is not
smaller than the specific value, the interpolation filter for the target sample may be derived as
a Gaussian filter.

[161] In addition, when the width and height of the current block are different (that is,
when the current block is a non-square block) and the intra-prediction mode of the current
block is a directional intra-prediction mode having horizontal directionality, it may be
determined whether the height of the current block is smaller than a specific value. When
the height of the current block is smaller than the specific value, the interpolation filter for the
target sample may be derived as a cubic filter, and when the height of the current block is not
smaller than the specific value, the interpolation filter for the target sample may be derived as
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a Gaussian filter.

[162] In addition, when the width and height of the current block are different (that is,
when the current block is a non-square block) and the intra-prediction mode of the current
block is a directional intra-prediction mode having vertical directionality, it may be
determined whether the height of the current block is smaller than a specific value. When
the height of the current block is smaller than the specific value, the interpolation filter for the
target sample may be derived as a cubic filter, and when the height of the current block is not
smaller than the specific value, the interpolation filter for the target sample may be derived as
a Gaussian filter.

[163] In addition, when the width and height of the current block are different (that is,
when the current block is a non-square block) and the intra-prediction mode of the current
block is a directional intra-prediction mode having horizontal directionality, it may be
determined whether the width of the current block is smaller than a specific value. When
the width of the current block is smaller than the specific value, the interpolation filter for the
target sample may be derived as a cubic filter, and when the width of the current block is not
smaller than the specific value, the interpolation filter for the target sample may be derived as
a Gaussian filter.

[164] In another example, the interpolation filter for the target sample may be determined
based on an intra-prediction mode of the current block.

[165] For example, it may be determined whether the prediction angle of the intra-
prediction mode of the current block is smaller than a specific value. If the prediction angle
of the intra-prediction mode is smaller than the specific value, a sophisticated interpolation
filter may be determined as the interpolation filter for the target sample, and if the prediction
angle of the intra-prediction mode is not smaller than the specific value, the interpolation
filter having a low-pass filter effect may be determined as the interpolation filter for the target
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sample. Specifically, when the prediction angle of the intra-prediction mode is smaller than

the specific value, a cubic filter may be determined as the interpolation filter for the target

sample, and when the prediction angle of the intra-prediction mode is not smaller than the

specific value, a Gaussian filter may be determined as the interpolation filter for the target

5 sample. Alternatively, when the prediction angle of the intra-prediction mode is not smaller

than the specific value, a linear filter may be determined as the interpolation filter for the

target sample. The interpolation filter having a low-pass filter effect may include the

Gaussian filter and the linear filter. Here, the specific value may be set to 4, 8, 16, 32, or the

like. The prediction angle of the intra-prediction mode may be derived based on Table 1

10  described above and intraPredAngle may indicate the prediction angle of the intra-prediction
mode. Also, for example, the specific value may be set to 11.

[166] In another example, the interpolation filter for the target sample may be determined

based on the size of the current block and the intra-prediction mode. If the current block is a

square block, the width and the height are equal. If the current block is a square block, the

15  width and the height are equal to each other. That is, since the current block is a square

block having the NxN size, a reference size (i.e., reference value) in selecting an interpolation

filter may be N for a directional intra-prediction mode of any prediction direction.

Meanwhile, if the current block is a non-square block, that is, if the current block is a non-

square block having the MxN size, when the intra-prediction mode of the current block is an

20  intra-prediction mode having vertical directionality, a size of a reference block (i.e., the

reference value) for selecting an interpolation filter may be M. Similarly, if the current

block is a non-square block having the MxN size and the intra-prediction mode of the current

block is the intra-prediction mode having horizontal directionality, the size of the current

block (i.e., the reference value ) as a reference for selecting an interpolation filter may be N.

25  Alternatively, conversely, if the current block is a non-square block having the MxN size and
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the intra-prediction mode of the current block is an intra-prediction mode having vertical
directionality, the interpolation filter of the current block may be selected based on N, and
similarly, if the current block is a non-square block having the MxN size and the intra-
prediction mode of the current block is an intra-prediction mode having horizontal
5  directionality, the interpolation filter of the current block may be selected based on M.
However, in a specific example to be described later, when the intra-prediction mode having
vertical directionality is applied to the current block having the MxN size, the size of the
current block as a reference for selecting the interpolation filter may be represented by M,
and similarly, if the intra-prediction mode having horizontal directionality is applied to the

10  current block, the size of the current block may be represented by N. Here, when the intra-
prediction mode includes 65 directional intra-prediction modes and two non-directional intra-
prediction modes, the intra-prediction mode having vertical directionality may represent the
intra-prediction modes #34 to #66 and the intra-prediction mode having horizontal
directionality may represent the intra-prediction modes #2 to #33.

15 [167] For example, the encoding device may determine whether the size of the current
block is smaller than a first specific value, and when the size of the current block is not
smaller than the first specific value, the encoding device may determine an interpolation filter
having a low pass filter effect as the interpolation filter for the target sample. Specifically,
when the size of the current block is not smaller than the first specific value, the encoding

20  device may determine a Gaussian filter as the interpolation filter. Alternatively, when the
size of the current block is not smaller than the first specific value, the encoding device may
determine a linear filter as the interpolation filter.

[168] Specifically, when the width and height of the current block are equal to each other,
the encoding device may determine whether the width of the current block is smaller than a
25  first specific value. 'When the width of the current block is not smaller than the first specific
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value, the encoding device may determine the Gaussian filter or the linear filter as the

interpolation filter for the target sample.

[169] If the width and height of the current block are different from each other and the

intra-prediction mode of the current block is a directional intra-prediction mode having
5  vertical directionality, the encoding device may determine whether the width of the current

block is smaller than the first specific value. When the width of the current block is not

smaller than the first specific value, the encoding device may determine the Gaussian filter or

the linear filter as the interpolation filter for the target sample.

[170] If the width and height of the current block are different from each other and the

10  intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the encoding device may determine whether the height of the
current block is smaller than the first specific value. When the height of the current block is
not smaller than the first specific value, the encoding device may determine the Gaussian
filter or the linear filter as the interpolation filter for the target sample.

15 [171] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the encoding device may determine whether the height of the current
block is smaller than the first specific value. When the height of the current block is not
smaller than the first specific value, the encmding’device may determine the Gaussian filter or

20  the linear filter as the interpolation filter for the target sample.

[172] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the encoding device may determine whether the width of the current
block is smaller than the first specific value. When the width of the current block is not
25  smaller than the first specific value, the encoding device may determine the Gaussian filter or
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the linear filter as the interpolation filter for the target sample.

[173] If the size of the current block is smaller than the first specific value, the encoding
device may determine whether a prediction angle of the intra-prediction mode of the current
block is smaller than a second specific value. If the prediction angle of the intra-prediction
mode is smaller than a second specific value, the encoding device may determine a
sophisticated interpolation filter as an interpolation filter for the target sample. Specifically,
when the size of the current block is smaller than the first specific value, the encoding device
may determine a cubic filter as the interpolation filter.

[174] Specifically, when the width and the height of the current block are equal and the
width of the current block is smaller than the first specific value, the encoding device may
determine whether the prediction angle of the intra-prediction mode of the current block is
smaller than the second specific value, and when the prediction angle of the intra-prediction
mode is smaller than the second specific value, the encoding device may determine the cubic
filter as the interpolation filter.

[175] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the encoding device may determine whether the width of the current
block is smaller than the first specific value. If the width of the current block is smaller than
the first specific value, the encoding device may determine whether a prediction angle of the
intra-prediction mode of the current block is smaller than the second specific value. If the
prediction angle of the intra-prediction mode is smaller than the second specific value, the
encoding device may determine the cubic filter as the interpolation filter.1

[176] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the encoding device may determine whether the height of the
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current block is smaller than the first specific value. If the height of the current block is
smaller than the first specific value, the encoding device may determine whether the
prediction angle of the intra-prediction mode of the current block is smaller than the second
specific value have. If the prediction angle of the intra-prediction mode is smaller than the
5  second specific value, the encoding device may determine the cubic filter as the interpolation
filter.
[177] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical dirwtionality, the encoding device may dateﬁnirw whether the height of the ;;iurrem
10  block is smaller than the first specific value. If the height of the current block is smaller
than the first specific value, the encoding device may determine whether a prediction angle of
the intra-prediction mode of the current block is smaller than the second specific value. If
the prediction angle of the intra-prediction mode is smaller than the second specific value, the
encoding device may determine the cubic filter as the interpolation filter.1
15 [178] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the encoding device may determine whether the width of the current
block is smaller than the first specific value. If the width of the current block is smaller than
the first specific value, the encoding device may determine whether the prediction angle of
20  the intra-prediction mode of the current block is smaller than the second specific value have.
If the prediction angle of the intra-prediction mode is smaller than the second specific value,
the encoding device may determine the cubic filter as the interpolation filter.
[179] If the prediction angle of the intra-prediction mode is not smaller than the second
specific value, the encoding device may determine the interpolation filter having a low-pass
25 filter effect as the interpolation filter for the target sample. Specifically, if the prediction
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angle of the intra-prediction mode is not smaller than the second specific value, the encoding
device may determine the Gaussian filter as the interpolation filter. Alternatively, if the
prediction angle of the intra-prediction mode is not smaller than the second specific value, the
encoding device may determine the linear filter as the interpolation filter.

[180] Specifically, if the width and height of the current block are equal and the width of
the current block is smaller than the first specific value, the encoding device may determine
whether the prediction angle of the intra-prediction mode of the current block is smaller than
the specific value, and if the prediction angle of the intra-prediction mode is not smaller than
the second specific value, the encoding device may determine the Gaussian filltér or the linear
filter as the interpolation filter,

[181] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the encoding device may determine whether the width of the current
block is smaller than the first specific value. If the width of the current block is smaller than
the first specific value, the encoding device may determine whether a prediction angle of the
intra-prediction mode of the current block is smaller than the second specific value. If the
prediction angle of the intra-prediction mode is not smaller than the second specific value, the
encoding device may determine the Gaussian filter or the linear filter as the interpolation
filter.

[182] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the encoding device may determine whether the height of the
current block is smaller than the first specific value. If the height of the current block is
smaller than the first specific value, the encoding device may determine whether the

prediction angle of the intra-prediction mode of the current block is smaller than the second
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specific value have. If the prediction angle of the intra-prediction mode is not smaller than
the second specific value, the encoding device may determine the Gaussian filter or the linear
filter as the interpolation filter.
[183] If the width and height of the current block are different from each other and the
5 intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the encoding device may determine whether the height of the current
block is smaller than the first specific value. If the height of the current block is smaller
than the first specific value, the encoding device may determine whether a prediction angle of
the intra-prediction mode of the current block is smaller than the second specific value. If
10 the prediction angle of the intra-prediction mode is not smaller than the second specific value,
the encoding device may determine the Gaussian filter or the linear filter as the interpolation
filter.
[184] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
15  horizontal directionality, the encoding device may determine whether the width of the current
block is smaller than the first specific value. If the width of the current block is smaller than
the first specific value, the encoding device may determine whether the prediction angle of
the intra-prediction mode of the current block is not smaller than the second specific value
have. If the prediction angle of the intra-prediction mode is smaller than the second specific
20  value, the encoding device may determine the Gaussian filter or the linear filter as the
interpolation filter.
[185] In another example, the current block may be divided into a plurality of regions, and
an interpolation filter of each region may be determined based on a distance between each
region and neighboring samples of the current block. In this case, the interpolation filter for
25  the target sample may be derived as an interpolation filter of a region including the target
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sample. In addition, if the size of the current block is greater than or equal to a specific size,
the current block may be divided into a plurality of regions. Specifically, interpolation
filters for the regions closer to the neighboring samples of the current block than a specific
value, among the regions, may be determined as sophisticated interpolation filters and
interpolation filters for regions farther to the neighboring samples of the current block than
the specific value, among the regions, may be determined as interpolation filters having a low
pass filter effect.

[186] Meanwhile, the size of the plurality of regions divided from the current block may be
previously set. Alternatively, the size of the plurality of regions may be derived based on
the size of the current block, an intra-prediction mode, or the like. For example, in case that
the intra-prediction mode of the current block is one of the intra-prediction modes #35 to #66,
the size of the divided regions of the current block may be derived as a 4x4 size. Here, if
the current block is a block having a 16x16 size, the current block may be divided into
regions having a 4x4 size, a sophisticated interpolation filter may be determined as the
interpolation filter for regions from #0 to #7 on a raster scan order and the interpolation filter
having a low-pass filter effect may be determined as the interpolation filters for the other
regions. For example, interpolation filters for the regions #0 to #7 on the raster scan order,
among the regions, may be determined as the cubic filters, and interpolation filters for the
other regions may be determined as the Gaussian filters or linear filters. Here, numbers of
the 16 regions having the 4x4 size according to the raster scan order may be sequentially
derived in order from an upper row to a lower row and sequentially derived in order from the
left to the right in each row. That is, regions included in a first row among the 16 regions
having the 4x4 size of the current block may be represented as region #0, region #1, region
#2,and region #3 in order from the left to the right, regions included in the second row may
be represented as region #4, region #5, region #6, and region #7 in order from the left to the
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right, regions included in the third row may be represented as region #8, region #9, region
#10, and region #11 in order from the left and right, and regions included in the fourth row
may be represented as region #12, region #13, region #14, and region #15 in order from the
left to the right. Meanwhile, sizes of the divided regions of the current block and
information indicating the interpolation filter for each of the regions may be generated.

[187] In another example, the interpolation filter for the target sample may be determined
based on a distance between the target sample and the reference samples. The distance
between the target sample and the reference samples may be derived based on the position of
the target sample and the prediction angle of the intra-prediction mode of the current block.
For example, the distance may be calculated based on the position of the target sample and a
trigonometric function value (e.g., tanf) according to the prediction angle of the intra-
prediction mode. Alternatively, the distance may be derived based on a predefined table for
the size of the block and the intra-prediction mode. Alternatively, the distance between the
target sample and the reference samples may indicate a vertical distance or a horizontal
distance. That is, the distance between the target sample and the reference samples may be
derived based on the vertical distance or the distance between the target sample and the
reference samples may be derived based on the horizontal distance. For example, if the
distance between the target sample and the reference samples indicates a vertical distance, the
distance may be derived based on a y component of the target sample. Also, if the distance
between the target sample and the reference samples indicates a horizontal distance, the
distance may be derived based on an x component of the target sample.

[188] For example, the encoding device may derive the distance between the target sample
and the reference samples and determine whether the distance is smaller than a specific value.
If the distance is smaller than the specific value, the encoding device may determine a
sophisticated interpolation filter as the interpolation filter for the target sample, and if the
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distance is not smaller than the specific value, the encoding device may determine the
interpolation filter having a low pass filter effect as an interpolation filter for the target
sample. Specifically, if the distance is smaller than the specific value, the encoding device
may determine a cubic filter as the interpolation filter for the target sample, and if the
distance is not smaller than the specific value, the encoding device may determine A
Gaussian filter or a linear filter as the interpolation filter for the target sample. The specific
value may be derived based on the size of the current block. Alternatively, the specific
value may be derived based on the intra-prediction mode of the current block, whether the
current block is a square/non-square block, or the like. For example, when the size of the
current block is NxN, the specific value may be derived as N/2.  Further, information on the
specific value may be generated and entropy-encoded and transmitted.

[189] In another example, a plurality of interpolation filters may be determined as the
interpolations filter for the target sample. For example, the interpolation filters for the target
sample may include one of sophisticated interpolation filters and one of interpolation filters
having a low-pass filter effect. Alternatively, the interpolation filters for the target sample
may include one of the sophisticated interpolation filters and two of the interpolation filters
having a low-pass filter effect. Alternatively, the interpolation filters for the target sample
may include two of sophisticated interpolation filters and one of interpolation filters having a
low-pass filter effect. Specifically, the interpolation filters for the target sample may include
a cubic filter and a Gaussian filter.

[190] The encoding device derives a prediction sample of the target sample based on the
interpolation filter and the reference samples (S1340). The encoding device may derive
filter coefficients of the interpolation filter based on the position of the target sample and the
prediction angle of the intra-prediction mode and derive the prediction sample of the target
sample based on the filter coefficients and the reference samples. For example, four
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neighboring samples among the neighboring samples of the current block may be derived as
the reference samples, and four filter coefficients of the interpolation filter may be derived.
The encoding device may interpolate the reference samples based on the filter coefficients to
derive the prediction sample. The prediction sample may be derived based on Equation 1
described above,

[191] Further, when a plurality of interpolation filters are determined as the interpolation
filters for the target sample, the encoding device may derive (temporary) prediction samples
based on each interpolation filter and derive the prediction sample of the target sample based
on the derived (temporary) prediction sample. For example, the prediction sample of the
target sample may be derived by averaging the (temporal) prediction samples or may be
derived by weighted-summing the (temporal) prediction samples. Meanwhile, whether a
plurality of interpolation filters are determined as the interpolation filter for the target sample
may be derived based on the size of the current block, an intra-prediction mode of the current
block, a variance of neighboring sample values of the current block, and the like. In
addition, a flag indicating whether a plurality of interpolation filters are determined as the
interpolation filters for the target sample may be generated.

[192] For example, the interpolation filters for the target sample may include a cubic filter
and a Gaussian filter. In this case, the encoding device may derive filter coefficients of the
cubic filter based on the position of the target sample and the prediction angle of the intra-
prediction mode and may derive filter coefficients of the Gaussian filter based on the position
of the target sample and the prediction angle of the intra-prediction mode. The encoding
device may derive a first prediction sample for the target sample based on the filter
coefficients of the cubic filter and the reference samples, derive a second prediction sample
for the target sample based on the filter coefficients of the Gaussian filter and the reference
samples, and derive the prediction sample of the target sample based on the first prediction
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sample and the second prediction sample. The prediction sample of the target sample may
be derived by averaging the first prediction sample and the second prediction sample.
Alternatively, the prediction sample of the target sample may be derived by weighted-
summing the first prediction sample and the second prediction sample. In this case, a
weight for the first prediction sample may be in inverse proportion to the distance between
the target sample and the reference samples and a weight for the second prediction sample
may be derived as a value obtained by subtracting the weight for the first prediction sample
from 1. Alternatively, the first weight and the second weight used here may be up-scaled in
units of integers and derived to avoid a decimal point calculation.

[193] Also, for example, the interpolation filters for the target sample may include a cubic
filter and a linear filter. In this case, the encoding device may derive filter coefficients of the
cubic filter based on the position of the reference sample and may derive filter coefficients of
the linear filter based on the position of the reference sample. The encoding device may
derive a first prediction sample for the target sample based on the filter coefficients of the
cubic filter and the reference samples, derive a second prediction sample for the target sample
based on the filter coefficients of the linear filter and the reference samples, and derive the
prediction sample of the target sample based on the first prediction sample and the second
prediction sample. The prediction sample of the target sample may be derived by averaging
the first prediction sample and the second prediction sample. Alternatively, the prediction
sample of the target sample may be derived by weighted-summing the first prediction sample
and the second prediction sample. In this case, a weight for the first prediction sample may
be in inverse proportion to the distance between the target sample and the reference samples
and a weight for the second prediction sample may be derived as a value obtained by
subtracting the weight for the first prediction sample from 1. Alternatively, the first weight
and the second weight used here may be up-scaled in units of integers and derived to avoid a
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decimal point calculation.

[194] In another example, if an MPM (most probable mode) mode is applied to the current
block to derive an intra-prediction mode of the current block based on an intra-prediction
mode of a neighboring block of the current block and the intra-prediction mode of the current
block is a directional intra-prediction mode, rather than a planar mode or a DC mode, an
interpolation filter for the target sample may be determined based on the neighboring blocks
selected through the neighboring MPM mode. That is, the interpolation filter used in the
neighboring block may be derived as an interpolation filter for the target sample. If the
MPM mode is applied to the current block, the encoding device may determine an MPM list
based on an intra-prediction mode for a left or upper neighboring block of the current block
and determine the intra-prediction mode based on the MPM list.

[195] The encoding device generates prediction information for the current block, encodes
the prediction information, and outputs the encoded prediction information (S1350). The
encoding device may encode the prediction information for the current block and output the
encoded information in the form of a bitstream. The prediction information may include
information on the intra-prediction mode of the current block. The encoding device may
generate information on the intra-prediction mode indicating the intra-prediction mode,
encodes the intra-prediction mode information, and output the information in the form of a
bitstream. The intra-prediction mode information may include information directly
indicating an intra-prediction mode for the current block or may include information
indicating any one candidate in an infra prediction mode candidate list derived based on an
intra-prediction mode of a left or upper block of the current block. The intra-prediction
mode candidate list may indicate the MPM list.

[196] In addition, when the current block is divided into a plurality of regions, the
prediction information may include information indicaﬁng a size of the divided regions of the
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current block and an interpolation filter of each region. In addition, when the interpolation
filter for the target sample is selected based on the size of the current block, the intra-
prediction mode of the current block, or the distance between the target sample and the
reference samples, the prediction information may include information regarding the specific
value used for selecting the interpolation filter for the target sample. 'When the interpolation
filter is selected based on the size of the current block and the intra-prediction mode of the
current block, the prediction information may include information regarding a first specific
value and information regarding a second specific value. Also, the prediction information
may include a flag indicating whether a plurality of interpolation filters are determined as the
interpolation filters for the target sample. When the flag indicates that a plurality of
interpolation filters are determined as the interpolation filters for the target sample, a
prediction sample for the target sample may be derived based on the plurality of interpolation
filters, and when the flag indicates that a plurality of interpolation filters are not determined
as the interpolation filters for the target sample, a prediction sample for the target sample may
not be derived based on the plurality of interpolation filters. For example, when a value of
the flag is 1, the flag may indicate that a plurality of interpolation filters are determined as the
interpolation filters for the target sample, and when the value of the flag is 0, the flag may
indicate that a plurality of interpolation filters are not determined as the inferpolation filters
for the target sample. The prediction information may be signaled through a video
parameter set (VPS), a sequence parameter set (SPS), a picture parameter set (PPS), or a slice
segment header or may be signaled on a block basis.

[197] FIG. 14 schematically illustrates a video decoding method by a decoding device
according to the present disclosure. The method disclosed in FIG. 14 may be performed by
the decoding device disclosed in FIG. 4. Specifically, for example, steps S1400 to S1440 of
FIG. 14 may be performed by the predictor of the decoding device.
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[198] The decoding device derives an intra-prediction mode for the current block (S1400).
The decoding device may obtain prediction information on the current block through a
bitstream. The prediction information may include information directly indicating an intra-
prediction mode for the current block or include information indicating any6 one of
candidates on an intra-prediction mode candidate list derived based on an intra-prediction
mode of a left or upper block of the current block. The intra-prediction mode candidate list
may be referred to as an MPM candidate list. The decoding device may derive an intra-
prediction mode for the current block based on the obtained prediction information. The
intra-prediction mode may be one of two non-directional prediction modes and 33 directional
prediction modes. As described above, the two non-directional prediction modes may
include an intra-DC mode and an intra-planar mode. Alternatively, the intra-prediction
mode may be one of two non-directional intra-prediction modes and 65 directional intra-
prediction modes. As described above, the two non-directional prediction modes may
include an intra-DC mode and an intra-planar mode. In addition, the 65 directional intra-
prediction modes may include vertical directional intra-prediction modes and horizontal
directional intra-prediction modes. The wvertical directional intra-prediction modes may
include intra-prediction mode #34 to intra-prediction mode #66, and the horizontal directional
intra-prediction modes may include infra-prediction mode #2 to intra-prediction mode #33.

[199] The decoding device derives neighboring samples including left neighboring samples
and upper neighboring samples of the current block (81410), The decoding device may
derive neighboring samples of the current block, The neighboring samples may include the
left neighboring samples and the upper neighboring samples. In addition, the neighboring
samples may include left upper samples. The left neighboring samples, the left upper
neighboring sample, and the upper neighboring samples may be derived from neighboring
blocks already reconstructed at the time of decoding the current block. 2N upper neighboring
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samples, left upper neighboring samples, and 2N left neighboring samples of the current
block may be derived. If the size of the current block is NxN and an x component of a top-
left sample of the current block is 0 and a y component thereof is 0, the left neighboring
samples may be p[-1][0] to p[-1]{2N-1], the left upper neighboring sample may be p[-1][-1],
and the upper neighboring samples may be p[0][-1] to p[2N-1][-1].

[200] Alternatively, when the size of the current block is MxN and the x component of the
top-left sample of the current block is 0 and the y component thereof is 0, M+N upper
neighboring samples, left upper neighboring samples, and M-N left neighboring samples of
the current block may be derived.. If the sizé of the current block has a non-square form of
MxN and the x component of the top-left sample of the current block is 0 and the y
component thereof is 0, the left neighboring samples may be p[-1][0] to p[-1][M+N-1], the
left upper neighboring sample may be p[-1][-1], and the upper neighboring samples may be
p[0][-1] to p[M-+N-1][-1].

[201] The decoding device derives reference samples for prediction of the target sample
among the neighboring samples based on the position of the target sample of the current
block and the prediction angle of the intra-prediction mode (5§1420). The decoding device
may derive the position of the reference sample with respect to the target sample based on the
position of the target sample of the current block and the prediction angle of the intra-
prediction mode, and when the position of the reference sample is a fractional sample
position, the decoding device may derive neighboring samples located near the position
derived based on the position of the target sample of the current block and the prediction
angle of the intra-prediction mode as the reference samples of the target sample. That is, the
decoding device may derive a plurality of neighboring samples as the reference samples of
the target sample based on the position of the target sample of the current block and the
prediction angle of the intra-prediction mode. For example, four neighboring samples may

65

Date regue / Date received 2021-12-14




10

15

20

25

be derived as the reference samples of the target sample. Here, the target sample may
represent a sample in a current block on which intra-prediction is performed. The prediction
angle of the intra-prediction mode may be derived based on Table 1 described above, and
intraPredAngle may be a variable indicating the prediction angle derived from the intra-
prediction mode.

[202] The decoding device determines an interpolation filter for the target sample (S1430).
The decoding device may determine the interpolation filter for the target sample based on the
size of the current block and/or the intra-prediction mode of the current block. Also, for
example, the interpolation filter may be determined when the position of the reference sample
is a fractional sample position.

[203] For example, the interpolation filter for the target sample may be determined based
on the size of the current block. For example, if the size of the current block is 4x4, a
sophisticated interpolation filter may be determined as the interpolation filter for the target
sample. Specifically, when the size of the current block is 4x4, a cubic filter may be
determined as the interpolation filter for the target sample. The cubic filter is one of the
sophisticated interpolation filters, and the cubic filter may be called a spline filter.

[204] Also, if the current block is a square block, the width and the height are equal to each
other. That is, since the current block is a square block having the NxN size, a reference
size (i.e., reference value) in selecting an interpolation filter may be N for a directional intra-
prediction mode of any prediction direction. Meanwhile, if the current block is a non-square
block, that is, if the current block is a non-square block having the MxN size, when the intra-
prediction mode of the current block is an intra-prediction mode having vertical directionality,
a size of a reference block (i.e., the reference value) for selecting an interpolation filter may
be M. Similarly, if the current block is a non-square block having the MxN size and the
intra-prediction mode of the current block is the intra-prediction mode having horizontal
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directionality, the size of the current block (i.e., the reference value ) as a reference for
selecting an interpolation filter may be N,  Alternatively, conversely, if the current block is a
non-square block having the MxN size and the intra-prediction mode of the current block is
an intra-prediction mode having vertical directionality, the interpolation filter of the current
block may be selected based on N, and similarly, if the current block is a non-square block
having the MxN size and the intra-prediction mode of the current block is an intra-prediction
mode having horizontal directionality, the interpolation filter of the current block may be
selected based on M. However, in a specific example to be described later, when the intra-
prediction mode having vertical directionality is applied to the current block having the MxN
size, the size of the current block as a reference for selecting the interpolation filter may be
represented by M, and similarly, if the intra-prediction mode having horizontal directionality
is applied to the current block, the size of the current block may be represented by N. Here,
when the intra-prediction mode includes 65 directional intra-prediction modes and two non-
directional intra-prediction modes, the intra-prediction mode having vertical directionality
may represent the intra-prediction modes #34 to #66 and the intra-prediction mode having
horizontal directionality may represent the intra-prediction modes #2 to #33.

[205] Also, for example, it may be determined whether the size of the current block
indicated by the shape of the current block and the directionality of the intra-prediction mode
is smaller than a specific value. If the size of the current block is smaller than the specific
value, a sophisticated interpolation filter may be determined as an interpolation filter for the
target sample, and if the size of the current block is not smaller than the specific value, the
interpolation filter having a low-pass filter effect may be determined as the interpolation filter
for the target sample. Specifically, when the size of the current block is smaller than the
specific value, the cubic filter may be determined as the interpolation filter for the target

sample. If the size of the current block is not smaller than the specific value, the Gaussian
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filter may be determined as the interpolation filter for the target sample. Alternatively, when
the size of the current block is not smaller than the specific value, a linear filter may be
determined as the interpolation filter for the target sample. The interpolation filter having a
low-pass filter effect may include the Gaussian filter and the linear filter. Here, the specific
value may be set to 4, 8, 16, 32, or the like. Also, the prediction information for the current
block may include information on the specific value. In this case, the specific value may be
derived based on the information on the specific value.

[206] Specifically, when the width and height of the current block are equal in size (i.e.,
when the current block is a square block), it may be determined whether the width of the
current block is smaller than a specific value, and when the width of the current block is
smaller than the specific value, the interpolation filter for the target sample may be derived as
a cubic filter for the target sample, and when the width of the current block is not smaller
than the specific Value, the interpolation filter for the target sample may be derived as a
Gaussian filter.

[207] In addition, when the width and height of the current block are different (that is,
when the current block is a non-square block) and the intra-prediction mode of the current
block is a directional intra-prediction mode having vertical directionality, it may be
determined whether the width of the current block is smaller than a specific value. When
the width of the current block is smaller than the specific value, the interpolation filter for the
target sample may be derived as a cubic filter, and when the width of the current block is not
smaller than the specific value, the interpolation filter for the target sample may be derived as
a Gaussian filter.

[208] In addition, when the width and height of the current block are different (that is,
when the current block is a non-square block) and the intra-prediction mode of the current
block is a directional intra-prediction mode having horizontal directionality, it may be
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determined whether the height of the current block is smaller than a specific value. When
the height of the current block is smaller than the specific value, the interpolation filter for the
target sample may be derived as a cubic filter, and when the height of the current block is not
smaller than the specific value, the interpolation filter for the target sample may be derived as
a Gaussian filter.

[209] In addition, when the width and height of the current block are different (that is,
when the current block is a non-square block) and the intra-prediction mode of the current
block is a directional intra-prediction mode having vertical directionality, it may be
determined wheth\er the height of the current block is smaller than a specific value. When
the height of the current block is smaller than the specific value, the interpolation filter for the
target sample may be derived as a cubic filter, and when the height of the current block is not
smaller than the specific value, the interpolation filter for the target sample may be derived as
a Gaussian filter.

[210] In addition, when the width and height of the current block are different (that is,
when the current block is a non-square block) and the intra-prediction mode of the current
block is a directional intra-prediction mode having horizontal directionality, it may be
determined whether the width of the current block is smaller than a specific value. 'When
the width of the current block is smaller than the specific value, the interpolation filter for the
target sample may be derived as a cubic filter, and when the width of the current block is not
smaller than the specific value, the interpolation filter for the target sample may be derived as
a Gaussian filter.

[211] In another example, the interpolation filter for the target sample may be determined
based on an intra-prediction mode of the current block.

[212] For example, it may be determined whether the prediction angle of the intra-
prediction mode of the current block is smaller than a specific value. If the prediction angle
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of the intra-prediction mode is smaller than the specific value, a sophisticated interpolation
filter may be determined as the interpolation filter for the target sample, and if the prediction
angle of the intra-prediction mode is not smaller than the specific value, the interpolation
filter having a low-pass filter effect may be determined as the interpolation filter for the target
sample. Specifically, when the prediction angle of the intra-prediction mode is smaller than
the specific value, a cubic filter may be determined as the interpolation filter for the target
sample, and when the prediction angle of the intra-prediction mode is not smaller than the
specific value, a Gaussian filter may be determined as the interpolation filter for the target
sample. Alternatively, when the prediction angle of the intra-prediction mode is not smaller
than the specific value, a linear filter may be determined as the interpolation filter for the
target sample. The interpolation filter having a low-pass filter effect may include the
Gaussian filter and the linear filter. Here, the specific value may be set to 4, 8, 16, 32, or the
like. The prediction angle of the intra-prediction mode may be derived based on Table 1
described above and intraPredAngle may indicate the prediction angle of the intra-prediction
mode. Also, for example, the specific value may be set to 11. Also, the prediction
information for the current block may include information on the specific value. In this case,
the specific value may be derived based on the information on the specific value,

[213] In another example, the interpolation filter for the target sample may be determined
based on the size of the current block and the intra-prediction mode.

[214] For example, the decoding device may determine whether the size of the current
block is smaller than a first specific value, and when the size of the current block is not
smaller than the first specific value, the decoding device may determine an interpolation filter
having a low pass filter effect as the interpolation filter for the target sample. Specifically,
when the size of the current block is not smaller than the first specific value, the decoding

device may determine a Gaussian filter as the interpolation filter. Alternatively, when the
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size of the current block is not smaller than the first specific value, the decoding device may
determine a linear filter as the interpolation filter.

[215] Specifically, when the width and height of the current block are equal to each other,
the decoding device may determine whether the width of the current block is smaller than a
first specific value. When the width of the current block is not smaller than the first specific
value, the decoding device may determine the Gaussian filter or the linear filter as the
interpolation filter for the target sample.

[216] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the decoding device may determine whether the width of the current
block is smaller than the first specific value. When the width of the current block is not
smaller than the first specific value, the decoding device may determine the Gaussian filter or
the linear filter as the interpolation filter for the target sample.

[217] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the decoding device may determine whether the height of the
current block is smaller than the first specific value. 'When the height of the current block is
not smaller than the first specific value, the decoding device may determine the Gaussian
filter or the linear filter as the interpolation filter for the target sample.

[218] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the decoding devic‘;: may determine whether the height of the current
block is smaller than the first specific value. "When the height of the current block is not
smaller than the first specific value, the decoding device may determine the Gaussian filter or
the linear filter as the interpolation filter for the target sample.
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[219] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the decoding device may determine whether the width of the current
block is smaller than the first specific value. When the width of the current block is not
smaller than the first specific value, the decoding device may determine the Gaussian filter or
the linear filter as the interpolation filter for the target sample.

[220] If the size of the current block is smaller than the first specific value, the decoding
device may determine whether a prediction angle of the intra-prediction mode of the current
block is smaller than a second specific value. If the prediction angle of the intra-prediction
mode is smaller than a second specific value, the decoding device may determine a
sophisticated interpolation filter as an interpolation filter for the target sample. Specifically,
when the prediction angle of the intra-prediction mode is smaller than the second specific
value, the decoding device may determine a cubic filter as the interpolation filter.

[221] Specifically, when the width and the height of the current block are equal and the
width of the current block is smaller than the first specific value, the decoding device may
determine whether the prediction angle of the intra-prediction mode of the current block is
smaller than the second specific value, and when the prediction angle of the intra-prediction
mode is smaller than the second specific value, the decoding device may determine the cubic
filter as the interpolation filter.

[222] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the decoding device may determine whether the width of the current
block is smaller than the first specific value. If the width of the current block is smaller than
the first specific value, the decoding device may determine whether a prediction angle of the
intra-prediction mode of the current block is smaller than the second specific value. If the
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prediction angle of the intra-prediction mode is smaller than the second specific value, the
decoding device may determine the cubic filter as the interpolation filter.

[223] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the decoding device may determine whether the height of the
current block is smaller than the first specific value. If the height of the current block is
smaller than the first specific value, the decoding device may determine whether the
prediction angle of the intra-prediction mode of the current block is smaller than the second
specific value have. If the prediction angle of the intra-prediction mode is smaller than the
second specific value, the decoding device may determine the cubic filter as the interpolation
filter.

[224] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the decoding device may determine whether the height of the current
block is smaller than the first specific value. If the height of the current block is smaller
than the first specific value, the decoding device may determine whether a prediction angle of
the intra-prediction mode of the current block is smaller than the second specific value. If
the prediction angle of the intra-prediction mode is smaller than the second specific value, the
decoding device may determine the cubic filter as the interpolation filter.

[225] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the decoding device may determine whether the width of the current
block is smaller than the first specific value, If the width of the current block is smaller than
the first specific value, the decoding device may determine whether the prediction angle of
the intra-prediction mode of the current block is smaller than the second specific value have.
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If the prediction angle of the intra-prediction mode is smaller than the second specific value,
the decoding device may determine the cubic filter as the interpolation filter.

[226] If the prediction angle of the intra-prediction mode is not smaller than the second
specific value, the decoding device may determine the interpolation filter having a low-pass
filter effect as the interpolation filter for the target sample. Specifically, if the prediction
angle of the intra-prediction mode is not smaller than the second specific value, the decoding
device may determine the Gaussian filter as the interpolation filter. Alternatively, if the
prediction angle of the intra-prediction mode is not smaller than the second specific value, the
decoding device may determine the linear filter as the interpolation filter.

[227] Specifically, if the width and height of the current block are equal and the width of
the current block is smaller than the first specific value, the decoding device may determine
whether the prediction angle of the intra-prediction mode of the current block is smaller than
the specific value, and if the prediction angle of the intra-prediction mode is not smaller than
the second specific value, the decoding device may determine the Gaussian filter or the linear
filter as the interpolation filter.

[228] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the decoding device may determine whether the width of the current
block is smaller than the first specific value. If the width of the current block is smaller than
the first specific value, the decoding device may determine whether a prediction angle of the
intra-prediction mode of the current block is smaller than the second specific value. If the
prediction angle of the intra-prediction mode is not smaller than the second specific value, the
decoding device may determine the Gaussian filter or the linear filter as the interpolation
filter.

[229] If the width and height of the current block are different from each other and the
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intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the decoding device may determine whether the height of the
current block is smaller than the first specific value. If the height of the current block is
smaller than the first specific value, the decoding device may determine whether the
prediction angle of the intra-prediction mode of the current block is smaller than the second
specific value have. If the prediction angle of the intra-prediction mode is not smaller than
the second specific value, the decoding device may determine the Gaussian filter or the linear
filter as the interpolation filter.

[230] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
vertical directionality, the decoding device may determine whether the height of the current
block is smaller than the first specific value. If the height of the current block is smaller
than the first specific value, the decoding device may determine whether a prediction angle of
the intra-prediction mode of the current block is smaller than the second specific value. If
the prediction angle of the intra-prediction mode is not smaller than the second specific value,
the decoding device may determine the Gaussian filter or the linear filter as the interpolation
filter.

[231] If the width and height of the current block are different from each other and the
intra-prediction mode of the current block is a directional intra-prediction mode having
horizontal directionality, the decoding device may determine whether the width of the current
block is smaller than the first specific value. If the width of the current block is smaller than
the first specific value, the decoding device may determine whether the prediction angle of
the intra-prediction mode of the current block is not smaller than the second specific value
have. If the prediction angle of the intra-prediction mode is smaller than the second specific
value, the decoding device may determine the Gaussian filter or the linear filter as the
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interpolation filter.

[232] Meanwhile, the prediction information for the current block may include information
regarding the first specific value and information regarding the second specific value. In
this case, the first specific value may be derived based on the information regarding the first
specific value and the second specific value may be derived based on the information
regarding the second specific value. Alternatively, the first specific value and the second
specific value may be derived based on preset values.

[233] In another example, the current block may be divided into a plurality of regions, and
an interpolation filter of each region may be detf:nnined hased on a distance between each
region and neighboring samples of the current block. In this case, the interpolation filter for
the target sample may be derived as an interpolation filter of a region including the target
sample. In addition, if the size of the current block is greater than or equal to a specific size,
the current block may be divided into a plurality of regions. Specifically, interpolation
filters for the regions closer to the neighboring samples of the current block than a specific
value, among the regions, may be determined as sophisticated interpolation filters and
interpolation filters for regions farther to the neighboring samples of the current block than
the specific value, among the regions, may be determined as interpolation filters having a low
pass filter effect.

[234] Meanwhile, the size of the plurality of regions divided from the current block may be
preset.  Alternatively, the size of the plurality of regions may be derived based on the size of
the current block, an intra-prediction mode, or the like, For example, in case that the intra-
prediction mode of the current block is one of the intra-prediction modes #35 to #66, the size
of the divided regions of the current block may be derived as a 4x4 size. Here, if the current
block is a block having a 16x16 size, the current block may be divided into regions having a
4x4 size, a sophisticated interpolation filter may be determined as the interpolation filter for
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regions from #0 to #7 on a raster scan order and the interpolation filter having a low-pass
filter effect may be determined as the interpolation filters for the other regions. For example,
interpolation filters for the regions #0 to #7 on the raster scan order, among the regions, may
be determined as the cubic filters, and interpolation filters for the other regions may be
5  determined as the Gaussian filters or linear filters. Here, numbers of the 16 regions having
the 4x4 size according to the raster scan order may be sequentially derived in order from an
upper row to a lower row and sequentially derived in order from the left to the right in each
row. That is, regions included in a first row among the 16 regions having the 4x4 size of the
current block may be represented as region #0, region #1, region #2,and region #3 in order
10 from the left to the right, regions included in the second row may be represented as region #4,
region #5, region #6, and region #7 in order from the left to the right, regions included in the
third row may be represented as region #8, region #9, region #10, and region #11 in order
from the left and right, and regions included in the fourth row may be represented as region
#12, region #13, region #14, and region #15 in order from the left to the right. Meanwhile,
15  prediction information for the current block may be received, and the prediction information
may include information indicating a size of each of the divided regions of the current block
and information indicating an interpolation filter of each region. In this case, the sizes of the
divided regions of the current block and the interpolation filters for the respective regions
may be derived based on information indicating sizes of the divided regions of the current

20 block and information indicating the interpolation filters of the respective regions.
[235] In another example, the interpolation filter for the target sample may be determined
based on a distance between the target sample and the reference samples. The distance
between the target sample and the reference samples may be derived based on the position of
the target sample and the prediction angle of the intra-prediction mode of the current block.
25  For example, the distance may be calculated based on the position of the target sample and a
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trigonometric function value (e.g., tan8) according to the prediction angle of the intra-
prediction mode. Alternatively, the distance may be derived based on a predefined table for
the size of the block and the intra-prediction mode. Alternatively, the distance between the
target sample and the reference samples may indicate a vertical distance or a horizontal
distance. If the distance between the target sample and the reference samples indicates a
vertical distance, the distance may be derived based on a y component of the target sample.
Also, if the distance between the target sample and the reference samples indicates a
horizontal distance, the distance may be derived based on an x component of the target
sample.

[236] For example, the decoding device may derive the distance between the target sample
and the reference samples and determine whether the distance is smaller than a specific value.
If the distance is smaller than the specific value, the decoding device may determine a
sophisticated interpolation filter as the interpolation filter for the target sample, and if the
distance is not smaller than the specific value, the decoding device may determine the
interpolation filter having a low pass filter effect as an interpolation filter for the target
sample. Specifically, if the distance is smaller than the specific value, the decoding device
may determine a cubic filter as the interpolation filter for the target sample, and if the
distance is not smaller than the specific value, the decoding device may determine A
Gaussian filter or a linear filter as the interpolation filter for the target sample. The specific
value may be derived based on the size of the current block. Alternatively, the specific
value may be derived based on the intra-prediction mode of the current block, whether the
current block is a square/mon-square block, or the like. For example, when the size of the
current block is NxN, the specific value may be derived as N/2. Also, prediction
information for the current block may be received, and the prediction information may
include information regarding the specific value. In this case, the specific value may be
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derived based on the information regarding the specific value.
[237] In another example, a plurality of interpolation filters may be determined as the

interpolation filters for the target sample. For example, the interpolation filters for the target

- sample may include one of sophisticated interpolation filters and one of interpolation filters

having a low-pass filter effect. Alternatively, the interpolation filters for the target sample
may include one of the sophisticated interpolation filters and two of the interpolation filters
having a low-pass filter effect. Alternatively, the interpolation filters for the target sample
may include two of sophisticated interpolation filters and one of interpolation filters having a
low-pass filter effect. Specifically, the interpolation filters for the target sample may include
a cubic filter and a Gaussian filter. Meanwhile, prediction information for the current block
may be received, and the prediction information may include a flag indicating whether a
plurality of interpolation filters are determined as the interpolation filters for the target sample.
Whether the plurality of interpolation filters are determined may be determined based on the
flag. For example, when the flag indicates that a plurality of interpolation filters are
determined as the interpolation filters for the target sample, the prediction sample for the
target sample may be derived based on the plurality of interpolation filters, and when the flag
indicates that a plurality of interpolation filters are not determined as the interpolation filters
for the target sample, the prediction sample for the target sample may not be derived based on
the plurality of interpolation filters. For example, when a value of the flag is 1, the flag may
indicate that a plurality of interpolation filters are determined as the interpolation filters for
the target sample, and when the value of the flag is 0, the flag may indicate that a plurality of
interpolation filters are not determined as the interpolation filters for the target sample.

[238] The decoding device derives a prediction sample of the target sample based on the
interpolation filter and the reference samples (S1440). The decoding device may derive
filter coefficients of the interpolation filter based on the position of the target sample and the
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prediction angle of the intra-prediction mode and derive the prediction sample of the target
sample based on the filter coefficients and the reference samples. For example, four
neighboring samples among the neighboring samples of the current block may be derived as
the reference samples, and four filter coefficients of the interpolation filter may be derived.
The decoding device may interpolate the reference samples based on the filter coefficients to
derive the prediction sample. The prediction sample may be derived based on Equation 1
described above.

[239] Further, when a plurality of interpolation filters are determined as the interpolation
filters for the target sample, the decoding device may derive (temporary) prediction samples
based on each interpolation filter and derive the prediction sample of the target sample based
on the derived (temporary) prediction sample. For example, the prediction sample of the
target sample may be derived by averaging the (temporal) prediction samples or may be
derived by weighted-summing the (temporal) prediction samples. Whether a plurality of
interpolation filters are determined as the interpolation filter for the target sample may be
derived based on the size of the current block, an intra-prediction mode of the current block, a
variance of neighboring sample values of the current block, and the like. In addition, a flag
indicating whether a plurality of interpolation filters are determined as the interpolation filters
for the target sample may be received, and whether the plurality of interpolation filters are
determined as the interpolation filters for the target sample may be determined based on the
flag.

[240] For example, the interpolation filters for the target sample may include a cubic filter
and a Gaussian filter. In this case, the decoding device may derive filter coefficients of the
cubic filter based on the position of the target sample and the prediction angle of the intra-
prediction mode and may derive filter coefficients of the Gaussian filter based on the position
of the target sample and the prediction angle of the intra-prediction mode. The decoding
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device may derive a first prediction sample for the target sample based on the filter
coefficients of the cubic filter and the reference samples, derive a second prediction sample
for the target sample based on the filter coefficients of the Gaussian filter and the reference
samples, and derive the prediction sample of the target sample based on the first prediction
sample and the second prediction sample. The prediction sample of the target sample may

be derived by averaging the first prediction sample and the second prediction sample.

- Alternatively, the prediction sample of the target sample may be derived by weighted-

summing the first prediction sample and the second prediction sample. In this case, a
weight for the first prediction sample may be in inverse proportion to the distance between
the target sample and the reference samples and a weight for the second prediction sample
may be derived as a value obtained by subtracting the weight for the first prediction sample
from 1. Alternatively, the first weight and the second weight used here may be up-scaled in
units of integers and derived to avoid a decimal point calculation.

[241] Also, for example, the interpolation filters for the target sample may include a cubic
filter and a linear filter.  In this case, the decoding device may derive filter coefficients of the
cubic filter based on the position of the reference sample and may derive filter coefficients of
the linear filter based on the position of the reference sample. The decoding device may
derive a first prediction sample for the target sample based on the filter coefficients of the
cubic filter and the reference samples, derive a second prediction sample for the target sample
based on the filter coefficients of the linear filter and the reference samples, and derive the
prediction sample of the target sample based on the first prediction sample and the second
prediction sample. The prediction sample of the target sample may be derived by averaging
the first prediction sample and the second prediction sample. Alternatively, the prediction
sample of the target sample may be derived by weighted-summing the first prediction sample
and the second prediction sample. In this case, a weight for the first prediction sample may

81

Date regue / Date received 2021-12-14




10

15

20

25

be in inverse proportion to the distance between the target sample and the reference samples
and a weight for the second prediction sample may be derived as a value obtained by
subtracting the weight for the first prediction sample from 1. Alternatively, the first weight
and the second weight used here may be up-scaled in units of integers and derived to avoid a
decimal point calculation.

[242] In another example, if an MPM (most probable mode) mode is applied to the current
block to derive an intra-prediction mode of the current block based on an intra-prediction
mode of a neighboring block of the éummt block and the intra-prediction mode of the current
block is h directional intra-prediction mode, rather than a planar mode or a DC mode, an
interpolation filter for the target sample may be determined based on the neighboring blocks
selected through the neighboring MPM mode. That is, the interpolation filter used in the
neighboring block may be derived as an interpolation filter for the target sample. If the
MPM mode is applied to the current block, the decoding device may determine an MPM list
based on an intra-prediction mode for a left or upper neighboring block of the current block
and determine the intra-prediction mode based on the MPM list.

[243]  Although not shown in the figure, the decoding device may use the prediction sample
as a reconstructed sample according to a prediction mode or add a residual sample to the
prediction sample to generate a reconstructed sample. 'When there is a residual sample for
the target block, the decoding device may receive information regarding the residual for the
target block, and the information regarding the residual may be included in the information
regarding the reconstructed sample. The information regarding the residual may include a
transform coefficient related to the residual sample. The decoding device may derive the
residual sample (or residual sample arrays) for the target block based on the residual
information. The decoding device may generate a reconstructed sample based on the
prediction sample and the residual sample and may derive a reconstructed block or a
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reconstructed picture based on the reconstructed sample. Thereafter, in order to enhance
subjective/objective image quality as necessary, the decoding device may apply an in-loop
filtering procedure such as deblocking filtering and/or SAO procedure to the reconstructed
picture, as described above.

[244] In addition, the dmmding device may receive the prediction information for the
current block through a bitstream and may entropy-decode the same. The prediction
information may include information on the intra-prediction mode of the current block. The
decoding device may obtain information regarding the intra-prediction mode indicating the
intra-prediction mode. The intra-prediction mude‘ information may include information
directly indicating an intra-prediction mode for the current block or may include information
indicating any one candidate in an infra prediction mode candidate list derived based on an
intra-prediction mode of a left or upper block of the current block. The intra-prediction
mode candidate list may indicate the MPM list.

[245] In addition, when the current block is divided into a plurality of regions, the
prediction information may include information indicating a size of the divided regions of the
current block and an interpolation filter of emh region. In addition, when the interpolation
filter for the target sample is selected based on the size of the current block, the intra-
prediction mode of the current block, or the distance between the target sample and the
reference samples, the prediction information may include information regarding the specific
value used for selecting the interpolation filter for the target sample. When the interpolation
filter is selected based on the size of the current block and the intra-prediction mode of the
current block, the prediction information may include information regarding a first specific
value and information regarding a second specific value. Also, the prediction information
may include a flag indicating whether a plurality of interpolation filters are determined as the
interpolation filters for the target sample. When the flag indicates that a plurality of
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interpolation filters are determined as the interpolation filters for the target sample, a
prediction sample of the target sample may be derived based on the plurality of interpolation
filters, and when the flag indicates that a plurality of interpolation filters are not determined

as the interpolation filters for the target sample, a prediction sample of the target sample may

~ not be derived based on the plurality of interpolation filters. For example, when a value of

the flag is 1, the flag may indicate that a plurality of interpolation filters are determined as the
interpolation filters for the target sample, and when the value of the flag is 0, the flag may
indicate that a plurality of interpolation filters are not determined as the interpolation filters
for the target sample. The prediction information may be signaled through a video
parameter set (VPS), a sequence parameter set (SPS), a picture parameter set (PPS), or a slice
segment header or may be signaled on a block basis.

[246] According to the present disclosure described above, prediction may be performed on
the target sample based on the interpolation filter derived according to the size of the current
block, the distance between the target sample and the reference sample, and/or the prediction
mode (prediction angle), whereby the reference sample of the fractional sample position for
the target sample may be accurately generated to enhance prediction accuracy for the current
block and the residual for the current block may be reduced to enhance coding efficiency.
[247] Also, according to the present disclosure, since an interpolation filter for the target
sample may be selected based on various conditions described above, the amount of bits of
information on the selection of the interpolation filter may be reduced, whereby prediction
accuracy for the current block may be enhanced and coding efficiency of the current block
may be enhanced.

[248] In the above-described embodiment, the methods are described based on the
flowchart having a series of steps or blocks. The present disclosure is not limited to the
order of the above steps or blocks. Some steps or blocks may occur simultaneously or in a
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different order from other steps or blocks as described above. Further, those skilled in the
art will understand that the steps shown in the above flowchart are not exclusive, that further
steps may be included, or that one or more steps in the flowchart may be deleted without
affecting the scope of the present disclosure.

[249] The method according to the present disclosure described above may be
implemented in software. The encoding device and/or decoding device according to the
present disclosure may be included in a device that performs image processing, for example,
for a TV, a computer, a smart phone, a set-top box, or a display device.

[250] When the embodiments of the present disclosure are implemented in software, the
above-described method may be implemented by modules (processes, functions, and so on)
that perform the functions described above. Such medules may be stored in memory and
executed by a processor. The memory may be internal or external to the processor, and the
memory may be coupled to the processor using various well known means. The processor
may comprise an application-specific integrated circuit (ASIC), other chipsets, a logic circuit
and/or a data processing device. The memory may include a ROM (read-only memory), a
RAM (random access memory), a flash memory, a memory card, a storage medium, and/or

other storage device.
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CLAIMS:
1. A video decoding method performed by a decoding device, the method comprising:

obtaining prediction information and residual information for a current block from a

bitstream;

deriving an intra-prediction mode of the current block based on the prediction

information;

deriving neighboring samples including left neighboring samples and upper neighboring

samples of the current block;

deriving reference samples for prediction of a target sample of the current block among
the neighboring samples based on a position of the target sample and a prediction angle of the

intra-prediction mode;

determining an interpolation filter for the target sample based on the intra-prediction

mode and a size of the current block;

deriving a prediction sample of the target sample based on the interpolation filter and

the reference samples;
deriving a residual sample of the target sample based on the residual information; and

generating a reconstructed picture based on the prediction sample and the residual

sample,

wherein determining the interpolation filter for the target sample based on the intra-

prediction mode and the size of the current block comprises:

determining whether the size of the current block is smaller than a first specific value;

and

when the size of the current block is smaller than the first specific value, determining

whether the prediction angle of the intra-prediction mode is smaller than a second specific value,
86

Date regue / Date received 2021-12-14



10

15

20

89235614

wherein when the size of the current block is not smaller than the first specific value,

the interpolation filter for the target sample is derived as a Gaussian filter,

wherein when the size of the current block is smaller than the first specific value and the
prediction angle of the intra-prediction mode is smaller than the second specific value, the

interpolation filter for the target sample is derived as a cubic filter, and

wherein when the size of the current block is smaller than the first specific value and the
prediction angle of the intra-prediction mode is greater than the second specific value, the

interpolation filter for the target sample is derived as the Gaussian filter.
2. The video decoding method of claim 1, wherein

the deriving of the prediction sample of the target sample based on the interpolation

filter and the reference samples comprises:

deriving filter coefficients of the interpolation filter based on the position of the target

sample and the prediction angle; and

deriving the prediction sample of the target sample based on the filter coefficients and

the reference samples.
3. The video decoding method of claim 1, wherein

when a width and a height of the current block are equal, the size of the current block is

equal to the width of the current block.
4. The video decoding method of claim 1, wherein

when a width and a height of the current block are different and the intra-prediction
mode of the current block is a directional intra-prediction mode having vertical directionality,

the size of the current block is equal to the width of the current block.

5. The video decoding method of claim 1, wherein
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when a width and a height of the current block are different and the intra-prediction
mode of the current block is a directional intra-prediction mode having horizontal directionality,

the size of the current block is equal to the height of the current block.
6. A video encoding method performed by an encoding device, the method comprising:
determining an intra-prediction mode of a current block;

deriving neighboring samples including left neighboring samples and upper neighboring

samples of the current block;

deriving reference samples for prediction of a target sample of the current block among
the neighboring samples based on a position of the target sample and a prediction angle of the

intra-prediction mode;

determining an interpolation filter for the target sample based on the intra-prediction

mode and a size of the current block;

deriving a prediction sample of the target sample based on the interpolation filter and

the reference samples;
deriving a residual sample of the target sample based on the prediction sample; and

encoding video information comprising prediction information and residual information

for the current block,

wherein determining the interpolation filter for the target sample based on the intra-

prediction mode and the size of the current block comprises:

determining whether the size of the current block is smaller than a first specific value;

and

when the size of the current block is smaller than the first specific value, determining

whether the prediction angle of the intra-prediction mode is smaller than a second specific value,
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wherein when the size of the current block is not smaller than the first specific value,

the interpolation filter for the target sample is derived as a Gaussian filter,

wherein when the size of the current block is smaller than the first specific value and the
prediction angle of the intra-prediction mode is smaller than the second specific value, the

interpolation filter for the target sample is derived as a cubic filter, and

wherein when the size of the current block is smaller than the first specific value and the
prediction angle of the intra-prediction mode is greater than the second specific value, the

interpolation filter for the target sample is derived as the Gaussian filter.

7. A non-transitory computer-readable storage medium storing a bitstream generated by

a method, the method comprising:
determining an intra-prediction mode of a current block;

deriving neighboring samples including left neighboring samples and upper neighboring

samples of the current block;

deriving reference samples for prediction of a target sample of the current block among
the neighboring samples based on a position of the target sample and a prediction angle of the

intra-prediction mode;

determining an interpolation filter for the target sample based on the intra-prediction

mode and a size of the current block;

deriving a prediction sample of the target sample based on the interpolation filter and

the reference samples;
deriving a residual sample of the target sample based on the prediction sample;

encoding video information comprising prediction information and residual information

for the current block; and

generating the bitstream including the video information,
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wherein determining the interpolation filter for the target sample based on the intra-

prediction mode and the size of the current block comprises:

determining whether the size of the current block is smaller than a first specific value;

and

when the size of the current block is smaller than the first specific value, determining

whether the prediction angle of the intra-prediction mode is smaller than a second specific value,

wherein when the size of the current block is not smaller than the first specific value,

the interpolation filter for the target sample is derived as a Gaussian filter,

wherein when the size of the current block is smaller than the first specific value and the
prediction angle of the intra-prediction mode is smaller than the second specific value, the

interpolation filter for the target sample is derived as a cubic filter, and

wherein when the size of the current block is smaller than the first specific value and the
prediction angle of the intra-prediction mode is greater than the second specific value, the

interpolation filter for the target sample is derived as the Gaussian filter.
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FIG. 5
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FIG. 10
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FIG. 11
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FIG. 13
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