DISCRIPTION

INVENTION TITLE

IMAGE ENCODING/DECODING METHOD AND DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an image encoding/decoding method and
apparatus.

BACKGROUND ART

[0002] Along with the widespread use of the Internet and portable terminals and the

development of information and communication technology, multimedia data is increasingly
being used. Accordingly, in order to provide various services or perform various tasks through
image prediction in various systems, there is a pressing need for improving the performance and
efficiency of an image processing system. However, research and development achievements
are yet to catch up with the trend.

[0003] As such, an existing method and apparatus for encoding/decoding an image
needs performance improvement in image processing, particularly in image encoding or image

decoding.



DISCLOSURE

TECHNICAL PROBLEM

[0004] An object of the present invention for solving the above problems is to provide
an image encoding/decoding apparatus that modifies a motion vector predictor using an

adjustment offset.

TECHNICAL SOLUTION

[0005] A method of decoding an image according to an embodiment of the present
invention for achieving the above object comprises, constructing a motion information prediction
candidate list of a target block, selecting a prediction candidate index, deriving a prediction
motion vector adjustment offset, and reconstructing motion information of the target block.
[0006] Here, the constructing the motion information prediction candidate list may
further comprise, including a new candidate in the candidate group when a candidate already
included, a candidate obtained based on offset information, the new candidate and a candidate
obtained based on the offset information do not overlap.

[0007] Here, the deriving the prediction motion vector adjustment offset may further
comprise, deriving the prediction motion vector adjustment offset based on the offset application

flag and/or offset selection information.

ADVANTAGEOUS EFFECTS
[0008] In the case of using the inter prediction according to the present invention as
described above, it is possible to improve coding performance by efficiently obtaining a

prediction motion vector.



DESCRIPTION OF DRAWINGS

[0009] FIG. 1is a block diagram illustrating an image encoding apparatus according to
an embodiment of the present invention.

[0010] FIG. 2 is a block diagram illustrating an image decoding apparatus according an
exemplary embodiment of the present invention.

[0011] FIG. 3 illustrates a block division type according to an embodiment to which the
present invention is applied.

[0012] FIG. 4 illustrates a block division method based on a tree structure as an
embodiment to which the present invention is applied.

[0013] FIG. 5 is an exemplary diagram illustrating various cases of obtaining a
prediction block through inter prediction according to the present invention.

[0014] FIG. 6 is an exemplary diagram of constructing a reference picture list
according to an embodiment of the present invention.

[0015] FIG. 7 is a conceptual diagram illustrating a non-translation motion model
according to an embodiment of the present invention.

[0016] FIG. 8 is an exemplary diagram illustrating motion estimation in units of sub-
blocks according to an embodiment of the present invention.

[0017] FIG. 9 is a flowchart illustrating coding of motion information according to an
embodiment of the present invention.

[0018] FIG. 10 is a layout diagram of a target block and a block adjacent thereto

according to an embodiment of the present invention.



[0019] FIG. 11 shows an exemplary diagram of a statistical candidate according to an
embodiment of the present invention.

[0020] FIG. 12 is a conceptual diagram of statistical candidates according to a non-
translation motion model according to an embodiment of the present invention.

[0021] FIG. 13 is an exemplary diagram for motion information construction of a
position of each control point stored as a statistical candidate according to an embodiment of the
present invention.

[0022] FIG. 14 is a flowchart illustrating motion information coding according to an
embodiment of the present invention.

[0023] FIG. 15 is an exemplary diagram for a motion vector prediction candidate and a
motion vector of a target block according to an embodiment of the present invention.

[0024] FIG. 16 is an exemplary diagram for a motion vector prediction candidate and a
motion vector of a target block according to an embodiment of the present invention.

[0025] FIG. 17 is an exemplary diagram for motion a vector prediction candidate and a
motion vector of a target block according to an embodiment of the present invention.

[0026] FIG. 18 is an exemplary diagram illustrating an arrangement of a plurality of
motion vector predictors according to an embodiment of the present invention.

[0027] FIG. 19 is a flowchart illustrating motion information coding in a merge mode

according to an embodiment of the present invention.

BEST MODE FOR INVENTION
[0028] An image encoding/decoding method and apparatus of the present invention

may construct a prediction motion candidate list of a target block, derive a prediction motion



vector from the motion candidate list based on a prediction candidate index, reconstruct
prediction motion vector adjustment offset information, and reconstruct a motion vector of the
target block based on the prediction motion vector and the prediction motion vector adjustment
offset information,

[0029] In an image encoding/decoding method and apparatus of the present invention,
the motion candidate list may include at least one of a spatial candidate, a temporal candidate, a
statistical candidate, or a combined candidate.

[0030] In an image encoding/decoding method and apparatus of the present invention,
the prediction motion vector adjustment offset may be determined based on at least one of an
offset application flag or offset selection information.

[0031] In an image encoding/decoding method and apparatus of the present invention,
information on whether the prediction motion vector adjustment offset information is supported
may be included in at least one of a sequence, a picture, a sub-picture, a slice, a tile, or a brick.
[0032] In an image encoding/decoding method and apparatus of the present invention,
when the target block is encoded in a merge mode, the motion vector of the target block may be
reconstructed by using a zero vector, and when the target block is encoded in a competition mode,

the motion vector of the target block may be reconstructed by using a motion vector difference.

MODE FOR INVENTION

[0033] The present disclosure may be subject to various modifications and have various
embodiments. Specific embodiments of the present disclosure will be described with reference to
the accompanying drawings. However, the embodiments are not intended to limit the technical

scope of the present disclosure, and it is to be understood that the present disclosure covers



various modifications, equivalents, and alternatives within the scope and idea of the present
disclosure.

[0034] The terms as used in the disclosure, first, second, A, and B may be used to
describe various components, not limiting the components. These expressions are used only to
distinguish one component from another component. For example, a first component may be
referred to as a second component and vice versa without departing from the scope of the present
disclosure. The term and/or covers a combination of a plurality of related items or any one of the
plurality of related items.

[0035] When it is said that a component is “connected to” or “coupled with/to” another
component, it should be understood that the one component is connected to the other component
directly or through any other component. On the other hand, when it is said that a component is
“directly connected to” or “directly coupled to” another component, it should be understood that
there is no other component between the components.

[0036] The terms as used in the present disclosure are provided to describe merely
specific embodiments, not intended to limit the present disclosure. Singular forms include plural
referents unless the context clearly dictates otherwise. In the present disclosure, the term
“include” or “have” signifies the presence of a feature, a number, a step, an operation, a
component, a part, or a combination thereof, not excluding the presence or addition of one or
more other features, numbers, steps, operations, components, parts, or a combination thereof.
[0037] Unless otherwise defined, the terms including technical or scientific terms used
in the disclosure may have the same meanings as generally understood by those skilled in the art.

The terms as generally defined in dictionaries may be interpreted as having the same or similar



meanings as or to contextual meanings of related technology. Unless otherwise defined, the
terms should not be interpreted as ideally or excessively formal meanings.

[0038] Typically, an image may include one or more color spaces according to its color
format. The image may include one or more pictures of the same size or different sizes. For
example, the YCbCr color configuration may support color formats such as 4:4:4, 4:2:2, 4:2:0,
and monochrome (composed of only Y). For example, YCbCr 4:2:0 may be composed of one
luma component (Y in this example) and two chroma components (Cb and Cr in this example).
In this case, the configuration ratio of the chroma component and the luma component may have
1:2 width-height. For example, in case of 4:4:4, it may have the same configuration ratio in
width and height. When a picture includes one or more color spaces as in the above example, the
picture may be divided into the color spaces.

[0039] Images may be classified into I, P, and B according to their image types (e.g.,
picture type, sub-picture type, slice type, tile type, brick type, etc.). The I-picture may be an
image which is coded without a reference picture. The P-picture may be an image which is coded
using a reference picture, allowing only forward prediction. The B-picture may be an image
which is coded using a reference picture, allowing bi-directional prediction. However, some (P
and B) of the types may be combined or an image type of a different composition may be
supported, according to a coding setting.

[0040] Various pieces of encoding/decoding information generated in the present
disclosure may be processed explicitly or implicitly. Explicit processing may be understood as a
process of generating encoding/decoding information in a sequence, a picture, a sub-picture, a
slice, a tile, a brick, a block, or a sub-block, and including the selection information in a

bitstream by an encoder, and reconstructing related information as decoded information by



parsing the related information at the same unit level as in the encoder by a decoder. Implicit
processing may be understood as processing encoded/decoded information in the same process,

rule, etc. at both the encoder and the decoder.

[0041] FIG. 1 is a conceptual diagram illustrating an image encoding and decoding
system according to an embodiment of the present disclosure.

[0042] Referring to FIG. 1, each of an image encoding apparatus 105 and an image
decoding apparatus 100 may be a user terminal such as a personal computer (PC), a laptop
computer, a personal digital assistant (PDA), a portable multimedia player (PMP), a playstation
portable (PSP), a wireless communication terminal, a smartphone, or a television (TV), or a
server terminal such as an application server or a service server. Each of the image encoding
apparatus 105 and the image decoding apparatus 100 may be any of various devices each
including a communication device such as a communication modem, which communicates with
various devices or a wired/wireless communication network, a memory 120 or 125 which stores
various programs and data for inter-prediction or intra-prediction to encode or decode an image,
or a processor 110 or 115 which performs computations and control operations by executing
programs.

[0043] Further, the image encoding apparatus 105 may transmit an image encoded to a
bitstream to the image decoding apparatus 100 in real time or non-real time through a
wired/wireless communication network such as the Internet, a short-range wireless
communication network, a wireless local area network (WLAN), a wireless broadband (Wi-Bro)
network, or a mobile communication network or via various communication interfaces such as a

cable or a universal serial bus (USB), and the image decoding apparatus 100 may reconstruct the



received bitstream to an image by decoding the bitstream, and reproduce the image. Further, the
image encoding apparatus 105 may transmit the image encoded to the bitstream to the image
decoding apparatus 100 through a computer-readable recording medium.

[0044] While the above-described image encoding apparatus and image decoding
apparatus may be separate apparatuses, they may be incorporated into a single image
encoding/decoding apparatus depending on implementation. In this case, some components of
the image encoding apparatus may be substantially identical to their counterparts of the image
decoding apparatus. Therefore, these components may be configured to include the same
structures or execute at least the same functions.

[0045] Therefore a redundant description of corresponding technical component will be
avoided in the following detailed description of the technical component and their operational
principles. Further, since the image decoding apparatus is a computing device that applies an
image encoding method performed in the image encoding apparatus to decoding, the following
description will focus on the image encoding apparatus.

[0046] The computing device may include a memory storing a program or software
module that performs an image encoding method and/or an image decoding method, and a
processor connected to the memory and executing the program. The image encoding apparatus
may be referred to as an encoder, and the image decoding apparatus may be referred to as a

decoder.

[0047] FIG. 2 is a block diagram illustrating an image encoding apparatus according to

an embodiment of the present disclosure.



[0048] Referring to FIG. 2, an image encoding apparatus 20 may include a prediction
unit 200, a subtraction unit 205, a transform unit 210, a quantization unit 215, a dequantization
unit 220, an inverse transform unit 225, an add unit 230, a filter unit 235, an encoded picture
buffer 240, and an entropy encoding unit 245.

[0049] The prediction unit 200 may be implemented using a prediction module which
is a software module, and generate a prediction block for a block to be encoded by intra-
prediction or inter-prediction. The prediction unit 200 may generate a prediction block by
predicting a target block to be encoded in an image. In other words, the prediction unit 200 may
generate a prediction block having a predicted pixel value of each pixel by predicting the pixel
value of the pixel in the target block according to inter-prediction or intra-prediction. Further, the
prediction unit 200 may provide information required for generating the prediction block, such as
information about a prediction mode like an intra-prediction mode or an inter-prediction mode to
an encoding unit so that the encoding unit may encode the information about the prediction mode.
A processing unit subjected to prediction, a prediction method, and specific details about the
processing unit may be determined according to an encoding setting. For example, the prediction
method and the prediction mode may be determined on a prediction unit basis, and prediction
may be performed on a transform unit basis. In addition, when a specific encoding mode is used,
it may be possible to encode an original block as it is and transmit it to a decoder without
generating a prediction block through the prediction unit.

[0050] The intra prediction unit may have a directional prediction mode such as a
horizontal mode, a vertical mode or etc., used according to a prediction direction, and a non-
directional prediction mode such as DC, Planar or etc., using a method such as averaging and

interpolation of reference pixels. Intra prediction mode candidate group may be constructed

10



through the directional and non-directional modes, and one of various candidates such as 35
prediction modes (33 directional + 2 non-directional), 67 prediction modes (65 directional + 2
non-directional), 131 prediction mode (129 directional + 2 non-directional) may be used as the
candidate group.

[0051] The intra prediction unit may include a reference pixel construction unit, a
reference pixel filter unit, a reference pixel interpolation unit, a prediction mode determination
unit, a prediction block generation unit, and a prediction mode encoding unit. The reference pixel
construction unit may construct a pixel belonging to a block adjacent to the target block and
adjacent to the target block as a reference pixel for intra prediction. Depending on the encoding
setting, one adjacent reference pixel line may be constructed as a reference pixel, or another
adjacent reference pixel line may be constructed as a reference pixel, or a plurality of reference
pixel lines may be constructed as reference pixels. When some of reference pixels are not
available, the reference pixel may be generated using an available reference pixel. When all of
the reference pixels are not available, a predetermined value (e.g., a median value of a pixel
value range expressed by a bit depth, etc.) may be used to generate a reference pixel.

[0052] The reference pixel filter unit of the intra prediction unit may perform filtering
on the reference pixel for the purpose of reducing deterioration remaining through an encoding
process. In this case, the filter that is used may be a low-pass filter such as a 3-tap filter [1/4, 1/2,
1/4], a 5-tap filter [2/16, 3/16, 6/16, 3/16, 2/16], etc. Whether to apply filtering and a filtering
type may be determined according to encoding information (e.g., a block size, shape, prediction
mode, etc.).

[0053] The reference pixel interpolation unit of the intra prediction unit may generate a

pixel of a fractional unit through a linear interpolation process of the reference pixel according to
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the prediction mode, and an interpolation filter applied according to the encoding information
may be determined. In this case, the interpolation filter used may include a 4-tap Cubic filter, a
4-tap Gaussian filter, a 6-tap Wiener filter, an 8-tap Kalman filter or etc. In general, interpolation
is performed separately from the process of performing the low-pass filter, but the filtering
process may be performed by integrating the filters applied to the two processes into one.

[0054] The prediction mode determination unit of the intra prediction unit may select at
least one optimal prediction mode from among the prediction mode candidates in consideration
of encoding cost, and the prediction block generation unit may generate a prediction block using
the corresponding prediction mode. The prediction mode encoding unit may encode the optimal
prediction mode based on a prediction value. In this case, the prediction information may be
adaptively encoded according to the case where the predicted value is correct or not.

[0055] In the intra prediction unit, the predicted value is called a Most Probable Mode
(MPM), and some of the modes belonging to the prediction mode candidate group may
constructed as an MPM candidate group. The MPM candidate group may include a
predetermined prediction mode (e.g., DC, planar, vertical, horizontal, diagonal mode, etc.) or a
prediction mode of spatially adjacent blocks (e.g., left, top, top-left, top-right, bottom-left block,
etc.). In addition, a mode derived from a mode previously included in the MPM candidate group
(a difference between +1 and -1 in the case of a directional mode) may be constructed as an
MPM candidate group.

[0056] There may be a priority of a prediction mode for constructing an MPM
candidate group. An order of being included in the MPM candidate group may be determined
according to the priority, and when the number of MPM candidate groups (determined according

to the number of prediction mode candidate groups) is filled according to the priority, the MPM
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candidate group construction may be completed. In this case, the priority may be determined in
the order of a prediction mode of a spatially adjacent block, a predetermined prediction mode,
and a mode derived from a prediction mode previously included in the MPM candidate group,
but other modifications are possible.

[0057] For example, spatially adjacent blocks may be included in the candidate group
in the order of left, top, bottom-left, top-right, top-left block, etc., and predetermined prediction
mode may be included in the candidate group in the order of DC, planar, vertical, horizontal
mode. A total of six modes may be constructed as a candidate group by including a mode
obtained by adding +1, -1, or etc. from the already included mode to the candidate group.
Alternatively, a total of 7 modes may be constructed as a candidate group by including one
priority such as left, top, DC, planar, bottom-left, top-right, top-left, (left+1), (left-1), (top+1).
[0058] The subtraction unit 205 may generate a residual block by subtracting the
prediction block from the target block. In other words, the subtraction unit 205 may calculate the
difference between the pixel value of each pixel in the target block to be encoded and the
predicted pixel value of a corresponding pixel in the prediction block generated by the prediction
unit to generate a residual signal in the form of a block, that is, the residual block. Further, the
subtraction unit 205 may generate a residual block in a unit other than a block obtained through
the later-described block division unit.

[0059] The transform unit 210 may transform a spatial signal to a frequency signal. The
signal obtained by the transform process is referred to as transform coefficients. For example, the
residual block with the residual signal received from the subtraction unit may be transformed to a
transform block with transform coefficients, and the input signal is determined according to an

encoding configuration, not limited to the residual signal.
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[0060] The transform unit may transform the residual block by, but not limited to, a
transform scheme such as Hadamard transform, discrete sine transform (DST)-based transform,
or DCT-based transform. These transform schemes may be changed and modified in various
manners.

[0061] At least one of the transform schemes may be supported, and at least one sub-
transform scheme of each transform scheme may be supported. The sub-transform scheme may
be obtained by modifying a part of a base vector in the transform scheme.

[0062] For example, in the case of DCT, one or more of sub-transform schemes DCT-1
to DCT-8 may be supported, and in the case of DST, one or more of sub-transform schemes DST-
1 to DST-8 may be supported. A transform scheme candidate group may be configured with a
part of the sub-transform schemes. For example, DCT-2, DCT-8, and DST-7 may be grouped into
a candidate group, for transformation.

[0063] Transformation may be performed in a horizontal/vertical direction. For
example, one-dimensional transformation may be performed in the horizontal direction by DCT-
2, and one-dimensional transformation may be performed in the vertical direction by DST-7.
With the two-dimensional transformation, pixel values may be transformed from the spatial
domain to the frequency domain.

[0064] One fixed transform scheme may be adopted or a transform scheme may be
selected adaptively according to a coding configuration. In the latter case, a transform scheme
may be selected explicitly or implicitly. When a transform scheme is selected explicitly,
information about a transform scheme or transform scheme set applied in each of the horizontal
direction and the vertical direction may be generated, for example, at the block level. When a

transform scheme is selected implicitly, an encoding configuration may be defined according to
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an image type (I/P/B), a color component, a block size, a block shape, a block position, an intra-
prediction mode, and so on, and a predetermined transform scheme may be selected according to
the encoding setting.

[0065] Further, some transformation may be skipped according to the encoding setting.
That is, one or more of the horizontal and vertical units may be omitted explicitly or implicitly.
[0066] Further, the transform unit may transmit information required for generating a
transform block to the encoding unit so that the encoding unit encodes the information, includes
the encoded information in a bitstream, and transmits the bitstream to the decoder. Thus, a
decoding unit of the decoder may parse the information from the bitstream, for use in inverse
transformation.

[0067] The quantization unit 215 may quantize an input signal. A signal obtained from
the quantization are referred to as quantized coefficients. For example, the quantization unit 215
may obtain a quantized block with quantized coefficients by quantizing the residual block with
residual transform coefficients received from the transform unit, and the input signal may be
determined according to the encoding setting, not limited to the residual transform coefficients.
[0068] The quantization unit may quantize the transformed residual block by, not
limited to, a quantization scheme such as dead zone uniform boundary value quantization, a
quantization weighted matrix, or the like. The above quantization schemes may be changed and
modified in various manners.

[0069] The quantization may be skipped according to the encoding setting. For example,
the guantization (and dequantization) may be skipped according to the encoding setting (e.g., a
quantization parameter of O, that is, a lossless compression environment). In another example,

when quantization-based compression performance is not exerted in view of the characteristics
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of an image, the quantization process may be omitted. The quantization may be skipped in the
whole or partial region (M/2 x N/2, M x N/2, or M/2 x N) of the quantization block (MxN), and
quantization skip selection information may be set explicitly or implicitly.

[0070] The quantization unit may transmit information required for generating a
quantized block to the encoding unit so that the encoding unit encodes the information, includes
the encoded information on a bitstream, and transmits the bitstream to the decoder. Thus, the
decoding unit of the decoder may parse the information from the bitstream, for use in
dequantization.

[0071] While the above example has been described on the assumption that a residual
block is transformed and quantized by the transform unit and the quantization unit, a residual
block with transform coefficients may be generated by transforming a residual signal and may
not be quantized. The residual block may be subjected only to quantization without
transformation. Further, the residual block may be subjected to both transformation and
quantization. These operations may be determined depending on the encoding setting.

[0072] The dequantization unit 220 dequantizes the residual block quantized by the
quantization unit 215. That is, the dequantization unit 220 generates a residual block with
frequency coefficients by dequantizing a quantization frequency coefficient sequence.

[0073] The inverse transform unit 225 inversely transforms the residual block
dequantized by the dequantization unit 220. That is, the inverse transform unit 225 inversely
transforms the frequency coefficients of the dequantized residual block to generate a residual
block with pixel values, that is, a reconstructed residual block. The inverse transform unit 225
may perform inverse transform by inversely performing the transform scheme used by the

transform unit 210.
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[0074] The add unit 230 reconstructs the target block by adding the prediction block
predicted by the prediction unit 200 and the residual block recovered by the inverse transform
unit 225. The reconstructed target block is stored as a reference picture (or reference block) in
the coded picture buffer 240, for use as a reference picture when the next block to the target
block, another block, or another picture are encoded later.

[0075] The filter unit 235 may include one or more post-processing filters such as a
deblocking filter, a sample adaptive offset (SAQO), and an adaptive loop filter (ALF). The
deblocking filter may remove block distortion occurring at the boundary between blocks in a
reconstructed picture. The ALF may perform filtering based on a value obtained by comparing
the reconstructed image and the original image after the block is filtered through the deblocking
filter. The SAO may reconstruct an offset difference at the pixel level between the original image
and the residual block to which the deblocking filter is applied. These post-processing filters may
be applied to a reconstructed picture or block.

[0076] The coded picture buffer 240 may store the block or picture reconstructed by the
filter unit 235. The reconstructed block or picture stored in the coded picture buffer 240 may be
provided to the prediction unit 200 that performs intra-prediction or inter-prediction.

[0077] The entropy encoding unit 245 may generate a quantization coefficient sequence,
a transform coefficient sequence, or a signal sequence by scanning quantization coefficients,
transform coefficients, or residual signals of the generated residual block according to at least
one scan order (e.g., zigzag scan, vertical scan, horizontal scan, etc.). The entropy encoding unit
245 may encode the quantization coefficient sequence, the transform coefficient sequence, or the
signal sequence by using at least one entropy coding technique. In this case, information on the

scan order may be determined according to encoding settings (e.g., image type, encoding mode,
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prediction mode, transformation type, etc.), and related information may be implicitly
determined or explicitly generated.

[0078] In addition, encoded data including encoding information transmitted from each
component may be generated and output as a bitstream, which may be implemented by a
multiplexer (MUX). In this case, the encoding may be performed by using methods such as
xponential Golomb, Context Adaptive Variable Length Coding (CAVLC), and Context Adaptive
Binary Arithmetic Coding (CABAC) as coding techniques, but not limited thereto, and various
coding techniques refined and modified therefrom may be used.

[0079] When performing entropy encoding (assuming CABAC in this example) for
syntax elements such as the residual block data and information generated in the
encoding/decoding process, the entropy encoding apparatus may include a binarization unit
(binarizer), a context modeler, a binary arithmetic coding unit (binary arithmetic coder). In this
case, the binary arithmetic coding unit may include a regular coding engine and a bypass coding
engine.

[0080] Since the syntax element input to the entropy encoding apparatus may not be a
binary value, if the syntax elements are not binary values, the binarization unit may binarize the
syntax elements and output a bin string composed of 0 or 1. In this case, the bin may represent a
bit composed of 0 or 1, and may be encoded through the binary arithmetic encoding unit. In this
case, one of a regular coding unit or a bypass coding unit may be selected based on a probability
of occurrence of 0 and 1, and this may be determined according to a coding/decoding setting. If
the syntax element is data having the same frequency of 0 and 1, the bypass coding unit may be

used, otherwise, the regular coding unit may be used.
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[0081] Various methods may be used when performing binarization on a syntax
element. For example, fixed length binarization, unary binarization, truncated tice binarization,
K-th exp-Golomb binarization, etc. may be used. In addition, signed binarization or unsigned
binarization may be performed according to a range of values of the syntax element. The
binarization process for the syntax element occurring in the present invention may be performed
including not only the binarization mentioned in the above example, but also other additional

binarization methods.

[0082] FIG. 3 is a block diagram illustrating an image decoding apparatus according to
an embodiment of the present disclosure.

[0083] Referring to FIG. 3, an image decoding apparatus 30 may be configured to
include an entropy decoder 305, a prediction unit 310, a dequantization unit 315, an inverse
transform unit 320, an add unit/subtraction unit 325, a filter 330, and a decoded picture buffer
335.

[0084] Further, the prediction unit 310 may be configured to include an intra-prediction
module and an inter-prediction module.

[0085] When an image bitstream is received from the image encoding apparatus 20, the
image bitstream may be transmitted to the entropy decoder 305.

[0086] The entropy decoder 305 may decode the bitstream to decoded data including
quantized coefficients and decoding information to be transmitted to each component.

[0087] The prediction unit 310 may generate a prediction block based on the data
received from the entropy decoder 305. Based on a reference image stored in the decoded picture

buffer 335, a reference picture list may be made using a default configuration scheme.
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[0088] The intra-prediction unit may include a reference sample construction unit, a
reference sample filter unit, a reference sample interpolation unit, a prediction block generation
unit, a prediction mode decoding unit. Some of the components may perform the same processes
as in the encoder, and others may inversely perform processes of the encoder.

[0089] The dequantization unit 315 may dequantize quantized transform coefficients
that are provided in the bitstream and decoded by the entropy decoder 305.

[0090] The inverse transform unit 320 may generate a residual block by applying
inverse DCT, inverse integer transform, or a similar inverse transform technique to the transform
coefficients.

[0091] The dequantization unit 315 and the inverse transform unit 320 may reversely
perform the processes of the transform unit 210 and the quantization unit 215 of the image
encoding apparatus 20 described above, and may be implemented in various ways. For example,
the dequantization unit 315 and the inverse transform unit 320 may use the same processes and
inverse transform shared with the transform unit 210 and the quantization unit 215, and may
reversely perform transformation and quantization using information about the transformation
and quantization processes received from the image encoding apparatus 20 (e.g., a transform size,
a transform shape, a quantization type, and so on).

[0092] The residual block that has been dequantized and inversely transformed may be
added to the prediction block derived by the prediction unit 310, thus producing a reconstructed
image block. This addition may be performed by the add unit/subtraction unit 325.

[0093] Regarding the filter 330, a deblocking filter may be applied to remove a
blocking phenomenon from the reconstructed image block, when needed. To improve a video

quality before and after the decoding process, other loop filters may be additionally used.
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[0094] The reconstructed and filtered image block may be stored in the decoded picture
buffer 335.

[0095] While not shown in the drawings, the image encoding/decoding apparatus may
further include a picture division unit and a block division unit.

[0096] The picture division unit may divide or partition a picture into at least one area
based on a predetermined division unit. Here, the division unit may include a subpicture, a slice,
a tile, a brick, a block (e.g., a maximum coding unit), etc.

[0097] A picture may be divided into one or more tile rows or one or more tile columns.
In this case, the tile may be a block-based unit including a predetermined non-square area of the
picture. In this case, the tile may be divided into one or more bricks, and the brick may be
composed of blocks in units of rows or columns of tiles.

[0098] Slices may be set with one or more configurations, one of which may be
composed of a bundle (e.g., blocks, bricks, tiles, etc.) according to a scan order, and one of them
may be composed of a shape including a non-square region, and other additional definitions may
be possible.

[0099] As for a definition of the slice configuration, related information may be
explicitly generated or may be implicitly determined. A plurality of definitions for the
configuration of each division unit as well as the slice may be set, and selection information
regarding this may be generated.

[00100] The slice may be configured in units of a non-square shape such as a block, a
brick, and a tile, and the slice position and size information may be expressed based on position

information (e.g., top-left position, bottom-right position, etc.) for the division unit.
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[00101] In the present invention, it is described on an assumption that a picture may be
composed of one or more sub-pictures, a sub-picture may be composed of one or more slices,
tiles or bricks, a slice may be composed of one or more tiles or bricks, and a tile may be
composed of one or more bricks. But the present invention is not limited thereto.

[00102] The division unit may be composed of an integer number of blocks, but is not
limited thereto, and may be composed of a decimal number instead of an integer number. That is,
when not composed of an integer number of blocks, at least one division unit may be composed
of sub-blocks.

[00103] In addition to the non-square slice, there may be division units such as sub-
pictures or tiles, and position information, size information of the units may be expressed based
on various methods.

[00104] For example, the position and size information of a non-square unit may be
expressed based on information on a number of non-square units, information on the number of
columns or rows of the non-square unit, information on whether evenly divided into columns or
rows in the non-square unit, information on a width or height of a column or row unit in the non-
square unit, index information of the non-square unit.

[00105] In the case of sub-pictures and tiles, the position and size information of each
unit may be expressed based on all or part of the information, and based on this, may be divided
or partitioned into one or more units.

[00106] Meanwhile, it is possible to divide into blocks of various units and sizes through
the block division unit. A basic coding unit (or a largest coding unit, coding tree unit. CTU) may
mean a basic (or initial) unit for prediction, transform, quantization, etc. in an image coding

process. In this case, the basic coding unit may be composed of one luma basic coding block
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(maximum coding block or CTB) and two basic chroma coding blocks according to a color
format (YCDCr in this example), and the size of each block may be determined according to the
color format. A coding block (CB) may be obtained according to the partitioning process. A CB
may be understood as a unit which is not further sub-divided due to certain restrictions, and may
be set as a starting unit for partitioning into sub-units. In the present disclosure, a block
conceptually encompasses various shapes such as a triangle, a circle, and so on, not limited to a
square.

[00107] While the following description is given in the context of one color component,
it is also applicable to other color component with some modification, in proportion to a ratio
according to the color format (e.g., in case of YCbCr 4:2:0, the width-height length ratio of the
luma component and the chroma component is 2:1). Further, although block partitioning
dependent on other color component (e.g., depending on the block partitioning result of Y in
Cb/Cr) is possible, it should be understood that block independent partitioning of each color
component is also possible. Further, although one common block partitioning configuration (in
consideration of being proportional to a length ratio) may be used, it is also necessary to consider
and understand that an individual block partitioning configuration is used according to a color
component.

[00108] In the block division unit, a block may be expressed as M x N, and the
maximum and minimum values of each block may be obtained within the range. For example, if
the maximum and minimum values of a block are 256x256 and 4x4, respectively, a block of size
2mx2n (m and n are integers of 2 to 8 in this example), a block of size 2mx2n (m and n are
integers of 2 to 128 in this example), or a block of size m x m (m and n are integers of 4 to 256

in this example) may be obtained. Herein, m and n may be equal or different, and one or more
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ranges in which blocks are supported, such as the maximum value and the minimum value, may
be generated.

[00109] For example, information about the maximum size and minimum size of a block
may be generated, and information about the maximum size and minimum size of a block may
be generated in some partitioning configuration. In the former case, the information may be
range information about maximum and minimum sizes that may be produced in an image,
whereas in the latter case, the information may be information about maximum and minimum
sizes that may be produced according to some partitioning configuration. The partitioning
configuration may be defined by an image type (I/P/B), a color component (YCbCr or the like), a
block type (coding/prediction/transform/quantization), a partitioning type (index or type), and a
partitioning scheme (quad tree (QT), binary tree (BT), and ternary tree (TT) as tree methods, and
SI2, S13, and Sl14 as type methods).

[00110] Further, there may be a constraint on a width-height ratio available to a block (a
block shape), and in this regard, a boundary value may be set. Only blocks less than or equal
to/less than a boundary value k may be supported, where k may be defined according to a width-
height ratio, A/B (A is the longer or equal value between the width and height, and B is the other
value). k may be a real number equal to or larger than 1, such as 1.5, 2, 3, 4, or the like. As in the
above example, a constraint on the shape of one block in an image may be supported, or one or
more constrains may be supported according to a partitioning configuration.

[00111] In summary, it may be determined whether block partitioning is supported based
on the above-described range and constraint and a later-described partitioning configuration. For

example, when a candidate (child block) split from a block (parent block) is satisfying a
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supported block condition, the partitioning may be supported, and otherwise, the partitioning
may not be supported.

[00112] The block division unit may be configured in relation to each component of the
image encoding apparatus and the image decoding apparatus, and the size and shape of a block
may be determined in this process. Different blocks may be configured according to components.
The blocks may include a prediction block for the prediction unit, a transform block for the
transform unit, and a quantization block for the quantization unit. However, the present
disclosure is not limited thereto, and block units may be additionally defined for other
components. While the shape of each of an input and an output is described as a non-square in
each component in the present disclosure, the input and the output of some component may have
any other shape (e.g., a non-square triangle).

[00113] The size and shape of an initial (or starting) block in the block division unit may
be determined from a higher unit. The initial block may be split into smaller blocks. Once an
optimal size and shape are determined according to the block partitioning, the block may be
determined as an initial block for a lower unit. The higher unit may be a coding block, and the
lower unit may be a prediction block or a transform block, to which the present disclosure is not
limited. Rather, various modification examples are possible. Once the initial block of the lower
unit is determined as in the above example, a partitioning process may be performed to detect a
block of an optimal size and shape like the higher unit.

[00114] In summary, the block division unit may split a basic coding block (or maximum
coding block) into at least one coding block, and the coding block may be split into at least one
prediction block/transform block/quantization block. Further, the prediction block may be split

into at least one transform block/quantization block, and the transform block may be split into at
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least one quantization block. Some blocks may be in a dependent relationship with other blocks
(i.e., defined by a higher unit and a lower unit) or may have an independent relationship with
other blocks. For example, the prediction block may be a higher unit above the transform block
or may be a unit independent of the transform block. Various relationships may be established
according to the types of blocks.

[00115] Depending on a coding setting, whether to combine a higher unit and a lower
unit may be determined. Combination between units means that a block of a higher unit is
subjected to a coding process of a lower unit (e.g., in the prediction unit, transform unit, inverse
transform unit, and so on), without being split into lower units. That is, it may mean that a
partitioning process is shared between a plurality of units, and partitioning information is
generated in one (e.g., a higher unit) of the units.

[00116] For example, (when a coding block is combined with a prediction block or a
transform block), the coding block may be subjected to prediction, transformation, and inverse
transformation.

[00117] For example, (when a coding block is combined with a prediction block), the
coding block may be subjected to prediction, and a transform block equal to or smaller than the
coding block in size may be subjected to transformation and inverse transformation.

[00118] For example, (when a coding block is combined with a transform block), a
prediction block equal to or smaller than the coding block in size may be subjected to prediction,
and the coding block may be subjected to transformation and inverse transformation.

[00119] For example, (when a prediction block is combined with a transform block), a
prediction block equal to or smaller than the coding block in size may be subjected to prediction,

transformation, and inverse transformation.
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[00120] For example, (when there is no block combining), a prediction block equal to or
smaller than a coding block in size may be subjected to prediction, and a transform block equal
to or smaller than the coding block in size may be subjected to transformation and inverse
transformation.

[00121] While various cases of a coding block, a prediction block, and a transform block
have been described in the above examples, the present disclosure is not limited thereto.

[00122] For combination between units, a fixed configuration may be supported in an
image, or an adaptive configuration may be supported in consideration of various coding factors.
The coding factors include an image type, a color component, a coding mode (intra/inter), a
partitioning configuration, a block size/shape/position, a width-height ratio, prediction-related
information (e.g., intra-prediction mode, inter-prediction mode, or the like), transformation-
related information (e.g., transformation scheme selection information or the like), quantization-
related information (e.g., quantization region selection information and quantized transform
coefficient coding information), and so on.

[00123] When a block of an optimal size and shape has been detected as described above,
mode information (e.g., partitioning information) for the block may be generated. The mode
information may be included in a bitstream along with information generated from a component
to which the block belongs (e.g., prediction-related information and transformation-related
information) and transmitted to the decoder, and may be parsed at the same unit level by the
decoder, for use in a video decoding process.

[00124] Now, a partitioning scheme will be described. While it is assumed that an initial

block is shaped into a square, for the convenience of description, the present disclosure is not
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limited thereto, and the description is applicable in the same manner or a similar manner to a
case in which the initial block is non-square.

[00125] The block division unit may support various types of partitioning. For example,
tree-based partitioning or index-based partitioning may be supported, and other methods may
also be supported. In tree-based partitioning, a partition type may be determined based on
various types of information (e.g., information indicating whether partitioning is performed, a
tree type, a partitioning direction, and so on), whereas in index-based partitioning, a partitioning

type may be determined using specific index information.

[00126] FIG. 4 is an exemplary diagram illustrating various partition types which may
be obtained in a block division unit of the present disclosure.

[00127] In this example, it is assumed that the partitioning types illustrated in FIG. 4 are
obtained by one partitioning operation (or process), which should not be construed as limiting
the present disclosure. The partition types may also be obtained in a plurality of partitioning

operations. Further, an additional partition type which is not illustrated in FIG. 4 may also be

available.
[00128] (Tree-based partitioning)
[00129] In tree-based partitioning of the present disclosure, QT, BT, and TT may be

supported. If one tree method is supported, this may be referred to as single-tree partitioning, and
if two or more tree methods are supported, this may be referred to as multi-tree partitioning.
[00130] In QT, a block is split into two partitions in each of the horizontal and vertical

directions (n), whereas in BT, a block is split into two partitions in either the horizontal direction
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or the vertical direction (b to g). In TT, a block is split into three partitions in either the horizontal
direction or the vertical direction (h to m).

[00131] In QT, a block may be split into four partitions by limiting the partitioning
direction to one of the horizontal and vertical directions (o and p). Further, in BT, only split of a
block into equal-sized partitions (b and c), only split of a block into partitions of different sizes
(d to g), or both of the partition types may be supported. Further, in TT, split of a block into
partitions concentrated only in a specific direction (1:1:2 or 2:1:1 in the direction of left->right or
top->bottom) (h, j, k, and m), split of a block into partitions concentrated at the center (1:2:1) (i
and 1), or both the partition types may be supported. Further, split of a block into four partitions
in each of the horizontal and vertical directions (i.e., a total of 16 partitions) may be supported
(@).

[00132] Among the tree methods, split of a block into z partitions only in the horizontal
direction (b, d, e, h, i, j, 0), split of a block into z partitions only in the vertical direction (c, f, g, k,
I, m, p), or both the partition types may be supported. Herein, z may be an integer equal to or
greater than 2, such as 2, 3, or 4.

[00133] In the present disclosure, it is assumed that the partition type n is supported as
QT, the partition types b and c are supported as BT, and partition types i and | are supported as
TT.

[00134] One or more of the tree partitioning schemes may be supported according to a
coding setting. For example, QT, QT/BT, or QT/BT/TT may be supported.

[00135] In the above example, the basic tree partitioning scheme is QT, and BT and TT
are included as additional partitioning schemes depending on whether other trees are supported.

However, various modifications may be made. Information indicating whether other trees are
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supported (bt_enabled flag, tt enabled flag, and bt tt enabled flag, with O indicating not
support and 1 indicating support) may be implicitly determined according to a coding setting or
explicitly determined in units such as sequence, picture, sub-picture, slice, tile, brick or etc.
[00136] Partitioning information may include information indicating whether
partitioning is performed (tree_part flag or qt part flag, bt part flag, tt part flag, and
bt_tt_part_flag, which may have a value of 0 or 1 with 0 indicating not partition and 1 indicating
partition). Further, depending on partitioning schemes (BT and TT), information about a
partitioning direction (dir_part_flag, or bt_dir_part_flag, tt_dir_part_flag, and bt_tt_dir_part_flag,
which have a value of 0 or 1 with O indicating <width/horizontal> and 1 indicating
<height/vertical>) may be added. This may be information that may be generated when
partitioning is performed.

[00137] When multi-tree partitioning is supported, various pieces of partitioning
information may be configured. The following description is given of an example of how
partitioning information is configured at one depth level (that is, although recursive partitioning
is possible by setting one or more supported partitioning depths), for the convenience of
description.

[00138] In Example 1, information indicating whether partitioning is performed is
checked. If partitioning is not performed, the partitioning ends.

[00139] If partitioning is performed, selection information about a partition type (e.g.,
tree_idx. O for QT, 1 for BT, and 2 for TT) is checked. Partitioning direction information is
additionally checked according to the selected partition type, and the procedure proceeds to the

next step (if additional partitioning is possible for reasons such as when a partitioning depth has
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not reached a maximum value, the procedure starts again from the beginning, and if the
additional partitioning is not possible, the partitioning procedure ends).

[00140] In Example 2, information indicating whether partitioning is performed in a
certain tree scheme (QT) is checked and the procedure proceeds to the next step. If partitioning is
not performed in the tree scheme (QT), information indicating whether partitioning is performed
in another tree scheme (BT) is checked. In this case, if partitioning is not performed in the tree
scheme, information indicating whether partitioning is performed in a third tree scheme (TT) is
checked. If partitioning is not performed in the third tree scheme (TT), the partitioning procedure
ends.

[00141] If partitioning is performed in the tree scheme (QT), the procedure proceeds to
the next step. Further, partitioning is performed in the second tree scheme (BT), partitioning
direction information is checked and the procedure proceeds to the next step. If partitioning is
performed in the third tree scheme (TT), partitioning direction information is checked and the
procedure proceeds to the next step.

[00142] In Example 3, information indicating whether partitioning is performed in a tree
scheme (QT) is checked. If partitioning is not performed in the tree scheme (QT), information
indicating whether partitioning is performed in other tree schemes (BT and TT) is checked. If
partitioning is not performed, the partitioning procedure ends.

[00143] If partitioning is performed in the tree scheme (QT), the procedure proceeds to
the next step. Further, partitioning is performed in the other tree schemes (BT and TT),
partitioning direction information is checked and the procedure proceeds to the next step.
[00144] While tree partitioning schemes are prioritized (Example 2 and Example 3) or

no priorities are assigned to the tree partitioning schemes (Example 1) in the above examples,
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various modification examples may also be available. Further, partitioning in a current step is not
related to the partitioning result of the previous step in the above example. However, it is also
possible to configure partitioning in the current step to be dependent on the partitioning result of
the previous step.

[00145] In Example 1 to Example 3, if some tree partitioning scheme (QT) is performed
in the previous step and thus the procedure proceeds to the current step, the same tree
partitioning scheme (QT) may be supported in the current step, as well.

[00146] On the other hand, if the certain tree partitioning scheme (QT) was not
performed and thus another tree partitioning scheme (BT or TT) was performed in the previous
step, and then the procedure proceeds to the current step, it may be configured that the other tree
partitioning schemes (BT and TT) except for the certain tree partitioning scheme (QT) are
supported in the current step and the following steps.

[00147] In the above case, a tree configuration supported for block partitioning may be
adaptive, and thus the afore-mentioned partitioning information may also be configured
differently. (The example to be described later is assumed to be Example 3). That is, if
partitioning is not performed in the certain tree scheme (QT) in the previous step, the partitioning
procedure may be performed with no regard to the tree scheme (QT) in the current step. In
addition, partitioning information related to the certain tree scheme (e.g., information indicating
whether partitioning is performed, information about a partitioning direction, and so on. In this
example <QT>, information indicating whether partitioning is performed) may be removed.
[00148] The above example relates to an adaptive partitioning information configuration
for the case where block partitioning is allowed (e.g., a block size is within a range between

maximum and minimum values, the partitioning depth of each tree scheme has not reached a
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maximum depth (allowed depth), or the like). Even when block partitioning is restricted (e.g., the
block size does not exist in the range between the maximum and minimum values, the
partitioning depth of each tree scheme has reached the maximum depth, or the like), partitioning
information may be configured adaptively.

[00149] As already mentioned, tree-based partitioning may be performed in a recursive
manner in the present disclosure. For example, if a partition flag of a coding block with a
partitioning depth of k is set to 0, coding block encoding is performed in the coding block with
the partitioning depth of k. If the partition flag of the coding block with the partitioning depth of
k is set to 1, coding block encoding is performed in N sub-coding blocks with a partitioning
depth of k+1 according to a partitioning scheme (where N is an integer equal to or greater than 2,
such as 2, 3, and 4).

[00150] The sub-coding block may be set as a coding block (k+1) and partitioned into
sub-coding blocks (k+2) in the above procedure. This hierarchical partitioning scheme may be
determined according to a partitioning configuration such as a partitioning range and an allowed
partitioning depth.

[00151] In this case, a bitstream structure representing partitioning information may be
selected from among one or more scan methods. For example, the bitstream of the partitioning
information may be configured based on an order of partitioning depths, or based on whether
partitioning is performed.

[00152] For example, in the partitioning depth order-based case, partitioning information
is obtained at a current depth level based on an initial block, and then partitioning information is

obtained at the next depth level. In the case based on whether partitioning is performed,
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additional partitioning information is first obtained in a block split from an initial block, and
other additional scan methods may be considered.

[00153] The maximum block size and minimum block size may have a common setting
regardless of the tree type (or all trees), or may have individual settings for each tree, or may
have a common setting for two or more trees. have. In this case, the size of the maximum block
may be set equal to or smaller than the maximum coding block. If the size of the maximum block
according to the predetermined first tree is not the same as the maximum block size, partitioning
is implicitly performed using a predetermined second tree method until the maximum block size
of the first tree is reached.

[00154] In addition, regardless of the tree type, a common split depth may be supported,
an individual split depth may be supported according to each tree, or a common split depth for
two or more trees may be supported. Alternatively, a split depth may be supported for some trees,
and a split depth may not be supported for some trees.

[00155] An explicit syntax element for the setting information may be supported, and
some setting information may be determined implicitly.

[00156] (Index-based partitioning)

[00157] In index-based partitioning of the present disclosure, a constant split index (CSI)
scheme and a variable split index (VSI) scheme may be supported.

[00158] In the CSI scheme, k sub-blocks may be obtained through partitioning in a
predetermined direction, and k may be an integer equal to or greater than 2, such as 2, 3, or 4.
Specifically, the size and shape of a sub-block may be determined based on k irrespective of the

size and shape of a block. The predetermined direction may be one of or a combination of two or

34



more of horizontal, vertical, and diagonal directions (top-left -> bottom-right direction or
bottom-left -> top-right direction).

[00159] In the index-based CSI partitioning scheme of the present disclosure, z
candidates may be obtained through partitioning in either the horizontal direction or the vertical
direction. In this case, z may be an integer equal to or greater than 2, such as 2, 3, or 4, and the

sub-blocks may be equal in one of width and height and may be equal or different in the other

each of Al to AZ may be an integer equal to or greater than 1, such as 1, 2, or 3.

[00160] Further, a candidate may be obtained by partitioning into x partitions and y
partitions along the horizontal and vertical directions, respectively. Each of x and y may be an
integer equal to or greater than 1, such as 1, 2, 3, or 4. However, a candidate with both x and y
being 1s may be restricted (because a already exists). Although FIG. 4 illustrates cases where
sub-blocks have the same width or height ratio, candidates having the different width ratio or
height ratio may also be included.

[00161] Further, a candidate may be split into w partitions in one of diagonal directions,
top-left->bottom-right and bottom-left->top-right. Herein, w may be an integer equal to or
greater than 2, such as 2 or 3.

[00162] Referring to FIG. 4, partition types may be classified into a symmetrical
partition type (b) and an asymmetric partition type (d and e) according to a length ratio of each
sub-block. Further, partition types may be classified into a partition type concentrated in a
specific direction (k and m) and a centered partitioning type (k). Partition types may be defined
by various coding factors including a sub-block shape as well as a sub-block length ratio, and a

supported partition type may be implicitly or explicitly determined according to a coding setting.
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Thus, a candidate group may be determined based on the supported partition type in the index-
based partitioning scheme.

[00163] In the VSI scheme, with the width w or height h of each sub-block fixed, one or
more sub-blocks may be obtained through partitioning in a predetermined direction. Herein, each
of w and h may be an integer equal to or greater than 1, such as 1, 2, 4, or 8. Specifically, the
number of sub-blocks may be determined based on the size and shape of a block, and the w or h
value.

[00164] In the index-based VSI partitioning scheme of the present disclosure, a
candidate may be partitioned into sub-blocks, each being fixed in one of the width and length.
Alternatively, a candidate may be partitioned into sub-blocks, each being fixed in both the width
and length. Since the width or height of a sub-block is fixed, equal partitioning in the horizontal
or vertical direction may be allowed. However, the present disclosure is not limited thereto.
[00165] In the case where a block is of size M x N prior to partitioning, if the width w of
each sub-block is fixed, the height h of each sub-block is fixed, or both of the width w and height
h of each sub-block are fixed, the number of obtained sub-blocks may be (M*N)/w, (M*N)/h, or
(M*N)/w/h.

[00166] Depending on a coding setting, only one or both of the CSI scheme and the VSI
scheme may be supported, and information about a supported scheme may be implicitly or

explicitly determined.

[00167] The present disclosure will be described in the context of the CSI scheme being
supported.
[00168] A candidate group may be configured to include two or more candidates in the

index-based partitioning scheme according to a coding setting.
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[00169] For example, a candidate group such as {a, b, c}, {a, b, ¢, n}, or {a to g and n}
may be formed. The candidate group may be an example of including block types predicted to
occur many times based on general statistical characteristics, such as a block divided into two
partitions in the horizontal or vertical direction or in each of the horizontal and vertical directions.
[00170] Alternatively, a candidate group such as {a, b}, {a, o}, or {a, b, 0}, or a
candidate group such as {a, c}, {a, p}, or {a, ¢, p} may be configured. The candidate group may
be an example of including candidates each being partitioned into partitions and four partitions in
the horizontal and vertical directions, respectively. This may be an example of configuring block
types predicted to be partitioned mainly in a specific direction as a candidate group.

[00171] Alternatively, a candidate group such as {a, o, p} or {a, n, g} may be configured.
This may be an example of configuring a candidate group to include block types predicted to be
partitioned into many partitions smaller than a block prior to partitioning.

[00172] Alternatively, a candidate group such as {a, r, s} may be configured, and it may
be an example of determining that the optimal partitions result that may be obtained in a non-
square shape through other method (tree method) from the block before being split, and
configuring the non- square shape as a candidate group.

[00173] As noted from the above examples, various candidate group configurations may
be available, and one or more candidate group configurations may be supported in consideration
of various encoding/decoding factors.

[00174] Once a candidate group is completely configured, various partitioning

information configurations may be available.
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[00175] For example, regarding a candidate group including the candidate a which is not
partitioned and the candidates b to s which are partitioned, index selection information may be
generated.

[00176] Alternatively, information indicating whether partitioning is performed
(information indicating whether the partitioning type is a) may be generated. If partitioning is
performed (if the partitioning type is not a), index selection information may be generated
regarding a candidate group including the candidates b to s that are partitioned.

[00177] The partitioning information may be configured in many other ways than
described above. Except for the information indicating whether partitioning is performed, binary
bits may be assigned to the index of each candidate in the candidate group in various manners
such as fixed length binarization, variable length binarization, and so on. If the number of the
candidate is 2, 1 bit may be assigned to the index selection information, and if the number of the
candidates is 3, one or more bits may be assigned to the index selection information.

[00178] Compared to the tree-based partitioning scheme, partition types predicted to
occur many times may be included in a candidate group in the index-based partitioning scheme.
[00179] Since the number of bits used to represent index information may increase
according to the number of supported candidate groups, this scheme may be suitable for single-
layer partitioning (e.g., the partitioning depth is limited to 0), instead of tree-based hierarchical
partitioning (recursive partitioning). That is, a single partitioning operation may be supported,
and a sub-block obtained through index-based partitioning may not be further split.

[00180] This may mean that further partitioning into smaller blocks of the same type is
impossible (e.g., a coding block obtained through index-based partitioning may not be further

split into coding blocks), and also mean that further partitioning into different types of blocks
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may also be impossible (e.g., partitioning of a coding block into prediction blocks as well as
coding blocks is not possible). Obviously, the present disclosure is not limited to the above

example, and other modification examples may also be available.

[00181] Now, a description will be given of determination of a block partitioning
configuration mainly based on a block type among coding factors.

[00182] First, a coding block may be obtained in a partitioning process. A tree-based
partitioning scheme may be adopted for the partitioning process, and a partition type such as a(no
split), n(QT), b, ¢(BT), i, or I(TT) of FIG. 4 may result according to a tree type. Various
combinations of tree types, such as QT/QT+BT/QT+BT+TT may be available according to a
coding configuration.

[00183] The following examples are processes of finally dividing a coding block
obtained in the above procedure into prediction blocks and transform blocks. It is assumed that
prediction, transformation, and inverse transformation are performed based on the size of each
partition.

[00184] In Example 1, prediction may be performed by setting the size of a prediction
block equal to that of a coding block, and transformation and inverse transformation may be
performed by setting the size of a transform block equal to that of the coding block (or prediction
block).

[00185] In Example 2, prediction may be performed by setting the size of a prediction
block equal to that of a coding block. A transform block may be obtained by partitioning the
coding block (or prediction block) and transformation and inverse transformation may be

performed based on the size of the obtained transform block.
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[00186] Here, a tree-based partitioning scheme may be adopted for the partitioning
process, and a partition type such as a(no split), n(QT), b, ¢(BT), i, or I(TT) of FIG. 4 may result
according to a tree type. Various combinations of tree types, such as QT/QT+BT/QT+BT+TT
may be available according to a coding configuration.

[00187] Here, the partitioning process may be an index-based partitioning scheme. A
partition type such as a (no split), b, c, or d of FIG. 4 may be obtained according to an index type.
Depending on a coding configuration, various candidate groups such as {a, b, c} and {a, b, c, d}
may be configured.

[00188] In Example 3, a prediction block may be obtained by partitioning a coding block,
and subjected to prediction based on the size of the obtained prediction block. For a transform
block, its size is set to the size of the coding block, and transformation and inverse
transformation may be performed on the transform block. In this example, the prediction block
and the transform block may be in an independent relationship.

[00189] An index-based partitioning scheme may be used for the partitioning process,
and a partitioning type such as a (no split), b to g, n, r, or s of FIG. 4 may be obtained according
to an index type. Various candidate groups such as {a, b, c, n}, {ato g, n}, and {a, r, s}, may be
configured according to a coding configuration.

[00190] In Example 4, a prediction block may be obtained by partitioning a coding block,
and subjected to prediction based on the size of the obtained prediction block. For a transform
block, its size is set to the size of the prediction block, and transformation and inverse
transformation may be performed on the transform block. In this example, the transform block
may have a size equal to the size of the obtained prediction block or vice versa (the size of the

transform block is set as the size of the prediction block).
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[00191] A tree-based partitioning scheme may be used for the partitioning process, and a
partition type such as a (no split), b, ¢ (BT), i, | (TT), or n (QT) of FIG. 4 may be generated
according to a tree type. Depending on a coding configuration, various combinations of tree
types such as QT/BT/QT+BT may be available.

[00192] Here, an index-based partitioning scheme may be used for the partitioning
process, and a partition type such as a (no split), b, ¢, n, o, or p of FIG. 4 may result according to
an index type. Various candidate groups such as {a, b}, {a, c}, {a, n}, {a, 0}, {a, p}, {a, b, c}, {a,
o0, p}, {a, b, ¢, n}, and {a, b, ¢, n, p} may be configured depending on a coding configuration.
Further, a candidate group may be configured in the VSI scheme alone or the CSI scheme and
the VSI scheme in combination, as the index-based partitioning scheme(s).

[00193] In Example 5, a prediction block may be obtained by partitioning a coding block,
and subjected to prediction based on the size of the obtained prediction block. A transform block
may also be obtained by partitioning the coding block and subjected to transformation and
inverse transformation based on the size of the obtained transform block. In this example, each
of a prediction block and a transform block may result from partitioning a coding block.

[00194] Here, a tree-based partitioning scheme and an index-based partitioning scheme
may be used for the partitioning process, and a candidate group may be configured in the same
manner as or in a similar manner to in Example 4.

[00195] In this case, the above examples are cases that may occur depending on whether
a process of partitioning each block type is shared, which should not be construed as limiting the
present disclosure. Various modification examples may also be available. Further, a block
partitioning configuration may be determined in consideration of various coding factors as well

as a block type.
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[00196] The coding factors may include an image type (I/P/B), a color component
(YCDbCr), a block size/shape/position, a block width-height ratio, a block type (coding block,
prediction block, transform block, or quantization block), a partition state, a coding mode
(Intra/Inter), prediction-related information (intra-prediction mode or inter-prediction mode),
transformation-related information (transformation scheme selection information), quantization-
related information (quantization region selection information and quantized transform

coefficient coding information).

[00197] In an image encoding method according to an embodiment of the present
invention, inter prediction may be configured as follows. The inter prediction of the prediction
unit may include a reference picture construction step, a motion estimation step, a motion
compensation step, a motion information determination step, and a motion information encoding
step. In addition, the video encoding apparatus may include a reference picture construction unit,
a motion estimation unit, a motion compensation unit, a motion information determination unit,
and a motion information encoding unit that implement the reference picture construction step,
the motion estimation step, the motion compensation step, the motion information determination
step, and the motion information encoding step. Some of the above-described processes may be
omitted or other processes may be added, and may be changed in an order other than the order
described above.

[00198] In the video decoding method according to an embodiment of the present
invention, inter prediction may be configured as follows. The inter prediction of the prediction
unit may include a motion information decoding step, a reference picture construction step, and a

motion compensation step. Also, the image decoding apparatus may include a motion
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information decoding unit, a reference picture construction unit, and a motion compensation unit
that implement the motion information decoding step, the reference picture construction step and
the motion compensation step. Some of the above-described processes may be omitted or other
processes may be added, and may be changed in an order other than the order described above.

[00199] Since the reference picture construction unit and the motion compensation unit
of the image decoding apparatus perform the same role as the corresponding configuration of the
image decoding apparatus, detailed descriptions are omitted, and the motion information
decoding unit may be performed using the method used in the motion information encoding unit
in reverse. Here, a prediction block generated by the motion compensation unit may be

transmitted to the addition unit.

[00200] FIG. 5 is an exemplary diagram illustrating various cases of obtaining a
prediction block through inter prediction according to the present invention.

[00201] Referring to FIG. 5, in uni-directional prediction, a prediction block A (forward
prediction) may be obtained from previously coded reference pictures (T-1, T-2), or a prediction
block B (backward prediction) may be obtained from later coded reference picture (T+1, T-2). In
bi-directional prediction, prediction blocks C and D may be generated from a plurality of
previously coded reference pictures (T-2 to T+2). In general, a P picture type may support uni-
directional and a B picture type may support bi-directional prediction.

[00202] As in the above example, a picture referenced for coding of a current picture
may be obtained from a memory, and a reference picture list may be constructed by including a
reference picture before the current picture and a reference picture after the current picture in a

temporal or display order based on the current picture T.
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[00203] An inter prediction (E) may be performed on the current image as well as the
previous or subsequent images based on the current image. Performing inter prediction on the
current image may be referred to as non-directional prediction. This may be supported by an |
image type or a P/B image type, and a supported image type may be determined according to a
coding setting. Performing inter prediction in the current image is to generate a prediction block
using spatial correlation. For the purpose of using temporal correlation, performing inter
prediction in other images is different, but a prediction method (e.g., reference image, Motion
vectors, etc.) may be the same.

[00204] Here, it is assumed that P and B pictures are the image types capable of
performing inter prediction, but may also be applicable to various image types that are added or
replaced. For example, a specific image type may not support intra prediction, but may only
support inter prediction, or may only support inter prediction in a predetermined direction
(backward direction), or may only support inter prediction in a predetermined direction.

[00205] The reference picture construction unit may construct and manage a reference
picture used for coding a current picture through a reference picture list. At least one reference
picture list may be constructed according to coding settings (e.g., an image type, a prediction
direction, etc.), and a prediction block may be generated from a reference picture included in the
reference picture list.

[00206] In the case of uni-directional prediction, inter prediction may be performed on at
least one reference picture included in a reference picture list 0 (LO) or a reference picture list 1
(L1). In addition, in the case of bi-directional prediction, inter prediction may be performed on at

least one reference picture included in a combination list LC generated by combining LO and L1.
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[00207] For example, uni-directional prediction may be classified into forward
prediction (Pred_LO) using a forward reference picture list (LO) and backward prediction
(Pred_L1) using a backward reference picture list (L1). The bi-directional prediction (Pred_BI)
may use both the forward reference picture list LO and the backward reference picture list L1.
[00208] Alternatively, performing two or more forward predictions by copying the
forward reference picture list (LO) to the backward reference picture list (L1) may be included in
the bi-directional prediction, and performing two or more backward predictions by copying the
backward reference picture list (L1) is transferred. Two or more backward predictions by
copying the backward reference picture list (LO) to the forward reference picture list (L1) may
also be included in the bi-directional prediction.

[00209] The prediction direction may be indicated by flag information indicating the
corresponding direction (e.g., inter_pred_idc, this value is assumed to be adjustable by
predFlagL0, predFlagLl, predFlagBIl). predFlagLO indicates whether forward prediction is
performed, and predFlagL1 indicates whether backward prediction is performed. Bi-directional
prediction may be indicated by indicating whether prediction is made through predFlagBI or by
simultaneously activating predFlagL0 and predFlagL1 (e.g., when each flag is 1).

[00210] In the present invention, a case of omni-prediction and uni-prediction using an
omni-directional reference picture list is mainly described, but the same or modified application
may be applied to other cases.

[00211] In general, it is possible to use a method of determining an optimal reference
picture for a picture to be encoded by an encoder, and explicitly transmitting information on the

reference picture to a decoder. To this end, the reference picture construction unit may manage a
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picture list referenced for inter prediction of the current picture, and may set a rule for reference
picture management in consideration of a limited memory size.

[00212] The transmitted information may be defined as a reference picture set (RPS),
and pictures selected in the RPS are classified as reference pictures and stored in a memory (or
DPB), and pictures not selected in the RPS are classified as non-reference pictures. It may be
removed from memory after an hour. A predetermined number of pictures (e.g., 14, 15, 16
pictures or more) may be stored in the memory, and the size of the memory may be set according

to the level and resolution of the image.

[00213] FIG. 6 is an exemplary diagram of constructing a reference picture list
according to an embodiment of the present invention.

[00214] Referring to FIG. 6, in general, reference pictures (T-1, T-2) existing before the
current picture may be assigned to LO and managed, and reference pictures (T+1, T+2) existing
after the current picture may be assigned to L1 and managed. When constructing LO, a reference
picture of L1 may be allocated may the number of reference pictures of LO is not sufficient.
Similarly, when constructing L1, a reference picture of LO may be allocated when the number of
reference pictures of L1 is not sufficient.

[00215] Also, the current picture may be included in at least one reference picture list.
For example, LO or L1 may include the current picture, and LO may be constructed by adding a
reference picture (or current picture) with a temporal order of T to a reference picture prior to the
current picture, and L1 may be constructed by adding a reference picture with a temporal order

of T to a reference picture after the current picture.
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[00216] The construction of the reference picture list may be determined according to
coding settings.

[00217] The current picture may not be included in a reference picture list, but may be
managed through a separate memory separated from the reference picture list, or the current
picture may be included in at least one reference picture list and managed.

[00218] For example, it may be determined by a signal (curr_pic_ref enabled_flag)
indicating whether a reference picture list includes the current picture. Here, the signal may be
implicitly determined information or explicitly generated information.

[00219] Specifically, when the signal is deactivated (e.g., curr_pic_ref enabled_flag = 0),
the current picture may not be included in any reference picture list as a reference picture, and
when the signal is activated (e.g., curr_pic_ref_enabled_flag = 1), whether to include the current
picture in a predetermined reference picture list may be implicitly determined (e.g., added only
to LO, added only to L1, and may be added to LO and L1 at the same time) or explicitly related
signals (e.g., , curr_pic_ref from_ |0 _flag, curr_pic_ref from_I1 flag) may be generated and
determined. The signal may be supported in units such as a sequence, a picture, a sub-picture, a
slice, a tile, and a brick.

[00220] Here, the current picture may be located in a first or last order of the reference
picture list as shown in FIG. 6, and the arrangement order in the list may be determined
according to coding settings (e.g., image type information). For example, the | type may be
located first, and the P/B type may be located last, but the present invention is not limited thereto,
and other examples of modifications may be possible.

[00221] Alternatively, an individual reference picture memory may be supported

according to a signal (ibc_enabled_flag) indicating whether block matching (or template
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matching) is supported in the current picture. Here, the signal may be implicitly determined
information or explicitly generated information.

[00222] In detail, when the signal is deactivated (e.g., ibc_enabled flag = 0), it may
mean that block matching is not supported in the current picture, and when the signal is activated
(e.g., ibc_enabled_flag = 1), block matching may be supported in the current picture, and the
reference picture memory for this may be supported. In this example, it is assumed that an
additional memory is provided, but it is also possible to set up to support block matching directly
from an existing memory supported for the current picture without providing the additional
memory.

[00223] The reference picture construction unit may include a reference picture
interpolation unit, and whether to perform an interpolation process for a pixel of a fractional unit
may be determined according to interpolation precision of inter prediction. For example, when
the interpolation precision is in an integer unit, the reference picture interpolation process may be
omitted, and when the interpolation precision is in a fractional unit, the reference picture
interpolation process may be performed.

[00224] An interpolation filter used in a reference picture interpolation process may be
implicitly determined according to coding settings or may be explicitly determined from among
a plurality of interpolation filters. The configuration of the plurality of interpolation filters may
support fixed candidates or adaptive candidates according to coding settings, and the number of
candidates may be an integer of 2, 3, 4 or more. The explicitly determined unit may be
determined from a sequence, a picture, a sub-picture, a slice, a tile, a brick, or a block.

[00225] Here, the coding settings may be determined according to an image type, a color

component, state information of a target block (e.g., block size, shape, horizontal/vertical length
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ratio, etc.), inter prediction settings (e.g., motion information coding mode, motion model
selection information, motion vector precision selection information, reference picture, reference
direction, etc.). The motion vector precision may mean a precision of a motion vector (i.e., pmv
+ mvd), but may be replaced with a precision of a motion vector predictor (pmv) or a motion
vector difference (mvd).

[00226] Here, the interpolation filter may have a filter length of k-tap, and k may be an
integer of 2, 3, 4, 5, 6, 7, 8 or more. The filter coefficient may be derived from an equation
having various coefficient characteristics such as a Wiener filter and a Kalman filter. Filter
information (e.qg., filter coefficient, tap information, etc.) used for interpolation may be implicitly
determined or derived, or related information may be explicitly generated. In this case, the filter
coefficient may be configured to include 0.

[00227] The interpolation filter may be applied to a predetermined pixel unit, and the
predetermined pixel unit may be limited to an integer or a fractional unit, or may be applied to
the integer and the fractional unit.

[00228] For example, the interpolation filter may be applied to k integer unit pixels
adjacent to an interpolation target pixel (i.e., fractional unit pixel) in a horizontal direction or a
vertical direction.

[00229] Alternatively, an interpolation filter may be applied to p integer unit pixels and g
fractional unit pixels (p+q = k) adjacent to the interpolation target pixel in the horizontal or
vertical direction. In this case, the precision of the fractional unit referred to for interpolation
(e.g., in the unit of 1/4) may be expressed with the same or lower precision (e.g., 2/4 -> 1/2) than

the interpolation target pixel.
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[00230] When only one of the x and y components of the interpolation target pixel is
located in a fractional unit, interpolation may be performed based on k pixels adjacent to the
fractional component direction (e.g., the x-axis is horizontal and the y-axis is vertical). When
both the x and y components of the interpolation target pixel are located in a fractional unit, a
first interpolation may be performed based on x pixels adjacent in either horizontal or vertical
direction, and interpolation is performed based on y pixels adjacent in the other direction. In this
case, a case where x and y are the same as k will be described, but the case is not limited thereto,
and a case where x and y are different may also occur.

[00231] The interpolation target pixel may be obtained by interpolation precision (1/m),
and m may be an integer of 1, 2, 4, 8, 16, 32 or higher. The interpolation precision may be
implicitly determined according to a coding setting, or related information may be explicitly
generated. The coding setting may be defined based on an image type, a color component, a
reference picture, a motion information coding mode, motion model selection information, etc.
The explicitly determined unit may be determined from a sequence, a sub picture, a slice, a tile,
or a brick.

[00232] Through the above process, an interpolation filter setting of a target block may
be obtained, and reference picture interpolation may be performed based thereon. In addition, a
detailed interpolation filter setting based on the interpolation filter setting may be obtained, and
reference picture interpolation may be performed based thereon. That is, it is assumed that the
obtained interpolation filter setting of the target block may be obtained by obtaining one fixed
candidate, but may also be obtaining the possibility of using a plurality of candidates. In the
example described later, it is assumed that the interpolation precision is 1/16 (e.g., 15 pixels to be

interpolated).
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[00233] As an example of setting the detailed interpolation filter, one of a plurality of
candidates may be adaptively used for a first pixel unit at a predetermined position, and one
predetermined interpolation filter may be used for a second pixel unit at a predetermined position.
[00234] The first pixel unit may be determined among pixels of all fractional units (1/16
to 15/16 in this example) supported by interpolation precision, and the number of pixels included
in the first pixel unit may be a, and a may be determined between 0, 1, 2, ..., (m-1).

[00235] The second pixel unit may include a pixel excluding the first pixel unit from a
pixel of total fractional units, and the number of pixels included in the second pixel unit may be
derived by subtracting the number of pixels in the first pixel unit from the total number of pixels
to be interpolated. In this example, an example of dividing the pixel unit into two will be
described, but the present invention is not limited thereto and may be divided into three or more.
[00236] For example, the first pixel unit may be a unit expressed in a multiple unit such
as 1/2, 1/4, 1/8. For example, in case of 1/2 unit, it may be a pixel located at 8/16, and in case of
1/4 unit, it may be a pixel located at {4/16, 8/16, 12/16}, and in case of 1/8 unit, it may be a pixel
located at {2/16, 4/16, 6/ 16, 8/16, 10/16, 12/16, 14/16}.

[00237] The detailed interpolation filter setting may be determined according to a coding
setting, and the coding setting may be defined by an image type, a color component, state
information of a target block, an inter prediction setting, etc. The following will look at an
example of setting detailed interpolation filters according to various coding elements. For
convenience of explanation, it is assumed that a is 0 and ¢ or more (c is an integer greater than or
equal to 1).

[00238] For example, in the case of a color component (luma, chroma), a may be (1, 0),

0, 1), (1, 1). Alternatively, in the case of the motion information coding mode (merge mode,
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competition mode), a may be (1, 0), (0, 1), (1, 1), (1, 3). Or, in the case of motion model
selection information (translation motion, non-translation motion A, non-translation motion B), a
may be (0, 1, 1), (1, 0, 0), (3, 1, 1), (1, 3, 7). Alternatively, in the case of motion vector precision
(172, 1/4, 1/8), a may be (0, 0, 1), (0, 1, 0), (1, 0, 0), (O, 1, 1), (1,0, 1), (4, 1, 0), (1, 1, 2).
Alternatively, in the case of the reference picture (current picture, other picture) a may be (0, 1),
(1,0), (1,12).

[00239] As described above, an interpolation process may be performed by selecting one
of a plurality of interpolation precisions, and when the interpolation process according to an
adaptive interpolation precision is supported (e.g., adaptive_ref resolution_enabled_flag. If 0, a
predetermined interpolation precision is used, and If 1, one of a plurality of interpolation
precisions is used) precision selection information (e.g., ref_resolution_idx) may be generated.
[00240] A motion estimation and compensation process may be performed according to
the interpolation precision, and a representation unit and a storage unit for a motion vector may
also be determined based on the interpolation precision.

[00241] For example, when the interpolation precision is 1/2 unit, the motion estimation
and compensation process may be performed by 1/2 unit, and motion vectors may be expressed
by 1/2 unit and may be used in the coding process. Also, motion vectors may be stored in units
of 1/2 and may be referred to in a coding process of motion information of another block.
[00242] Alternatively, when the interpolation precision is 1/8, the motion estimation and
compensation process may be performed in 1/8 units, and motion vectors may be expressed in
1/8 units and may be used in the coding process and stored in 1/8 units.

[00243] In addition, motion estimation and compensation processes and motion vectors

may be performed, expressed, and stored in units different from interpolation precision, such as
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integer, 1/2, and 1/ 4 units, which may be adaptively determined according to an inter prediction
method/setting (e.g., motion estimation/compensation method, motion model selection
information, motion information coding mode, etc.).

[00244] As an example, assuming that the interpolation precision is 1/8, in the case of
the translation motion model, motion estimation and compensation may be performed in 1/4
units, and motion vectors may be expressed in 1/4 units (in this example, assuming a unit in
coding process) and may be stored in 1/8 units. In the case of the non-translation motion model,
the motion estimation and compensation process may be performed in 1/8 units, and motion
vectors may be expressed in 1/4 units, and may be stored in 1/8 units.

[00245] For example, assuming that the interpolation precision is 1/8 units, in the case of
block matching, motion estimation and compensation may be performed in 1/4 units, and motion
vectors may be expressed in 1/4 units and may be stored in 1/8 units. In the case of template
matching, motion estimation and compensation process may be performed in 1/8 units, and
motion vectors may be expressed in 1/8 units and may be stored in 1/8 units.

[00246] For example, assuming that the interpolation precision is 1/16, in the case of the
competition mode, the motion estimation and compensation process may be performed in 1/4
units, and motion vectors may be expressed in 1/4 units and may be stored in 1/16 units. In the
case of the merge mode, the motion estimation and compensation process may be performed in
units of 1/8, and motion vectors may be expressed in units of 1/4, and may be stored in units of
1/16. In the case of the skip mode, motion estimation and compensation may be performed in
units of 1/16, and motion vectors may be expressed in units of 1/4, and may be stored in units of

1/16.
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[00247] In summary, units of motion estimation, motion compensation, motion vector
expression, and storage may be adaptively determined based on an inter prediction method or
setting, and interpolation precision. In detail, units of motion estimation, motion compensation
and motion vector expression may be adaptively determined according to the inter prediction
method or setting, and a storage unit of a motion vector may generally be determined according
to interpolation precision, but is not limited thereto, and examples of various modifications may
be possible. In addition, in the above example, examples according to one category (e.g., motion
model selection information, motion estimation/compensation method, etc.) have been
exemplified, but it may also be possible when two or more categories are mixed to determine the
setting.

[00248] In addition, as described above, the interpolation precision information may
have a predetermined value or may be selected as one of a plurality of precisions, and the
reference picture interpolation precision is determined according to the motion estimation and
compensation settings supported according to the inter prediction method or setting. For example,
when a translation motion model supports up to 1/8 units and a non-translation motion model
supports up to 1/16 units, the interpolation process may be performed according to the precision
unit of the non-translation motion model with the highest precision.

[00249] That is, reference picture interpolation may be performed according to settings
for supported precision information such as a translation motion model, a non-translation motion
model, a competition mode, a merge mode, and a skip mode. In this case, the precision
information may be implicitly or explicitly determined, and when the related information is
explicitly generated, it may be included in units such as a sequence, a picture, a sub-picture, a

slice, a tile, and a brick.
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[00250] The motion estimation unit means a process of estimating (or searching)
whether a target block has a high correlation with a predetermined block of a predetermined
reference picture. The size and shape (M x N) of the target block on which prediction is
performed may be obtained from the block division unit. As an example, the target block may be
determined in the range of 4x4 to 128x128. In general, inter prediction may be performed in
units of prediction blocks, but may be performed in units such as a coding block or a transform
block according to a setting of the block division unit. Estimation may be performed within an
estimable range of the reference region, and at least one motion estimation method may be used.
In the motion estimation method, an estimation order and conditions for each pixel may be
defined.

[00251] Motion estimation may be performed based on a motion estimation method. For
example, a region to be compared for the motion estimation process may be a target block in the
case of block matching, and may be a predetermined region (template) set around the target
block in the case of template matching. In the former case, a block with the highest correlation
may be found within an estimable range of the target block and the reference region, and in the
latter case, a region with the highest correlation may be found within the estimable range of the
template defined according to a coding setting and the reference region.

[00252] Motion estimation may be performed based on a motion model. Motion
estimation and compensation may be performed using an additional motion model in addition to
a translation motion model that considers only parallel motion. For example, motion estimation
and compensation may be performed using a motion model that considers motion such as

rotation, perspective, and zoom-in/out as well as parallel motion. This may be supported to
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improve coding performance by generating a prediction block by reflecting the above various

types of motions occurring according to regional characteristics of an image.

[00253] FIG. 7 is a conceptual diagram illustrating a non-translation motion model
according to an embodiment of the present invention.

[00254] Referring to FIG. 7, as an example of an affine model, an example of expressing
motion information based on motion vectors V, and V; at a predetermined position is shown.
Since motion may be expressed based on a plurality of motion vectors, accurate motion
estimation and compensation may be possible.

[00255] As in the above example, inter prediction is performed based on a pre-defined
motion model, but inter prediction based on an additional motion model may also be supported.
Here, it is assumed that the pre-defined motion model is a translation motion model and the
additional motion model is an affine model, but the present invention is not limited thereto and
various modifications are possible.

[00256] In the case of a translation motion model, motion information (assuming uni-
directional prediction) may be expressed based on one motion vector, and a control point
(reference point) for indicating motion information is assumed to be a top-left coordinate, but is
not limited thereto.

[00257] In the case of a non-translation motion model, it may be expressed as motion
information of various configurations. In this example, it is assumed that the configuration is
expressed as additional information in one motion vector (relative to the top-left coordinate).
Some motion estimation and compensation mentioned through examples to be described later

may not be performed in units of blocks, but may be performed in units of predetermined sub-
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blocks. In this case, the size and position of the predetermined sub-block may be determined

based on each motion model.

[00258] FIG. 8 is an exemplary diagram illustrating motion estimation in units of sub-
blocks according to an embodiment of the present invention. In detail, it illustrates motion
estimation in units of sub-blocks according to the affine model (two motion vectors).

[00259] In the case of the translation motion model, a motion vector of pixel unit
included in a target block may be the same. That is, the motion vector may be collectively
applied to a pixel unit, and motion estimation and compensation may be performed using one
motion vector V.

[00260] In the case of a non-translation motion model (affine model), a motion vector of
pixel unit included in a target block may not be the same, and an individual motion vector for
each pixel may be required. In this case, a motion vector of a pixel unit or a sub-block unit may
be derived based on a motion vector (Vy, V1) at a position of a predetermined control point of the
target block, and motion estimation and compensation may be performed using the derived
motion vector.

[00261] For example, a motion vector of a sub-block or pixel unit within the target block
(e.9., (Vx,Vy)) may be derived by an equation Vy = (V1x-Vox) X X/ M - (V1y-Voy) X y I N + Vi,
Vy = (Viy-Voy) X X I M + (V1x-Vox) x y I N + Vyy. In the above equation, Vo (in this example,
(Vox,Voy)) refers to a motion vector at the top-left of the target block, and V: (in this example,
(V1x,V1y)) refers to a motion vector at the top-right of the target block. In consideration of
complexity, motion estimation and motion compensation of a non-translation motion model may

be performed in units of sub-blocks.
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[00262] Here, the size of the sub-block (M x N) may be determined according to a
coding setting, and may have a fixed size or may be set to an adaptive size. Here, M and N may
be 2, 4, 8, 16 or more integers, and M and N may or may not be the same. The size of the sub-
block may be explicitly generated in units such as a sequence, a picture, a sub-picture, a slice, a
tile, and a brick. Alternatively, it may be implicitly determined by a common commitment
between the encoder and the decoder, or may be determined by a coding setting.

[00263] Here, the coding setting may be defined by one or more elements in state
information, an image type, a color component, inter prediction setting information (motion
information coding mode, reference picture information, interpolation precision, motion model
selection information, etc.) of the target block.

[00264] In the above example, a process of deriving a size of a sub-block according to a
predetermined non-translation motion model, and performing motion estimation and
compensation based thereon has been described. As in the above example, motion estimation and
compensation in units of sub-blocks or pixels according to the motion model may be performed,
and detailed descriptions thereof will be omitted.

[00265] The following shows various examples of motion information constructed
according to a motion model.

[00266] For example, in the case of a motion model expressing rotational motion, a
translation motion of a block may be expressed with one motion vector, and rotational motion
may be expressed with rotation angle information. Rotation angle information may be measured
relative to (O degrees) a predetermined position (e.g., top-left coordinate), and may be expressed

as k candidates (k is an integer of 1, 2, 3 or more) having a predetermined interval (e.g., an angle

58



difference value having 0 degrees, 11.25 degrees, 22.25 degrees, etc.) in a predetermined angle
range (e.g., between -90 degrees and 90 degrees).

[00267] Here, the rotation angle information may be coded as it is during the motion
information coding process or may be coded based on motion information (e.g., motion vector,
rotation angle information) of an adjacent block (e.g., prediction + difference information).
[00268] Alternatively, a translation motion of a block may be expressed with one motion
vector, and a rotational motion of the block may be expressed with one or more additional
motion vectors. In this case, the number of additional motion vectors may be an integer of 1, 2,
or more, and a control point of an additional motion vector may be determined from among top-
right, bottom-left, and bottom-right coordinates, or other coordinates within the block may be set
as a control point.

[00269] Here, the additional motion vector may be coded as it is during the motion
information coding process, or coded based on motion information of an adjacent block (e.g., a
motion vector according to a translation motion model or a non-translation motion model) (e.qg.,
prediction + difference information) or may be coded based on another motion vector in a block
representing rotational motion (e.g., prediction + difference information).

[00270] For example, in the case of a motion model expressing a size adjustment or
scaling motion such as a zoom in/out situation, a translation motion of a block may be expressed
with a single motion vector, and a scaling motion may be expressed with scaling information.
The scaling information may be expressed as scaling information indicating expansion or
reduction in a horizontal or vertical direction based on a predetermined position (e.g., top-left

coordinate).
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[00271] Here, scaling may be applied to at least one of horizontal or vertical direction. In
addition, individual scaling information applied in a horizontal or vertical direction may be
supported, or scaling information applied in common direction may be supported. The width and
height of the scaled block may be added to a predetermined position (top-left coordinate) to
determine a position for motion estimation and compensation.

[00272] Here, the scaling information may be coded as it is during the motion
information coding process or may be coded (e.g., prediction + difference information) based on
motion information (e.g., motion vector, scaling information) of an adjacent block.

[00273] Alternatively, a translation motion of a block may be expressed with one motion
vector, and a size adjustment of the block may be expressed with one or more additional motion
vectors. In this case, the number of additional motion vectors may be an integer of 1, 2 or more,
and a control point of an additional motion vector may be determined from among top-right,
bottom-left, and bottom-right coordinates, or other coordinates within the block may be set as a
control point.

[00274] Here, the additional motion vector may be coded as it is during the motion
information coding process, or may be coded based on motion information of an adjacent block
(e.g., a motion vector according to a translation motion model or a non-translation motion model
other than motion) (e.g., prediction + difference information) or may be encoded (e.qg., prediction
+ difference) based on a predetermined coordinate (e.g., bottom-right coordinate) within a block.
[00275] In the above example, a case of expression for representing some motions has
been described, and may be expressed as motion information for expressing a plurality of

motions.
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[00276] For example, in the case of a motion model expressing various or complex
motions, a translation motion of a block may be expressed with one motion vector, a rotational
motion may be expressed with rotation angle information, and a size adjustment may be
expressed with scaling information. Since the description of each motion may be derived through
the above-described example, a detailed description will be omitted.

[00277] Alternatively, a translation motion of a block may be expressed with one motion
vector, and other motions of the block may be expressed with one or more additional motion
vectors. In this case, the number of additional motion vectors may be an integer of 1, 2 or more,
and the control point of the additional motion vector may be determined from among top-right,
bottom-left, and bottom-right coordinates, or other coordinates within the block may be set as
control points.

[00278] Here, the additional motion vector may be coded as it is during the motion
information encoding process, or may be coded based on motion information of an adjacent
block (e.g., a motion vector according to a translation motion model or a non-translation model)
(e.g., prediction + difference information), or may be coded (e.g., prediction + difference
information) based on other motion vectors within a block representing various motions.

[00279] The above description may be about the affine model, and will be described
based on a case where there are one or two additional motion vectors. In summary, it is assumed
that the number of motion vectors used according to the motion model may be 1, 2, or 3, and
may be regarded as individual motion models according to the number of motion vectors used to
express motion information. In addition, when there is one motion vector, it is assumed that it is

a pre-defined motion model.
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[00280] A plurality of motion models for inter prediction may be supported, and may be
determined by a signal indicating support of an additional motion model (e.g.,
adaptive_motion_mode_enabled_flag). Here, if the signal is 0, a pre-defined motion model is
supported, and if the signal is 1, a plurality of motion models may be supported. The signal may
be generated in units such as sequence, picture, sub-picture, slice, tile, brick, block, etc., but if it
is not possible to check separately, a value of the signal may be allocated according to a pre-
defined setting. Alternatively, whether to implicitly support or not may be determined based on a
coding setting. Alternatively, an implicit or explicit case may be determined according to the
coding setting. Here, the coding setting may be defined by one or more elements in an image
type, an image type (e.g., a normal image if 0, a 360 degree image if 1), or a color component.
[00281] Whether to support a plurality of motion models may be determined through the
above process. The following assumes that there are two or more additional motion models
supported, and it is assumed that multiple motion models are supported in units such as sequence,
picture, sub picture, slice, tile, brick, etc., but a some of the configuration that may be excluded.
In an example to be described later, it is assumed that motion models A, B, and C may be
supported, A is a basic supported motion model, and B and C are additionally supported motion
models.

[00282] Configuration information on a supported motion model may be generated in
the unit. That is, a supported motion model configuration such as {A, B}, {A, C}, {A, B, C} may
be possible.

[00283] For example, indexes (0 to 2) may be allocated to candidates of the above

configuration and selected. If index 2 is selected, a motion model configuration supporting {A, C}
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may be determined, and if index 3 is selected, a motion model configuration supporting {A, B, C}
may be determined.

[00284] Alternatively, information indicating whether a predetermined motion model is
supported may be individually supported. That is, a flag indicating whether B is supported, or a
flag indicating whether C is supported may be generated. If both flags are 0, only A may be
supported. This example may be an example in which information indicating whether a plurality
of motion models is supported is not generated and processed.

[00285] When a candidate group of supported motion models is configured as in the
above example, a motion model of one of the candidate groups may be explicitly determined and
used in block units, or may be used implicitly.

[00286] In general, the motion estimation unit may be a component present in the
encoding apparatus, but may be a component that may be included in the decoding apparatus
according to a prediction method (e.g., template matching, etc.). For example, in the case of
template matching, the decoder may obtain motion information of the target block by performing
motion estimation through a template adjacent to the target block. In this case, motion estimation
related information (e.g., a motion estimation range, a motion estimation method <scan order>,
etc.) may be implicitly determined or explicitly generated to be included in unit such as a
sequence, picture, subpicture, slice, tile, brick, etc.

[00287] The motion compensation unit refers to a process of obtaining data of some
blocks of a predetermined reference picture determined through a motion estimation process as a
prediction block of a target block. In detail, the prediction block of the target block may be

generated from at least one region (or block) of at least one reference picture based on motion
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information (e.g., reference picture information, motion vector information, etc.) obtained
through the motion estimation process.

[00288] Motion compensation may be performed based on the motion compensation
method as follows.

[00289] In the case of block matching, a prediction block of a target block may be
compensated with a data of a region corresponding to right by M and down by N relative to
(Px+Vyx, Py+Vy), which is explicitly obtained from a reference picture and is a coordinate
obtained through a motion vector (Vy, Vy) of a target block (M x N) and the top-left coordinate
(Px, Py) of the target block (P, Py).

[00290] In the case of template matching, a prediction block of a target block may be
compensated with a data of a region corresponding to right by M and down by N relative to
(Px+Vyx, Py+Vy), which is implicitly obtained from a reference picture and is a coordinate
obtained through a motion vector (Vy, Vy) of a target block (M x N) and the top-left coordinate

(P, Py) of the target block (Py, Py).

[00291] In addition, motion compensation may be performed based on a motion model
as follows.
[00292] In the case of a translation motion model, a prediction block of a target block

may be compensated with a data of a region corresponding to right by M and down by N relative
to (Px+Vy, Py+Vy), which is explicitly obtained from a reference picture and is a coordinate
obtained through one motion vector (Vy, Vy) of a target block (M x N) and the top-left coordinate
(Px, Py) of the target block (Px, Py).

[00293] In the case of a non-translation motion model, prediction blocks of sub-blocks

may be compensated with a data of a region corresponding to right by M and down by N relative
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to (Px+Vx, Py+Vy), which is a coordinate obtained through motion vectors (Vmx,Vny) 0f m x n
sub-blocks implicitly obtained through a plurality of motion vectors (Voy, Voy) and (Vix, Viy) of
a target block (M x N) explicitly acquired from a reference picture and the top-left coordinate
(Pmx: Pny) of each subblock. That is, the prediction blocks of the sub-blocks may be collected and
compensated to a prediction block of the target block.

[00294] The motion information determination unit may perform a process for selecting
optimal motion information of a target block. In general, the optimal motion information may be
determined in terms of encoding cost using the distortion of a block (for example, a distortion of
the target block and the reconstructed block. SAD (Sum of Absolute Difference), SSD (Sum of
Square Difference), etc.) and a rate-distortion technique considering an amount of bits generated
according to the corresponding motion information to determine. A prediction block generated
based on motion information determined through the above process may be transmitted to a
subtraction unit and an addition unit. In addition, it may be a configuration that may be included
in a decoding apparatus according to some prediction methods (e.g., template matching, etc.),
and in this case, it may be determined based on the distortion of the block.

[00295] In the motion information determination unit, setting information related to inter
prediction, such as a motion compensation method and a motion model, may be considered. For
example, when a plurality of motion compensation methods are supported, motion compensation
method selection information, corresponding motion vector, reference picture information, etc.
may be optimal motion information. Alternatively, when a plurality of motion models are
supported, motion model selection information, motion vector corresponding thereto, and

reference picture information may be optimal motion information.
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[00296] The motion information encoding unit may encode motion information of the
target block obtained through the motion information determination process. In this case, the
motion information may be composed of information on an image and a region referenced for
prediction of the target block. In detail, it may be composed of information on the referenced
image (e.g., reference image information) and information on the referenced region (e.g., motion
vector information).

[00297] In addition, setting information related to inter prediction (or selection
information, for example, a motion estimation/compensation method, selection information of a
motion model, etc.) may be included in the motion information of the target block. Information
(e.g., the number of motion vectors, etc.) on the reference image and the reference region may be
configured based on a setting related to inter prediction.

[00298] The motion information may be encoded by configuring the reference image
and the information on the reference region as one combination, and the combination of the
reference image and the information on the reference region may be configured as a motion
information coding mode.

[00299] Here, the information about the reference image and the reference region may
be obtained based on adjacent blocks or predetermined information (e.g., an image coded before
or after a current picture, a zero motion vector, etc.).

[00300] The adjacent block may be classified to a block belonging to the same space as
the target block and closest to the target block (inter_blk_A), a block belonging the same space
and far adjacent to the target block (inter_blk_B), and a block belonging to a space not identical

to the target block (inter_blk_C), and information about the reference image and the reference
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region may be obtained based on an adjacent block (candidate block) belonging to at least one of
the categories.

[00301] For example, motion information of the target block may be encoded based on
motion information or reference picture information of a candidate block, and the motion
information of the target block may be encoded based on information derived from the motion
information or the reference picture information of the candidate block (or information median
value, a transform process, etc.). That is, motion information of the target block may be predicted
from a candidate block and information about the motion information may be encoded.

[00302] In the present invention, motion information of the target block may be encoded
based on one or more motion information coding modes. Here, the motion information coding
mode may be defined in various ways, and may include one or more of a skip mode, a merge
mode, and a competition mode.

[00303] Based on the above-described template matching (tmp), it may be combined
with the motion information coding mode, or may be supported as a separate motion information
coding mode, or may be included in a detailed configuration of all or some of the motion
information coding modes. This presupposes a case where it is determined that template
matching is supported in a higher unit (e.g., picture, subpicture, slice, etc.), but a flag regarding
whether to support may be considered as a part of the inter prediction setting.

[00304] Based on the above-described method for performing block matching within the
current picture (ibc), it may be combined with the motion information coding mode, or may be
supported as a separate motion information coding mode, or may be included in a detailed

configuration of all or some of the motion information coding modes. This presupposes a case
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where it is determined that the block matching is supported in the current picture in a higher unit,
but a flag regarding whether to support may be considered as a part of the inter prediction setting.
[00305] Based on the above-described motion model (affine), the motion information
coding mode may be combined with the motion information coding mode, or may be supported
as a separate motion information coding mode, or may be included in a detailed configuration of
all or some of the motion information coding modes. This presupposes a case where it is
determined that the higher unit supports the non-translation motion model, but a flag regarding
whether to support may be considered as a part of the inter prediction setting.

[00306] For example, individual motion information coding modes such as temp_inter,
temp_tmp, temp_ibc, temp_affine may be supported. Alternatively, a combined motion
information coding mode such as temp_inter_tmp, temp_inter_ibc, temp_inter_affine,
temp_inter_tmp_ibc, etc. may be supported. Alternatively, a template-based candidate, a
candidate based on a method for performing block matching in the current picture, and an affine-
based candidate among the motion information prediction candidate group constituting temp
may be included.

[00307] Here, temp may mean a skip mode (skip), a merge mode (merge), and a
competition mode (comp). For example, it is the same as that motion information encoding
modes such as skip_inter, skip_tmp, skip_ibc, skip_affine in skip mode, and merge_inter,
merge_tmp, merge_ibc, merge_affine in merge mode, comp_inter, comp_tmp, comp_ibc,
comp_affine in competition mode are supported.

[00308] When the skip mode, merge mode, and competition mode are supported, and a
candidate considering the above factors is included in the motion information prediction

candidate group of each mode, one mode may be selected by a flag that distinguishes the skip
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mode, merge mode, and competition mode. As an example, a flag indicating whether the skip
mode is supported, and if the value is 1, the skip mode is selected. And if the value is 0, a flag
indicating whether the merge mode is supported. If the value is 1, the merge mode is selected,
and if the value is 0, the competition mode may be selected. In addition, candidates based on
inter, tmp, ibc, and affine may be included in the motion information prediction candidate group
of each mode.

[00309] Alternatively, when a plurality of motion information coding modes are
supported under one common mode, in addition to a flag for selecting one of the skip mode, the
merge mode, and the competition mode, an additional flag for distinguishing a detailed mode of
the selected mode may be supported. For example, when the merge mode is selected, it means
that a flag selecting a detailed mode among merge_inter, merge_tmp, merge_ibc, merge_affine,
etc., which are detailed modes related to the merge mode, are additionally supported.
Alternatively, a flag indicating whether it is merge_inter may be supported, and if it is not
merge_inter, a flag selecting among merge_tmp, merge_ibc, merge affine, etc., may be
additionally supported.

[00310] All or part of the motion information coding mode candidates may be supported
according to a coding setting. Here, the coding setting may be defined by more than one element
among state information, an image type, an image type, a color component, and an inter
prediction support setting (e.g., whether template matching is supported, whether block matching
is supported in a current picture, non-translation motion model support elements, etc.) of a target
block.

[00311] For example, a supported motion information coding mode may be determined

according to a size of a block. In this case, the size of the block may be determined by a first
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threshold size (minimum value) or a second threshold size (maximum value), and each threshold
size may be expressed as width (W) and height (H) of the block, W, H, W x H, and W*H. In the
case of the first threshold size, the W and H may be 4, 8, 16 or higher integers, and the W*H
may be 16, 32, 64 or higher integers. In the case of the second threshold size, W and H may be
integers of 16, 32, 64 or higher integers, and W*H may be an integer of 64, 128, 256 or higher
integers. The range may be determined by one of the first threshold size or the second threshold
size, or may be determined using both.

[00312] In this case, the threshold size may be fixed or may be adaptive according to an
image (e.g., image type, etc.). In this case, the first threshold size may be set based on sizes of a
minimum coding block, a minimum prediction block, and a minimum transform block, and the
second threshold size may be set based on sizes of a maximum coding block, a maximum
prediction block, and a maximum transform block.

[00313] For example, a supported motion information coding mode may be determined
according to an image type. In this case, the I picture type may include at least one of the skip
mode, the merge mode, and the competition mode. In this case, a method of performing block
matching (or template matching) in a current picture, an individual motion information coding
mode for an affine model (hereinafter, referred to as an element) may be supported, or a motion
information coding mode may be supported by combining two or more elements. Alternatively,
an element other than a predetermined motion information coding mode may be configured as a
motion information prediction candidate group.

[00314] The P/B image type may include at least one of the skip mode, the merge mode,
and the competition mode. In this case, a method of performing general inter prediction, template

matching, block matching on current picture, an individual motion information coding mode for
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an affine model (hereinafter referred to as an element) may be supported, or a motion
information coding mode may be supported by combining two or more elements. Alternatively,
an element other than a predetermined motion information coding mode may be configured as a

motion information prediction candidate group.

[00315] FIG. 9 is a flowchart illustrating coding of motion information according to an
embodiment of the present invention.

[00316] Referring to FIG. 9, a motion information coding mode of a target block may be
checked (S900).

[00317] The motion information coding mode may be defined by combining and setting
predetermined information (e.g., motion information, etc.) used for inter prediction. The
predetermined information may include one or more of a prediction motion vector, a motion
vector difference, a motion vector difference precision, reference image information, reference
direction, motion model information, information on the presence or absence of a residual
component, etc. The motion information coding mode may include at least one of a skip mode, a
merge mode, and a competition mode, and may include other additional modes.

[00318] The configuration and setting of explicitly generated information and implicitly
determined information may be determined according to the motion information coding mode. In
this case, in the explicit case, each information may be generated individually or may be
generated in a combination form (e.g., in the form of an index).

[00319] For example, in the skip mode or the merge mode, the prediction motion vector,
reference image information, and/or reference direction may be defined based on (one)

predetermined index information. In this case, the index may be composed of one or more
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candidates, and each candidate may be set based on motion information of a predetermined block
(e.g., a prediction motion vector, reference image information, and a reference direction of a
corresponding block are composed of one combination). In addition, the motion vector
difference may be implicitly processed (e.g., a zero vector).

[00320] For example, in the competition mode, the prediction motion vector, reference
image information, and/or reference direction may be defined based on (one or more)
predetermined index information. In this case, the index may be individually supported for each
piece of information, or a combination of two or more pieces of information may be supported.
In this case, the index may be composed of one or more candidates, and each candidate may be
set based on motion information of a predetermined block (e.g., a prediction motion vector, etc.),
or may be configured with a predetermined value (e.g., an interval between the current picture is
processed by 1, 2, 3, etc., and reference direction information is processed by LO, L1, etc.) (e.g.,
reference image information, reference direction information, etc.). In addition, the motion
vector difference may be explicitly generated, and motion vector difference precision
information may additionally be generated according to the motion vector difference (e.g., if it is
not a zero vector).

[00321] As an example, in the skip mode, information on the presence or absence of a
residual component may be implicitly processed (e.g., processed as cbf_flag = 0), and the motion
model may be implicitly processed as a predetermined value (e.g., supporting a parallel motion
model).

[00322] For example, in the merge mode or the competition mode, information on the
presence or absence of a residual component may be explicitly generated, and the motion model

may be explicitly selected. In this case, information for classifying the motion model may be
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generated in one motion information coding mode, or a separate motion information coding
mode may be supported.

[00323] In the above description, when one index is supported, index selection
information may not be generated, and when two or more indexes are supported, index selection
information may be generated.

[00324] In the present invention, a candidate group consisting of two or more indexes is
referred to as a motion information prediction candidate group. In addition, an existing motion
information coding mode may be changed or a new motion information coding mode may be
supported through various predetermined information and settings.

[00325] Referring to FIG. 9, a prediction motion vector of the target block may be
derived (S910).

[00326] The prediction motion vector may be determined as a predetermined value, or a
prediction motion vector candidate group may be constructed and selected from among them. In
the former case, it means a case that is implicitly determined, and in the latter case, index
information for selecting a prediction motion vector may be explicitly generated.

[00327] Here, the predetermined value may be set based on a motion vector of one block
at a predetermined position (e.g., a left, top, left, top-right, bottom-left direction block, etc.) or
may be set based on a motion vector of two or more blocks, or may be set to a default value (e.g.,
zero vector).

[00328] The prediction motion vector may have the same or different candidate group
construction settings according to a motion information coding mode. For example, the skip
mode/merge mode/competition mode may support a, b, and ¢ prediction candidates, respectively,

and the number of each candidate may be the same or different. In this case, a, b, and ¢ may be
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composed of an integer greater than or equal to 1 such as 2, 3, 5, 6, 7 and etc. The order of
constructing the candidate group, setting, etc. will be described through other embodiments. In
an example to be described later, the construction of the skip mode candidate group will be
described on the assumption that it is the same as the merge mode, but is not limited thereto and
some may have different construction.

[00329] The prediction motion vector obtained based on the index information may be
used as it is to reconstruct the motion vector of the target block, or may be adjusted based on a
reference direction and a distance between reference images.

[00330] For example, in the case of the competition mode, reference image information
may be generated separately. When a distance between the current picture and the reference
picture of the target block and a distance between a picture including the prediction motion
vector candidate block and the reference picture of the corresponding block are different, it may
be adjusted according to the distance between the current picture and the reference picture of the
target block.

[00331] In addition, the number of motion vectors derived according to the motion
model may be different. That is, in addition to the motion vectors of the top-left control point
positions, motion vectors at the top-right and bottom-left control points may be additionally
derived according to the motion model.

[00332] Referring to FIG. 9, a motion vector difference of the target block may be
reconstructed (S920).

[00333] The motion vector difference may be derived as a zero vector value in the skip
mode and the merge mode, and difference information of each component may be reconstructed

in the competition mode.

74



[00334] The motion vector may be expressed according to a predetermined precision
(e.g., set based on interpolation precision or set based on motion model selection information).
Alternatively, it may be expressed based on one of a plurality of precisions, and predetermined
information for this may be generated. In this case, the predetermined information may be
regarding selection about motion vector precision.

[00335] For example, when one component of the motion vector is 32/16, motion
component data for 32 may be obtained based on an implicit precision setting in units of 1/16
pixels. Alternatively, a motion component may be converted to 2/1 based on an explicit precision
setting in units of 2 pixels, and motion component data for 2 may be obtained.

[00336] The above configuration may be a method for precision processing of a motion
vector that has the same precision or is obtained by adding a motion vector difference and a
prediction motion vector obtained through the same precision conversion process.

[00337] In addition, the motion vector difference may be expressed according to a
predetermined precision or may be expressed with one of a plurality of precisions. In this case, in
the latter case, precision selection information may be generated.

[00338] The precision may include at least one of 1/16, 1/8, 1/4, 1/2, 1, 2, 4 pixel units,
and the number of candidates may be an integer greater than or equal tol, 2, 3, 4, 5. Here, the
supported precision candidate group configuration (e.g., divided by number, candidate, etc.) may
be explicitly determined in units such as a sequence, a picture, a sub-picture, a slice, a tile, and a
brick. Alternatively, it may be implicitly determined according to a coding setting, where the
coding setting may be defined by at least one or more elements in an image type, a reference

image, a color component, and motion model selection information.
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[00339] The following describes a case in which a precision candidate is formed
according to various coding elements, and the precision is described by assuming a description
of a motion vector difference, but this may be similar or applied to a motion vector.

[00340] For example, in the case of a translation motion model, a candidate group such
as {1/4, 1}, {1/4, 1/2}, {1/4, 112, 1}, {1/4, 1, 4}, {1/4, 1/2, 1, 4} may be configured, and in the
case of non-translation motion models, a precision candidate group such as {1/16, 1/4, 1}, {1/16,
1/8, 1} , {1/16, 1, 4}, {1/16, 1/4, 1, 2}, {1/16, 1/4, 1, 4} may be configured. This assumes that
the supported minimum precision is 1/4 pixel unit in the former case and 1/16 pixel unit in the
latter case, and additional precision other than the minimum precision may be included in the
candidate group.

[00341] Alternatively, when a reference image is a different picture, a candidate group
such as {1/4, 1/2, 1}, {1/4, 1, 4}, {1/4, 1/2, 1, 4} may be configured. In addition, when the
reference image is the current picture, a candidate group such as {1, 2}, {1, 4}, {1, 2, 4} may be
configured. In this case, the latter case may be a configuration that does not perform
interpolation in a fractional unit for block matching, and if interpolation in a fractional unit is
performed, it may be configured to include a precision candidate of a fractional unit.

[00342] Alternatively, when a color component is a luma component, a candidate group
such as {1/4, 1/2, 1}, {1/4, 1, 4}, {1/4, 1/2, 1, 4} may be possible. And when a color component
is a chroma component, a candidate group such as {1/8, 1/4}, {1/8, 1/2}, {1/8, 1}, {1/8, 1/4, 1/2},
{1/8, 1/2, 2}, {1/8, 1/4, 1/2, 2} may be possible. In this case, in the latter case, a candidate group
proportional to the luma component may be formed according to a color component composition

ratio (e.g., 4:2:0, 4:2:2, 4:4:4, etc.) or an individual candidate group may be configured.
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[00343] Although the above example describes a case where there are a plurality of
precision candidates according to each coding element, a case where there is one candidate
configuration (i.e., expressed with a predetermined minimum precision) may be possible.
[00344] In summary, a motion vector difference having a minimum precision may be
reconstructed based on a motion vector difference precision in the competition mode, and a
motion vector difference value having a zero vector value may be derived in the skip mode and
the merge mode.

[00345] Here, the number of motion vector difference reconstructed according to a
motion model may be different. That is, in addition to a motion vector difference of a position of
a top-left control point, a motion vector difference value of a position of top-right and bottom-
left control points may be additionally derived according to the motion model.

[00346] In addition, one motion vector difference precision may be applied to a plurality
of motion vector differences, or an individual motion vector difference precision may be applied
to each motion vector difference, which may be determined according to coding settings.
[00347] In addition, when at least one motion vector difference is not 0, information on
the motion vector difference precision may be generated, and otherwise, it may be omitted, but is

not limited thereto.

[00348] Referring to FIG. 9, the motion vector of the target block may be reconstructed
(S930).
[00349] The motion vector of the target block may be reconstructed by obtaining a

prediction motion vector and a motion vector difference obtained through the process prior to
this step, and adding them. In this case, when it is reconstructed by selecting one of a plurality of

precisions, a precision unification process may be performed.
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[00350] For example, the motion vector obtained by adding the prediction motion vector
(related to the motion vector precision) and the motion vector difference may be reconstructed
based on precision selection information. Alternatively, the motion vector difference (related to
the differential motion vector precision) may be reconstructed based on the precision selection
information, and the motion vector may be obtained by adding the reconstructed motion vector
difference and the prediction motion vector.

[00351] Referring to FIG. 9, motion compensation may be performed based on motion
information of the target block (S940).

[00352] The motion information may include reference image information, reference
direction, motion model information, etc. in addition to the above-described prediction motion
vector and motion vector difference. In the case of the skip mode and the merge mode, some of
the information (e.g., reference image information, reference direction, etc.) may be implicitly
determined, and in the case of the competition mode, related information may be explicitly
processed.

[00353] A prediction block may be obtained by performing motion compensation based
on the motion information obtained through the above process.

[00354] Referring to FIG. 9, decoding on a residual component of the target block may
be performed (S950).

[00355] The target block may be reconstructed by adding the residual component
obtained through the above process and the prediction block. In this case, explicit or implicit
processing may be performed on information about the presence or absence of the residual

component according to a motion information coding mode.
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[00356] FIG. 10 is a layout diagram of a target block and a block adjacent thereto
according to an embodiment of the present invention.

[00357] Referring to FIG. 10, a block <inter_blk_A> adjacent to a target block in the left,
top, top-left, top-right, bottom-left direction, etc., and a block<inter_blk_B> adjacent to a block
corresponding to the target block in a temporally not identical space (Col_Pic) in the center, left,
right, top, bottom, top-left, top-right, bottom-left, bottom-right direction, etc. may be configured
as a candidate block for prediction of motion information (e.g., a motion vector) of the target
block.

[00358] In the case of inter_blk_A, the direction of adjacent blocks may be determined
based on a coding order such as raster scan or z-scan, and the existing direction may be removed
or adjacent blocks in the right, bottom, bottom-right directions may be additionally composed of
a candidate block.

[00359] Referring to FIG. 10, Col_Pic may be an adjacent image before or after a current
image (e.g., when an interval between images is 1), and a corresponding block may have the
same position in the image as the target block.

[00360] Alternatively, Col_Pic may be an image in which the interval between images is
predefined relative to the current image (e.g., the interval between images is z. z is an integer of
1, 2, 3), and the corresponding block may be set to a position moved by a predetermined
disparity vector from a predetermined coordinate (e.g., top-left) of the target block, and the
disparity vector may be set to a pre-defined value.

[00361] Alternatively, Col_Pic may be set based on motion information (e.g., a reference
image) of an adjacent block, and the disparity vector may be set based on the motion information

(e.g., amotion vector) of the adjacent block to determine the location of the corresponding block.
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[00362] In this case, k adjacent blocks may be referenced, and k may be an integer of 1,
2 or more. If k is 2 or more, Col_Pic and the disparity vector may be obtained based on
calculations such as a maximum value, a minimum value, a median value, a weighted average
value of motion information (e.g., a reference image or a motion vector) of the adjacent block.
For example, the disparity vector may be set as a motion vector of the left or top block, and may
be set as a median value or an average value of the motion vectors of the left and bottom blocks.
[00363] The setting of a temporal candidate may be determined based on a motion
information configuration setting or etc. For example, a position of Col_Pic, a position of a
corresponding block, etc., may be determined according to whether motion information for
which motion information in units of blocks or motion information in units of sub-blocks is to be
included in a motion information prediction candidate group is configured in units of blocks or in
units of sub-blocks. For example, when motion information in units of sub-blocks is acquired, a
block at a position moved by a predetermined disparity vector may be set as the position of the
corresponding block.

[00364] The above example shows a case in which information on a position of a block
corresponding to Col_Pic is implicitly determined, and also related information may be explicitly
generated in units such as a sequence, a picture, a slice, a tile group, a tile, and a brick.

[00365] On the other hand, when a division unit partition such as a sub-picture, a slice, a
tile, etc. are not limited to one picture (e.g., the current picture) and are shared between images,
and if a position of a block corresponding to Col_Pic is different from the division unit to which
the target block belongs (that is, if it extends or deviates from a boundary of the division unit to

which the target block belongs), it may be determined based on motion information of a
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subsequent candidate according to a predetermined priority. Alternatively, it may be set as
identical position in the image with the target block.

[00366] The motion information of the above-described spatially adjacent block and the
temporally adjacent block may be included in the motion information prediction candidate group
of the target block, which is referred to as a spatial candidate and a temporal candidate. a spatial
candidates and b temporal candidates may be supported, and a and b may be integers of 1 to 6 or
more. In this case, a may be greater than or equal to b.

[00367] A fixed number of spatial candidates and temporal candidates may be supported,
or a variable number (e.g., 0 included) may be supported according to a configuration of
preceding motion information prediction candidates.

[00368] In addition, a block <inter_blk_C> not immediately adjacent to the target block
may be considered in the candidate group construction.

[00369] For example, motion information of a block positioned at a predetermined
interval difference relative to the target block (e.g., top-left coordinate) may be a target to be
included the candidate group. The interval may be p and g (depending on each component of the
motion vector), p and g may be integers of 2 or more, such as 0, 2, 4, 8, 16, 32, and p and g may
be the same or different. That is, assuming that the top-left coordinate of the target block is (m,
n), motion information of the block including the (m £ p, n £ q) position may be included in the
candidate group.

[00370] For example, motion information of a block for which coding has been
completed before the target block may be target to be included the candidate group. In this case,
based on a predetermined coding order (e.g., raster scan, Z scan, etc.) relative to the target block,

a predetermined number of recently coded blocks may be considered as candidates, and since the
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coding proceeds in a first-in, first-out method such as FIFO, a block having an old coding order
may be removed from the candidate.

[00371] Since the above example refers to a case in which motion information of the
non-most-adjacent block that has already been coded relative to the target block is included in
the candidate group, this is referred to as a statistical candidate.

[00372] In this case, a reference block for obtaining the statistical candidate may be set
as a target block, but a higher block of the target block (for example, if the target block is a
coding block <1>/prediction block <2>, the higher block is a maximum coding block <
1>/coding block <2>, etc.) may be set. K statistical candidates may be supported, and k may be
an integer of 1 to 6 or more.

[00373] Motion information obtained by combining motion information of the spatial
candidate, the temporal candidate, the statistical candidate, etc. may be included in the candidate
group. For example, a candidate obtained by applying a weighted average to each component of
a plurality of (2, 3 or more) motion information previously included in the candidate group may
be obtained, and a candidate obtained through a process of median, maximum, minimum, etc. for
each component of the plurality of motion information may be obtained. This is referred to as a
combination candidate, and r combination candidates may be supported, and r may be an integer
of 1, 2, 3 or more.

[00374] When the candidate used for the combination does not have the same
information on the reference image, it may be set as reference image information of the
combination candidate based on reference image information on one of the candidates or may be

set as a pre-defined value.
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[00375] A fixed number of the statistical candidates or combination candidates may be
supported, or a variable number may be supported according to a configuration of preceding
motion information prediction candidates.

[00376] In addition, a default candidate having a predetermined value such as (s, t) may
also be included in the candidate group, and a variable number (0, 1 or more integer) may be
supported according to a configuration of preceding motion information prediction candidates. In
this case, s and t may be set to include 0, and may be set based on various block sizes (e.g., the
maximum coding/prediction/transform block, the minimum coding/prediction/transform block's
horizontal or vertical length, etc.).

[00377] Depending on a motion information coding mode, the motion information
prediction candidate group may be constructed among the candidates, and other additional
candidates may be included. Also, a candidate group configuration setting may be the same or
different according to the motion information coding mode.

[00378] For example, the skip mode and the merge mode may construct the candidate
group in common, and the competition mode may construct an individual candidate group.
[00379] Here, the candidate group configuration setting may be defined by a category
and position of the candidate block (e.g., determined from among the left/top/top/left/top-
right/bottom-left directions, sub-block position for obtaining motion information among the
determined directions), the number of candidates (e.g., total number, a maximum number of each
category), a candidate construction method (e.g., priority of each category, priority within a
category, etc.).

[00380] The number of motion information prediction candidate groups (total number)

may be k, and k may be an integer of 1 to 6 or more. In this case, when the number of candidates
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IS one, it may mean that candidate group selection information is not generated and motion
information of a pre-defined candidate block is set as predicted motion information, and when
there are two or more, candidate group selection information may be generated.

[00381] The category of the candidate block may be one or more of inter_blk_A,
inter_blk_B, and inter_blk_C. In this case, inter_blk_A may be a category included by default,
and another category may be a category additionally supported, but is not limited thereto.
[00382] The above description may be related to the motion information prediction
candidate construction for the translation motion model, and the same or similar candidate blocks
may be used/referenced in the candidate group construction in the non-translation motion model
(affine model). On the other hand, the affine model may be different from the candidate group
construction of the translation motion model because the motion characteristics as well as the
number of motion vectors are different from the translation motion model.

[00383] For example, when the motion model of the candidate block is the affine model,
the motion vector set configuration of the candidate block may be included in the candidate
group as it is. For example, when top-left and top-right coordinates are used as control points, a
motion vector set of top-left and top-right coordinates of the candidate block may be included in
the candidate group as one candidate.

[00384] Alternatively, when the motion model of the candidate block is a translation
motion model, a motion vector combination of the candidate block, which is set based on the
position of the control point, may be constructed as a set and included in the candidate group.
For example, when the top-left, top-right, and bottom-left coordinates are used as control points,
the motion vector of the top-left control point may be predicted based on the motion vectors of

the top-left, top, and top-left blocks of the target block (e.g., in the case of the translation motion
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model), and the motion vector of the top-right control point may be predicted based on the
motion vector of the top and top-right block of the target block (e.g., in the case of the translation
motion model), and the motion vector of the bottom-left control point may be predicted based on
the motion model of the left and right of the target block. In the above example, a case where the
motion model of the candidate block set based on the position of the control point is the
translation motion model has been described, but even in the case of the affine model, it may be
possible to obtain only the motion vector of the control point position by obtaining or deriving it.
That is, a motion vector may be obtained or derived from among the top-left, top-right, bottom-
left, and bottom-right control points of the candidate block for motion vectors of the top-left, top-
right, and bottom-left control points of the target block.

[00385] In summary, when the motion model of the candidate block is the affine model,
the motion vector set of the corresponding block may be included in the candidate group (A),
and when the motion model of the candidate block is the translation motion model, a set of
motion vectors which is obtained according to combinations of control points considering a
motion vector of a predetermined control point of the target block, may be included in the
candidate group (B).

[00386] In this case, the candidate group may be constructed using only one of the A or
B method, or the candidate group may be constructed using both the A and B methods. In
addition, the method A may be used for construction first and the method B may be used for

construction later, but is not limited thereto.

[00387] FIG. 11 shows an exemplary diagram of a statistical candidate according to an

embodiment of the present invention.
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[00388] Referring to FIG. 11, blocks corresponding to A to L of FIG. 11 refer to blocks
on which coding has been completed separated by a predetermined interval from a target block.
[00389] When a candidate block for motion information of the target block is limited to
a block adjacent to the target block, various characteristics of an image may not be reflected. To
this end, a block that has been coded before the current picture may also be considered as a
candidate block. A category for this has already been referred to as inter_blk B, and this is
referred to as a statistical candidate.

[00390] Since the number of candidate blocks included in the motion information
prediction candidate group is limited, efficient statistical candidate management may be required
for this.

[00391] (1) A block at a predetermined position having a predetermined distance interval
from the target block may be considered as a candidate block.

[00392] As an example, a block having a predetermined interval may be considered as a
candidate block by limiting to the x component relative to a predetermined coordinate (e.g., top-
left coordinate, etc.) of the target block, and an example such as (-4, 0), (-8, 0), (-16, 0), (-32, 0),
etc. may be possible.

[00393] As an example, a block having a predetermined interval may be considered as a
candidate block by limiting to the y component relative to a predetermined coordinate of the
target block, and an example such as (0, -4), (0, -8), (0, -16), (0, -32), etc. may be possible.
[00394] As an example, a block having a predetermined interval other than 0 as x and y
components relative to a predetermined coordinate of the target block may be considered as a

candidate block, an example such as (-4, -4), (-4, -8), (-8, -4), (-16, 16), (16, -16), etc. may be
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possible. In this example, the x component may have a positive sign depending on the y
component.

[00395] A candidate block considered as statistical candidates may be limitedly
determined according to a coding setting. Refers to FIG. 11 for an example to be described later.
[00396] The candidate block may be classified as a statistical candidate according to
whether it belongs to a predetermined unit. Here, the predetermined unit may be determined
from a maximum coding block, a brick, a tile, a slice, a sub-picture, a picture, etc.

[00397] For example, when a candidate block is selected by limiting to a block
belonging to the same maximum coding block as the target block, A to C may be a target.
[00398] Alternatively, when a candidate block is selected by limiting to a block
belonging to the maximum coding block to which the target block belongs and a left maximum
coding block, A to C, H, I may the target.

[00399] Alternatively, when a candidate block is selected by limiting to a block
belonging to the maximum coding block to which the target block belongs and a top maximum
coding block, A to C, E, F may be the target.

[00400] Alternatively, when a candidate block is selected by limiting to a block
belonging to the same slice as the target block, A to | may be the target.

[00401] A candidate block may be classified as the statistical candidate according to
whether the candidate block is positioned in a predetermined direction relative to the target block.
Here, the predetermined direction may be determined from the left, top, top-left, top-right
direction, etc.

[00402] For example, when a candidate block is selected by limiting to a block

positioned in the left and top directions relative to the target block, B, C, F, I, L may be the target.
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[00403] Alternatively, when a candidate block is selected by limiting to a block
positioned in the left, top, top-left, or top-right direction relative to the target block, A to L may
be the target.

[00404] As in the above example, even if a candidate block considered as a statistical
candidate is selected, there may be a priority order for including in a motion information
prediction candidate group. That is, as many as the number of statistical candidates supported
may be selected in priority.

[00405] A predetermined order may be supported as the priority, or the priority may be
determined by various coding element. The coding element may be defined based on a distance
between the candidate block and the target block (e.g., whether it is a short distance, the distance
between blocks may be checked based on the x and y components), and a relative direction of the
candidate block relative to the target block (e.g., left, top, top-left, top-right direction, an order of
left -> top -> top-right -> left, etc.).

[00406] (2) A block that has been coded according to a predetermined coding order
relative to the target block may be considered as a candidate block.

[00407] The following example assumes that a raster scan (e.g., a maximum coding
block) and a Z-scan (e.g., a coding block, a prediction block, etc.) are followed, but it should be
understood that the contents described later may be changed according to a scan order.

[00408] In the case of the above-described example (1), a priority for constructing the
motion information prediction candidate group may be supported, and likewise, a predetermined
priority may be supported in this embodiment. The priority may be determined by various coding

elements, but for convenience of description, it is assumed that the priority is determined
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according to a coding order. In an example to be described later, a candidate block and priority
will be considered together.

[00409] A candidate blocks considered as a statistical candidate may be limitedly
determined according to a coding setting.

[00410] The candidate block may be classified as the statistical candidate according to
whether it belongs to a predetermined unit. Here, the predetermined unit may be determined
from the maximum coding block, brick, tile, slice, sub-picture, picture, etc.

[00411] For example, when a block belonging to the same picture as the target block is
selected as a candidate block, candidate blocks and a priority such as J-D-E-F-G-K-L-H-1-A-B-C
may be a target.

[00412] Alternatively, when a block belonging to the same slice as the target block is
selected as a candidate block, candidate blocks and a priority such as D-E-F-G-H-1-A-B-C may
be the target.

[00413] A candidate block may be classified as a statistical candidate according to
whether the candidate block is positioned in a predetermined direction relative to the target block.
Here, the predetermined direction may be determined from the left or top direction.

[00414] For example, when a candidate block is selected by limiting to the block located
in the left direction relative to the target block, candidate blocks and a priority such as K-L-H-I-
A-B-C may be the target.

[00415] Alternatively, when a candidate block is selected by limiting to a block
positioned in the top direction relative to the target block, candidate blocks and a priority such as

E-F-A-B-C may be the target.
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[00416] The description above is based on the assumption that candidate blocks and
priorities are combined, but is not limited thereto, and various candidate blocks and priorities
may be set.

[00417] It has been mentioned that a priority included in the motion information
prediction candidate group may be supported through the description of (1) and (2) above. One
or more of priorities may be supported, and one priority for the entire candidate block may be
supported. Or a candidate block may be classified into two or more categories, and individual
priorities according to the categories may be supported. In the former case, it may be an example
that k candidate blocks are selected from one priority, and in the latter case, it may be an
example that p and q (p + g = k) candidate blocks are selected from each priority (e.g., two
categories). In this case, the category may be classified based on a predetermined coding element,
and the coding element may include whether it belongs to a predetermined unit, whether a
candidate block is positioned in a predetermined direction relative to a target block, etc.

[00418] An example of selecting a candidate block based on whether it belongs to the
predetermined unit (e.g., a division unit) described through (1) and (2) has been described. Apart
from the division unit, a candidate block may be selected by limiting to blocks within a
predetermined range relative to the target block. For example, it may be identified by boundary
points defining a range of (x1, y1), (x2, y2), (x3, y3), etc., and a minimum value, a maximum
value of the x or y component. Values such as x1 to y3 may be integers such as 0, 4, and 8
(based on an absolute value).

[00419] A statistical candidate may be supported based on the setting of one of (1) or (2)
described above, or a statistical candidate in a form in which (1) and (2) are mixed may be

supported. Through the above description, how to select a candidate block for a statistical
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candidate has been described, and management and update of the statistical candidate, and a case
of being included in the motion information prediction candidate group will be described later.
[00420] The construction of the motion information prediction candidate group may
generally be performed in units of blocks, because motion information of a block adjacent to the
target block is likely to be the same or similar. That is, a spatial candidate or a temporal
candidate may be constructed based on the target block.

[00421] Meanwhile, the statistical candidate may be constructed based on a
predetermined unit because a position of a candidate block is not adjacent to the target block.
The predetermined unit may be a higher block including the target block.

[00422] For example, when the target block is a prediction block, a statistical candidate
may be constructed in units of a prediction block or a statistical candidate may be constructed in
units of a coding block.

[00423] Alternatively, when the target block is a coding block, a statistical candidate
may be constructed in units of a coding block, or a statistical candidate may be constructed in
units of an ancestor block (e.g., depth information is at least one difference from the target block).
In this case, the ancestor block may include the maximum coding block or may be a unit
acquired based on the maximum coding block (e.g., an integer multiple of the maximum coding
block).

[00424] As in the above example, the statistical candidate may be constructed based on a
target block or a higher unit, and in an example to be described later, it is assumed that the
statistical candidate is constructed based on the target block.

[00425] Also, memory initialization for the statistical candidate may be performed based

on a predetermined unit. The predetermined unit may be determined from a picture, a sub-picture,
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a slice, a tile, a brick, or a block, and in the case of the block, it may be set based on a maximum
coding block. For example, memory initialization for the statistical candidate may be performed
based on an integer number (1, 2, or more) of the maximum coding block, a row or column unit
of the maximum coding block, etc.

[00426] The following describes statistical candidate management and update. A
memory for managing statistical candidates may be prepared, and motion information of up to k
blocks may be stored. In this case, k may be an integer of 1 to 6 or more. Motion information
stored in the memory may be determined from a motion vector, a reference picture, and a
reference direction. Here, the number of motion vectors (e.g., 1 to 3, etc.) may be determined
based on motion model selection information. For convenience of explanation, a case in which a
block whose coding is completed according to a predetermined coding order based on the target
block is considered as a candidate block will be described later.

[00427] (case 1) Motion information of a block previously coded according to the coding
order may be included as a candidate in a preceding ranking. In addition, when the maximum
number is filled and updated by additional candidates, candidates in the preceding ranking may
be removed and the order may be shifted forward one by one. In the following examples, x

means a blank that has not yet been constructed.

[00428] (example)

[00429] 1 order-[a, X, X, X, X, X, X, X, X, X]

[00430] 2 order-[a, b, X, X, X, X, X, X, X, X]

[00431]

[00432] 9 order-[a, b, c,d, e, f, g, hi,X]

[00433] 10 order-[a, b, c, d, e, f, g, h, 1, J] -> add j. full
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[00434] 11 order-[b, c, d, e, f, g, h, i, j, k] -> add k. remove the leading a. shift order

[00435] (case 2) When duplicating motion information exists, a candidate that
previously exists is removed, and the order of the existing candidates may be adjusted to forward.
[00436] In this case, duplication means that the motion information is the same, which
may be defined by the motion information coding mode. As an example, in the case of the merge
mode, duplication may be determined based on a motion vector, a reference picture, and a
reference direction, and in the case of a competition mode, duplication may be determined based
on a motion vector and a reference picture. In this case, in the case of the competition mode, if
the reference pictures of each candidate are the same, duplication may be determined through
comparison of motion vectors, and if the reference pictures of each candidate are different,
duplication may be determined through comparison of motion vectors scaled based on the

reference pictures of each candidate, however it is not limited thereto.

[00437] (example)

[00438] 1 order-[a, b, c, d, e, f, g, X, X, X]

[00439] 2 order-[a, b, c, d, e, f, g, d, X, X] -> d overlap

[00440] -[a, b, c, e, 1, g, d, X, X, X] -> remove existing d, shift order

[00441] (case 3) When duplicating motion information exists, the corresponding

candidate may be marked and managed as a long-term stored candidate (long-term candidate)
according to a predetermined condition.
[00442] A separate memory for the long-term candidate may be supported, and

information such as occurrence frequency in addition to the motion information may be
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additionally stored and updated. In the following example, a memory for a long-term stored

candidate may be expressed as ().

[00443] (example)

[00444] 1 order-[(), b, c,d, e, f, g, h, 1], K]

[00445] 2 order-[(), b, c, d, e, f, g, h, i, ], K] -> e is the next order. overlap
[00446] -[(e), b, ¢, d, f, g, h, i, ], K] -> move to the front. long-term marking
[00447] 3 order-[(e), c, d, f, g, h, i, j, k, I] ->add I. remove b

[00448]

[00449] 10 order-[(e), I, m, n, 0, p, q, I, S, t] -> | is the next order. overlap
[00450] -[(e, 1), m,n,0,p, q,r,s, t] ->long-term marking

[00451] 11 order-[(e, ), m,n, 0, p, q, 1, S, t] -> | is the next order. 3 overlap
[00452] -[(1,€), m,n, 0,p, q,r,s, t] -> change long-term candidate order
[00453] The above example shows a case where the existing statistical candidates (short-

term candidates) are managed in an integrated manner, but may be managed separately from the
short-term candidates, and the number of long-term candidates may be 0, 1, 2 or more integers.
[00454] Short-term candidates may be managed in a first-in, first-out manner based on a
coding order, but long-term candidates may be managed according to frequency based on
candidates with redundancy among short-term candidates. In the case of the long-term
candidates, the order of the candidate may be changed according to the frequency in the process
of updating the memory, but is not limited thereto.

[00455] The above example may be a case where a candidate block is classified into two

or more categories and priority according to the category is supported. When constructing the
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motion information prediction candidate group to include a statistical candidate, a and b of short-
term and long-term candidates, respectively, may be constructed according to priority within
each candidate. Here, a and b may be 0, 1, 2, or more integers.

[00456] The above cases 1 to 3 are examples according to statistical candidates, and the
configuration of (case 1 + case 2) or (case 1 + case 3) may be possible, and the statistical

candidates may be managed in form of various modifications and additions.

[00457] FIG. 12 is a conceptual diagram of statistical candidates according to a non-
translation motion model according to an embodiment of the present invention.

[00458] The statistical candidate may be a candidate supported not only for a translation
motion model but also for a non-translation motion model. In the case of the translation motion
model, since the occurrence frequency is high, there may be many blocks that may be referenced
from a spatial or temporal candidate, etc., but in the case of the non-translation motion model,
the statistical candidate other than a spatial or temporal candidate may be required because the
occurrence frequency is small.

[00459] Referring to FIG. 12, a case where motion information {TV0, TV1} of the
target block is predicted (hmvp) based on motion information {PVO, PV1} of a block
<inter_blk_B> that belongs to the same space as the target block and is far adjacent to the target
block (hmvp).

[00460] Compared with the above-described statistical candidates of the translation
motion model, the number of motion vectors among motion information stored in the memory
may be increased. Therefore, the basic concept of the statistical candidate may be the same as or

similar to the translation motion model, and a related explanation may be derived with a
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configuration in which the number of motion vectors is different. The following will be
described later focusing on the differences according to the non-translation motion model. In the
example described later, it is assumed that the affine model has three control points (e.g., vO, v1,
and v2).

[00461] In the case of the affine model, motion information stored in the memory may
be determined from a reference picture, a reference direction, and motion vectors v0, v1, and v2.
Here, the stored motion vector may be stored in various forms. For example, a motion vector

may be stored as it is or predetermined difference value information may be stored.

[00462] FIG. 13 is an exemplary diagram for motion information construction of a
position of each control point stored as a statistical candidate according to an embodiment of the
present invention.

[00463] Referring to FIG. 13A, motion vectors of v0, v1, and v2 of a candidate block are
expressed as v0, v1, and v2, and in FIG. 13B, a motion vector of vO of a candidate block are
expressed as v0, and motion vector of vl and v2 are expressed as v*1 and v*2, which are
differences with the motion vector of vO.

[00464] That is, the motion vector of each control point position may be stored as it is or
a difference value from the motion vector of another control point position may be stored, which
may be an example of a configuration considered in terms of memory management, and various
examples of modifications may be possible.

[00465] Whether to support statistical candidates may be explicitly generated in units

such as a sequence, a picture, a slice, a tile, and a brick, or may be implicitly determined
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according to a coding setting. Since the coding setting may be defined by various coding
elements described above, detailed descriptions are omitted.

[00466] Here, whether to support the statistical candidate may be determined according
to a motion information coding mode. Alternatively, whether to support it may be determined
according to motion model selection information. For example, the statistical candidate may be
supported among merge_inter, merge_ibc, merge_affine, comp_inter, comp_ibc, comp_affine.
[00467] If the statistical candidates are supported for the translation motion model and
the non-translation motion model, memories for a plurality of statistical candidates may be
supported.

[00468] Next, a method of constructing a motion information prediction candidate group
according to a motion information coding mode will be described.

[00469] The motion information prediction candidate group for the competition mode
(hereinafter, the competition mode candidate group) may include k candidates, and k may be an
integer of 2, 3, 4 or more. The competition mode candidate group may include at least one of a
spatial candidate or a temporal candidate.

[00470] The spatial candidate may be derived from at least one of blocks adjacent to the
reference block in the left, top, top-left, top-right, and bottom-left directions. Alternatively, at
least one candidate may be derived from a block adjacent to the left (left, bottom-left blocks) and
a block adjacent to the top direction (top-left, top, top-right blocks), which will be described later
on the assumption of this setting.

[00471] There may be two or more priorities for constructing a candidate group. In a

region adjacent to the left direction, a priority order of (bottom-left)-(left) may be set, and in a
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region adjacent to the top direction, a priority order of (top-right)-(top)-(top-left) order may be
set.

[00472] In the above example, the spatial candidate may be derived only from a block in
which the reference picture of the target block is the same, and the spatial candidate may be
derived through a scaling process (marked with * in the following) based on the reference picture
of the target block. In this case, in a region adjacent to the left direction, a priority order of (left)-
(bottom-left)-(left*)-(bottom-left*) or (left)-(bottom-left)-(bottom-left*)-(left*) may be set, and
in a region adjacent to the top direction, a priority order of (top-right)-(top)-(top-left)-(top-
right*)-(top*)-(top-left*) or (top-right)-(top)-(top-left)-(top-left*)-(top*)-(top-right*) may be set.
[00473] The temporal candidate may be derived from at least one of blocks adjacent to
the center, left, right, top, bottom, top-left, top-right, bottom-left, bottom-right, etc. based on the
block corresponding to the reference block. Priorities for configuring candidate groups may exist,
and a priority such as (center)-(bottom-left)-(right)-(bottom)-(bottom-left)-(center)-(top-left), etc.
may be set.

[00474] When the sum of the maximum allowable number of spatial candidates and the
maximum allowable number of temporal candidates is less than the number of competition mode
candidates, the temporal candidate may be included in the candidate group regardless of the
construction of the candidate group of spatial candidates.

[00475] All or part of the candidates may be included in the candidate group based on
the priority, an availability of each candidate block, and a maximum allowable number of
temporal candidates (the number of g, an integer between 1 and the number of competition mode

candidates).
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[00476] Here, when the maximum allowable number of spatial candidates is set equal to
the number of merge mode candidates, the temporal candidate may not be included in the
candidate group, and when the maximum allowable number of spatial candidates is not filled, the
temporal candidate may be included in the candidate group. This example assumes the latter case.
[00477] Here, the motion vector of the temporal candidate may be obtained based on the
motion vector of the candidate block and a distance interval between the current image and the
reference image of the target block, and the reference image of the temporal candidate may be
obtained based on a distance interval between the current image and the reference image of the
target block, or may be obtained as a pre-defined reference image (e.g., a reference picture index
of 0).

[00478] If the competition mode candidate group is not filled with spatial candidates,
temporal candidates, etc., the candidate group construction may be completed through a default
candidate including a zero vector.

[00479] The competition mode focuses on the description of comp_inter, and in the case
of comp_ibc or comp_affine, a candidate group may be constructed for similar or different
candidates.

[00480] For example, in the case of comp_ibc, a candidate group may be constructed
based on a predetermined candidate selected from the spatial candidate, the statistical candidate,
the combination candidate, and the default candidate. In this case, the candidate group may be
constructed by prioritizing the spatial candidate, and then the candidate group may be
constructed in the order of statistical candidate - combination candidate - default candidate, etc.,

but the order is not limited thereto.
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[00481] Alternatively, in the case of comp_affine, a candidate group may be constructed
based on a predetermined candidate selected from the spatial candidate, the statistical candidate,
the combination candidate, and the default candidate. In detail, a motion vector set candidate of
the candidate (e.g., one block) may be constructed in a candidate group <1>, or a candidate in
which motion vectors of candidates (e.g., two or more blocks) based on a control point position
are combined may be constructed configured in a candidate group <2>. The order in which the
candidate for <1> is first included in the candidate group and then the candidate for <2> is
included in the candidate group may be possible, but is not limited thereto.

[00482] Since the detailed description of the above-described construction of various
competition mode candidate groups may be derived from comp_inter, detailed descriptions are
omitted.

[00483] In the process of constructing the competition mode candidate group, when
duplicating motion information exists among the candidates included first, the candidate
included first may be maintained and the candidate having the next priority may be included in
the candidate group.

[00484] Here, before constructing the candidate group, the motion vector of the
candidate group may be scaled based on a distance between the reference picture of the target
block and the current picture. For example, when the distance between the reference picture of
the target block and the current picture, and the distance between the reference picture of the
candidate block and the picture to which the candidate block belongs are the same, a motion
vector may be included in the candidate group, and otherwise, a motion vector scaled according
to the distance between the reference picture of the target block and the current picture may be

included in the candidate group.
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[00485] In this case, redundancy may mean that the motion information is the same,
which may be defined by a motion information coding mode. In the case of the competition
mode, duplication may be determined based on a motion vector, a reference picture, and a
reference direction. For example, when the components of at least one motion vector are
different, it may be determined that there is no duplication. The redundancy check process may
generally be performed when a new candidate is included in the candidate group, but it may be
modified to be omitted.

[00486] The motion information prediction candidate group for the merge mode
(hereinafter, the merge mode candidate group) may include k candidates, and k may be an
integer of 2, 3, 4, 5, 6 or more. The merge mode candidate group may include at least one of a
spatial candidate or a temporal candidate.

[00487] The spatial candidate may be derived from at least one of blocks adjacent to the
reference block in the left, top, top-left, top-right, and bottom-left directions. Priorities for
constructing the candidate group may exist, and priorities such as (left)-(top)-(bottom-left)-(top
right)-(top-left), (left)-(top)-(top-right)-(bottom-left)-(top-left), (top)-(left)-(bottom-left)-(top-
left)-(top-right) may be set.

[00488] All or some of the candidates may be included in the candidate group based on
based on the priority, availability of each candidate block (e.g., determined based on coding
mode, block position, etc.), and the maximum allowable number of spatial candidates (the
number of p, integer between 1 and the number of merge mode candidate groups). According to
the maximum allowable number and the availability, it may not be included in the candidate
group in the order of tl-tr-bl-t3-13. If the maximum allowable number is 4 and the availability of

all candidate blocks is true, motion information of tl may not be included in the candidate group,
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and if the availability of some candidate blocks is false, the motion information of tl may be
included in the candidate group.

[00489] The temporal candidate may be derived from at least one of blocks adjacent to
the center, left, right, top, bottom, top-left, top-right, bottom-left, bottom-right, etc., based on the
block corresponding to the reference block. Priorities for constructing candidate groups may
exist, and priorities such as (center)-(bottom-left)-(right)-(bottom), (bottom-left)-(center)-(top-
left), etc. may be set.

[00490] All or part of the candidates may be included in the candidate group based on
the priority, the availability of each candidate block, and the maximum allowable number of
temporal candidates (g, an integer between 1 and the number of merge mode candidates).
[00491] Here, the motion vector of the temporal candidate may be obtained based on the
motion vector of the candidate block, and the reference image of the temporal candidate may be
obtained based on the reference image of the candidate block or may be obtained as a pre-
defined reference image (e.g., a reference picture index is 0).

[00492] As for a priority included in the merge mode candidate group, (spatial candidate)
- (temporal candidate) or vice versa may be set, and a priority in which a spatial candidate and a
temporal candidate are mixed may be supported. In this example, (spatial candidate) - (temporal
candidate) is assumed.

[00493] In addition, a statistical candidate or a combination candidate may be further
included in the merge mode candidate group. The statistical candidate and the combination
candidate may be constructed after the spatial candidate and the temporal candidate, but are not

limited thereto and various priorities may be set.
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[00494] As for the statistical candidate, up to n pieces of motion information may be
managed, and among this, z pieces of motion information may be included in the merge mode
candidate group as statistical candidates. z may be variable according to a candidate construction
already included in the merge mode candidate group, may be an integer of 0, 1, 2 or more, and
may be less than or equal to n.

[00495] The combination candidate may be derived by combining n candidates already
included in the merge mode candidate group, and n may be an integer of 2, 3, 4 or more. The
number of combination candidates (n) may be information explicitly generated in units such as a
sequence, a picture, a sub-picture, a slice, a tile, a brick, or a block. Alternatively, it may be
implicitly determined according to a coding setting. In this case, the coding setting may be
defined based on one or more factors in a size, a shape, a position, an image type, and a color
component of the reference block.

[00496] Also, the number of combination candidates may be determined based on the
number of candidates that have not been filled in the merge mode candidate group. In this case,
the number of candidates that is not filled in the merge mode candidate group may be a
difference value between the number of merge mode candidates and the number of already filled
candidates. That is, if the merge mode candidate group construction has already been completed,
the combination candidate may not be added. If the merge mode candidate group construction is
not completed, the combination candidate may be added, but when there are less than or equal to
one candidate filled in the merge mode candidate group, the combination candidate is not added.
[00497] If the merge mode candidate group is not filled with the spatial candidate, the
temporal candidate, the statistical candidate, the combination candidate, etc., the candidate group

construction may be completed through a default candidate including a zero vector.
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[00498] The merge mode focuses on the description of merge_inter, and in the case of
merge_ibc or merge_affine, a candidate group may be constructed for similar or different
candidates.

[00499] For example, in the case of merge _ibc, a candidate group may be constructed
based on a predetermined candidate selected from the spatial candidate, the statistical candidate,
the combination candidate, and the default candidate. In this case, the candidate group may be
constructed by prioritizing the spatial candidate, and then the candidate group may be
constructed in the order of (statistical candidate) - (combination candidate) - (default candidate),
etc, but the order is not limited thereto.

[00500] Alternatively, in the case of merge_affine, a candidate group may be constructed
based on a predetermined candidate selected from the spatial candidate, the temporal candidate,
the statistical candidate, the combination candidate, and the default candidate. In detail, a motion
vector set candidate of the candidate (e.g., one block) may be constructed in a candidate group
<1>, or a candidate in which motion vectors of candidates (e.g., two or more blocks) based on a
control point position are combined may be constructed in a candidate group <2>. The order in
which the candidate for <1> is first included in the candidate group and then the candidate for
<2> is included be possible, but is not limited thereto.

[00501] Since the detailed description of the above-described construction of various
merge mode candidate groups may be derived from merge_inter, a detailed description will be
omitted.

[00502] In the process of constructing the merge mode candidate group, if overlapping
motion information exists among the candidates included first, the candidate included first may

be maintained and the candidate having the next priority may be included in the candidate group.
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[00503] In this case, redundancy means that the motion information is the same, which
may be defined by a motion information coding mode. In the case of the merge mode, it may be
determined to be overlapped based on a motion vector, a reference picture, and a reference
direction. For example, if a component of at least one motion vector are different, it may be
determined that there is no overlap. The redundancy check process may generally be performed

when a new candidate is included in the candidate group, but it may be modified to be omitted.

[00504] FIG. 14 is a flowchart illustrating motion information coding according to an
embodiment of the present invention.

[00505] A motion vector prediction candidate list of a target block may be generated
(S1400). The aforementioned competition mode candidate group may mean a motion vector
candidate list, and a detailed description thereof will be omitted.

[00506] A motion vector difference of the target block may be reconstructed (S1410).
Differences for the x and y components of the motion vector may be individually reconstructed,
and the differences for each component may have a value of 0 or more.

[00507] A prediction candidate index of the target block may be selected from a motion
vector prediction candidate list (S1420). A motion vector predictor of the target block may be
derived based on a motion vector obtained according to the candidate index from the candidate
list. If one predetermined motion vector predictor may be derived, the process of selecting the
prediction candidate index and the index information may be omitted.

[00508] Precision information of the motion vector difference may be derived (S1430).
Precision information commonly applied to x and y components of the motion vector may be

derived, or precision information applied to each component may be derived. If the motion
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vector difference is 0, the precision information may be omitted, and this process may also be
omitted.

[00509] An adjustment offset for the motion vector predictor may be derived (S1440).
The offset may be a value added or subtracted to the x or y component of the motion vector
predictor. The offset may be supported only for one of the x and y components, or may be
supported for both the x and y components.

[00510] Assuming that the motion vector predictors are (pmv_x, pmv_y) and the
adjustment offsets are offset x and offset_y, the motion vector predictors may be adjusted (or
obtained) to (pmv_x + offset_x, pmv_y + offset_y).

[00511] Here, the absolute values of offset x and offset y may be 0, 1, 2 or more
integers, respectively, and may have values (+1, -1, +2, -2, etc.) that sign information is
considered together. Also, offset_x and offset_y may be determined based on a predetermined
precision. The predetermined precision may be determined in units of 1/16, 1/8, 1/4, 1/2, and 1
pixel, and may be determined based on interpolation precision, motion vector precision, etc.
[00512] For example, if the interpolation precision is in units of 1/4 pixels, it may be
derived to be 0, 1/4, -1/4, 2/4, -2/4, 3/4, -3/4 combined with the absolute value and sign
information.

[00513] Here, offset x and offset_y may be supported by a and b, respectively, and a
and b may be 0, 1, 2 or more integers. a and b may have fixed values or may have variable values.
Also, a and b may have the same or unequal values.

[00514] Whether to support the adjustment offset for the motion vector predictor may be
explicitly supported in units such as a sequence, a picture, a sub-picture, a slice, a tile, a brick,

etc., or may be implicitly determined according to a coding setting. In addition, the setting of the
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adjustment offset (e.g., a range of values, a number, etc.) may be determined according to the
coding setting.

[00515] The coding setting may be determined in consideration of at least one of coding
elements such as an image type, color component, state information of the target block, motion
model selection information (e.g., whether it is a translation motion model), a reference picture
(e.g., whether it is a current picture), and motion vector precision difference selection
information (e.g., whether it is a predetermined unit among 1/4, 1/2, 1, 2, 4 units).

[00516] For example, whether to support the adjustment offset and offset setting may be
determined according to a size of a block. In this case, the size of the block may be determined
by a first threshold size (minimum value) or a second threshold size (maximum value), and each
threshold size may be expressed as W, H, W x H, and W*H with a width (W) and height (H) of
the block. In the case of the first threshold size, W and H may be 4, 8, 16 or more integers, and
W*H may be 16, 32, 64 or more integers. In the case of the second threshold size, W and H may
be 16, 32, 64 or more integers, and W*H may be 64, 128, 256 or more integers. The range may
be determined by one of the first threshold size or the second threshold size, or may be
determined using both.

[00517] In this case, the threshold size may be fixed or may be adaptive according to an
image (e.g., image type, etc.). In this case, the first threshold size may be set based on sizes of a
minimum coding block, a minimum prediction block, a minimum transform block, and the
second threshold size may be set based on sizes of a maximum coding block, a maximum
prediction block, a maximum transform block.

[00518] Further, the adjustment offset may be applied to all candidates included in the

motion information prediction candidate group or may be applied to only some candidates. In an
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example to be described later, it is assumed that all candidates included in the candidate group
may be applied, but a candidate to which the adjustment offset is applied may be selected from O,
1, 2 to the maximum number of candidates.

[00519] If the adjustment offset is not supported, this process and the adjustment offset
information may be omitted.

[00520] The motion vector of the target block may be reconstructed by adding the
motion vector predictor and the motion vector difference (S1450). In this case, a process of
unifying the motion vector predictor or the motion vector difference with the motion vector
precision may precede, and the above-described motion vector scaling process may precede or

may be performed during this process.

[00521] The configuration and order are not limited thereto, but may be variously
changed.
[00522] FIG. 15 is an exemplary diagram for a motion vector prediction candidate and a

motion vector of a target block according to an embodiment of the present invention.

[00523] For convenience of explanation, two motion vector prediction candidates are
supported, and one component (either x or y component) is assumed to be compared. In addition,
it is assumed that the interpolation precision or the motion vector precision is 1/4 pixel unit. In
addition, it is assumed that 1/4, 1, and 4 pixel units are supported (e.g., if 1/4, assumed to be
binarized as <0>, if 1, assumed to be binarized as <10>, and if 4, assumed to be binarized as
<11>) for the motion vector difference precision. In addition, it is assumed that sign information
is omitted for the motion vector difference and the motion vector difference is processed by

unary binarization (e.g., 0: <0>, 1: <10>, 2: <110>, etc.).
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[00524] Referring to FIG. 15, an actual motion vector X has a value of 2, candidate 1 (A)
has a value of 0, and candidate 2 (B) has a value of 1/4.

[00525] (in case where differential motion vector precision is not supported)

[00526] Since the distance (da) between A and X is 8/4 (9 bits) and the distance between

B and X (db) is 7/4 (8 bits), a prediction candidate may be selected as B in terms of bit amount

generation.
[00527] (in case where motion vector difference precision is supported)
[00528] Since da is 8/4, 1 pixel unit precision (2 bits) and 2/1 difference information (3

bits) may be generated, thus a total of 5 bits may be generated. On the other hand, since db is 7/4,
1/4 pixel unit precision (1 bit) and 7/4 difference information (8 bits) may be generated, thus a
total of 9 bits may be generated. The prediction candidate may be selected as A, in terms of bit
amount generation.

[00529] As in the above example, if the motion vector difference precision is not
supported, it may be advantageous to select a candidate with a short distance interval from the
motion vector of the target block as the prediction candidate. If supported, in addition to the
distance interval from the motion vector of the target block, it may be important to be selected as
the prediction candidate based on the amount of information generated based on precision

information.

[00530] FIG. 16 is an exemplary diagram for a motion vector prediction candidate and a

motion vector of a target block according to an embodiment of the present invention. In the

following, it is assumed that the motion vector difference precision is supported.
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[00531] Since da is 33/4, a 1/4 pixel unit precision (1 bit) and 33/4 difference
information (34 bits) may be generated, thus a total of 35 bits may be generated. On the other
hand, since db is 21/4, 1/4 pixel unit precision (1 bit) and 21/4 difference information (22 bits)
may be generated, thus a total of 23 bits may be generated. The prediction candidate may be

selected as B, in terms of bit amount generation.

[00532] FIG. 17 is an exemplary diagram for motion a vector prediction candidate and a
motion vector of a target block according to an embodiment of the present invention. In the
following, it is assumed that the motion vector difference precision is supported and the
adjustment offset information is supported.

[00533] In this example, it is assumed that the adjustment offset has 0 and +1 candidates,
and a flag (1 bit) and offset selection information (1 bit) indicating whether the adjustment offset
has been applied are generated.

[00534] Referring to FIG. 17, A1l and B1 may be motion vector predictors obtained
based on a prediction candidate index, and A2 and B2 may be new motion vector predictors

obtained by modifying A1 and B1 with an adjustment offset. It is assumed that the distances
between Al, A2, B1, B2 from X are dal, da2, dbl, db2, respectively.

[00535] (1) Since dal is 33/4, 1/4 pixel unit precision (1 bit), offset application flag (1
bit), offset selection information (1 bit), and 33/4 difference information (34 bits) may be
generated, thus a total of 37 bits may be generated.

[00536] (2) Since da2 is 32/4, 4 pixel unit precision (2 bits), offset application flag (1
bit), offset selection information (1 bit), and 2/1 difference information (3 bits) may be generated,

thus a total of 7 bits may be generated.
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[00537] (3) Since dbl is 21/4, 1/4 pixel unit precision (1 bit), offset application flag (1
bit), offset selection information (1 bit), and 21/4 difference information (22 bits) may be
generated, thus a total of 25 bits may be generated.

[00538] (4) Since db2 is 20/4, 1 pixel unit precision (2 bits), offset application flag (1
bit), offset selection information (1 bit), and 5/1 difference information (6 bits) may be generated,
thus a total of 10 bits may be generated.

[00539] In terms of bit amount generation, the prediction candidate may be selected as A,
and the offset selection information may be selected as index 1 (+1 in this example).

[00540] In the above example, when a motion vector difference is derived based on an
existing motion vector predictor, there may be a case in which many bits are generated due to a
small difference in vector values. The above problem may be solved by adjusting the motion
vector predictor.

[00541] A predetermined flag may be supported to apply the adjustment offset to the
motion vector predictor. The predetermined flag may be configured through an offset application
flag, offset selection information, etc.

[00542] (If only offset application flag is supported)

[00543] When the offset application flag is 0, the offset is not applied to the motion
vector predictor, and when the offset application flag is 1, a predetermined offset may be added
or subtracted to the motion vector predictor.

[00544] (If only offset selection information is supported)

[00545] An offset set based on the offset selection information may be added or
subtracted to the motion vector predictor.

[00546] (If offset application flag and offset selection information are supported)
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[00547] When the offset application flag is 0, the offset is not applied to the motion
vector predictor, and when the offset application flag is 1, the offset set based on the offset
selection information may be added or subtracted to the motion vector predictor. This setting is
assumed in an example to be described later.

[00548] Meanwhile, the offset application flag and offset selection information may be
used as information that is unnecessarily generated in some cases. That is, even if the offset is
not applied, if the information has already been zero or the amount of information is reduced
based on the maximum precision information, the offset-related information may be rather
inefficient. Therefore, it is necessary to support a setting that is implicitly generated according to
a predetermined condition, not when the offset-related information is always explicitly generated.
[00549] Next, it is assumed that the motion-related coding sequence is (motion vector
difference reconstruction -> motion vector difference precision acquisition). In this example, it is
assumed that the motion vector difference precision is supported when at least one of the x and y
components is not zero.

[00550] When the motion vector difference is not 0, one of {1/4, 1/2, 1, 4} pixel units
may be selected for the motion vector difference precision.

[00551] If the selection information belongs to a predetermined category, information on
the adjustment offset may be implicitly omitted, and if not, information on the adjustment offset
may be explicitly generated.

[00552] Here, the category may include one of differential motion vector precision
candidates, it may be possible to configure with various categories such as {1/4}, {1/4, 1/2},

{1/4, 1/2, 1}. Here, a minimum precision may be included in the category.
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[00553] For example, if the motion vector difference precision is 1/4 pixel unit (e.g.,
minimum precision), an offset application flag is implicitly set to O (i.e., not applied), and if the
motion vector difference precision is not 1/4 pixel, the offset application flag is explicitly
generated, and if the offset application flag is 1 (i.e., offset application), offset selection
information may be generated.

[00554] Alternatively, when the motion vector difference precision is 4 pixels unit (e.g.,
maximum precision), an offset application flag is explicitly generated, and when the offset
application flag is 1, offset selection information may be generated. Alternatively, when the
motion vector difference precision is not 4 pixels unit, the offset information may be implicitly
set to 0.

[00555] The above example assumes that the offset-related information is implicitly
omitted when the motion vector difference indicates the minimum precision, and the offset-
related information is explicitly generated when the motion vector difference indicates the

maximum precision, but is not limited thereto.

[00556] FIG. 18 is an exemplary diagram illustrating an arrangement of a plurality of
motion vector predictors according to an embodiment of the present invention.

[00557] Through the above-described example, the part regarding redundancy check
when constructing the motion information prediction candidate group has been described. Here,
the redundancy means that the motion information is the same, and it has been described above
that if the components of at least one motion vector are different, it may be determined that there

IS no redundancy.
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[00558] A plurality of candidates for the motion vector predictor may not overlap each
other through the redundancy check process. However, when the plurality of candidate
component elements are very similar (i.e., X or y components of each candidate exist within a
predetermined range, and a width or height of the predetermined range is an integer of 1, 2, or
more. Or, the range is may be set based on the offset information), the motion vector predictor
and the offset-modified motion vector predictor may overlap. Various settings for this may be
possible.

[00559] As an example (C1), in the step of constructing the motion information
prediction candidate group, the new candidate may be included in the candidate group when they
do not overlap with the already included candidate. That is, it may be a configuration that may be
included in the candidate group if it is not overlapped only by comparison of the candidate itself
the same as the previous description.

[00560] As an example (C2), if a new candidate and a candidate obtained by adding an
offset based thereon (group_A) and an already included candidate and a candidate obtained by
adding an offset based thereon (group_B) do not overlap by a predetermined number, it may be
included in the candidate group. The predetermined number may be an integer of 0, 1, or more.
If the predetermined number is O, if even one is overlapped, the corresponding new candidate
may not be included in the candidate group. Alternatively, (C3), a predetermined offset (this is a
different concept from the adjustment offset) may be added to the new candidate to be included
in the candidate group, and the offset may be a value enabling group_A to be configured so as
not to overlap with group_B.

[00561] Referring to FIG. 18, it may be a case where a plurality of motion vectors

belonging to the categories of A, B, C, D (in this example, AX, BX, CX, DX. X is 1 and 2. For
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example, Al is a candidate included in the candidate group before A2.) satisfy a non-overlapping
condition (if any one component of the candidate motion vector is different).

[00562] In this example, it is assumed that -1, 0, 1 are supported for the x and y
components, respectively, and the offset-modified motion vector predictor may be expressed as *
in the drawing. Further, a dotted line (square) denotes a range (e.g., group_A, group_B, etc.) that
may be obtained by adding an offset based on a predetermined motion vector predictor.

[00563] In the case of category A, it may correspond to a case where Al and A2 do not
overlap, and group_A1 and group_A2 do not overlap.

[00564] In the case of categories B, C, D, it may correspond to a case where B1/C1/D1
and B2/C2/D2 do not overlap, and group_B1/C1/D1 and group_B2/C2/D2 partially overlap.
[00565] Here, in the case of category B, it may be an example of constructing a
candidate group without taking any special action (C1).

[00566] Here, in the case of category C, it may be a configuration in which it is
determined that C2 has redundancy in the redundancy check step, and C3 in the next priority is
included in the candidate group (C2).

[00567] Here, in the case of category D, it may be a case in which it is determined that
D2 has redundancy in the redundancy check step, and D2 is modified so that group_D2 does not
overlap with group_D1 (i.e., D3. D3 is not a motion vector existing in the candidate group
construction priority) (C3).

[00568] Among the various categories, it may be applied to a setting in which a
prediction mode candidate group is constructed, or various methods other than those mentioned

above may be applied.
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[00569] FIG. 19 is a flowchart illustrating motion information coding in a merge mode
according to an embodiment of the present invention.

[00570] A motion information prediction candidate list of a target block may be
generated (S1900). The above-mentioned merge mode candidate group may mean a motion
information prediction candidate list, and a detailed description thereof will be omitted.

[00571] A prediction candidate index of the target block may be selected from the
motion information prediction candidate list (51910). A motion vector predictor of the target
block may be derived based on motion information obtained according to the candidate index
from the candidate list. If one predetermined motion information predictor may be derived, the
process of selecting the prediction candidate index and the index information may be omitted.
[00572] An adjustment offset for the motion vector predictor may be derived (51920).
The offset may be a value added or subtracted to the x or y component of the motion vector
predictor. The offset may be supported only for one of the x or y component, or may be
supported for both the x and y components.

[00573] Since the adjustment offset in this process may be the same as or similar to the
above adjustment offset, detailed descriptions are omitted, and a part of the difference will be
described later.

[00574] Assuming that the motion vector predictors are (pmv_x, pmv_y) and the
adjustment offsets are offset_x and offset_y, the motion vector predictors may be adjusted (or
obtained) to (pmv_x + offset_x, pmv_y + offset_y).

[00575] Here, the absolute values of offset_x and offset_y may be integers such as 0, 1,

2, 4, 8, 16, 32, 64, 128, etc., respectively, and may have a value that sign information is
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considered together. Also, offset_x and offset_y may be determined based on a predetermined
precision. The predetermined precision may be determined in units of 1/16, 1/8, 1/4, 1/2, 1 pixel.
[00576] For example, if the motion vector precision is 1/4 pixel unit, the motion vector
precision may be derived to 0, 1/4, -1/4, 1/2, -1/2, 1, -1, 2, -2, etc., combined with the absolute
value and the sign information.

[00577] Here, offset_x and offset_y may be a and b resources, respectively, and a and b
may be integers such as 0, 1, 2, 4, 8, 16, 32, etc. a and b may have fixed values or may have
variable values. Also, a and b may have the same or unequal values.

[00578] Whether to support the adjustment offset for the motion vector predictor may be
explicitly supported in units such as a sequence, a picture, a sub-picture, a slice, a tile, a brick,
etc., or may be implicitly determined according to a coding setting. In addition, a setting of the
adjustment offset (e.g., a range of values, a number, etc.) may be determined according to the
coding setting.

[00579] The coding setting may be determined in consideration of at least one of coding
elements such as image type, color component, state information of the target block, motion
model selection information (e.g., whether it is a translation motion model or not), a reference
picture (e.g., whether it is a current picture or not), etc.

[00580] For example, whether to support the adjustment offset and offset setting may be
determined according to a size of a block. In this case, the size of the block may be determined
by a first threshold size (minimum value) or a second threshold size (maximum value), and each
threshold size may be expressed as W, H, W x H, and W*H with a width (W) and height (H) of
the block. In the case of the first threshold size, W and H may be 4, 8, 16 or more integers, and

W*H may be 16, 32, 64 or more integers. In the case of the second threshold size, W and H may
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be 16, 32, 64 or more integers, and W*H may be 64, 128, 256 or more integers. The range may
be determined by one of the first threshold size or the second threshold size, or may be
determined using both.

[00581] In this case, the threshold size may be fixed or may be adaptive according to an
image (e.g., image type, etc.). In this case, the first threshold size may be set based on sizes of a
minimum coding block, a minimum prediction block, a minimum transform block, and the
second threshold size may be set based on sizes of a maximum coding block, a maximum
prediction block, a maximum transform block.

[00582] Further, the adjustment offset may be applied to all candidates included in the
motion information prediction candidate group or may be applied to only some candidates. In an
example to be described later, it is assumed that all candidates included in the candidate group
may be applied, but a candidate to which the adjustment offset is applied may be selected from
the number between 0, 1, or 2 to the maximum number of candidates.

[00583] A predetermined flag for applying the adjustment offset to the motion vector
predictor may be supported. The predetermined flag may be configured through an offset
application flag, offset absolute value information, offset sign information, etc.

[00584] If the adjustment offset is not supported, this process and the adjustment offset
information may be omitted.

[00585] The motion vector of the target block may be reconstructed through the motion
vector predictor (S1930). Motion information (e.g., a reference picture, a reference direction, etc.)
other than the motion vector may be obtained based on the prediction candidate index.

[00586] The configuration and order are not limited thereto, but may be variously

changed. Background description for supporting the adjustment offset in the merge mode has
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been described above through various examples of the competition mode, and thus a detailed

description thereof will be omitted.

[00587] The methods of the present disclosure may be implemented as program
instructions executable by various computer means, and stored in a computer-readable medium.
The computer-readable medium may include program instructions, data files, and data structures
alone or in combination. The program instructions recorded on the computer-readable medium
may be specially designed for the present disclosure or known to those skilled in the art of
computer software and thus available.

[00588] The computer-readable medium may include a hardware device specially
adapted to store and execute program instructions, such as a read only memory (ROM), a
random access memory (RAM), a flash memory, and the like. Program instructions may include
machine language code that is produced by a compiler or high-level language code that may be
executed in a computer by an interpreter. The above-described hardware device may be
configured to operate as one or more software modules in order to perform operations according
to the present disclosure, and vice versa.

[00589] Further, the above-described method or apparatus may be implemented in full or
partial combination or separation of its configurations or functions.

[00590] While the present disclosure has been described above with reference to
preferred embodiments of the present disclosure, those skilled in the art will understand that
various modifications and variations may be made to the present disclosure without departing

from the scope and spirit of the present disclosure.
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INDUSTRIAL AVAILABILITY

[00591] The present invention may be used to encode/decode a video signal.
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CLAIMS

[Claim 1]

An inter prediction method, comprising:

constructing a prediction motion candidate list of a target block;

deriving a prediction motion vector from the motion candidate list based on a prediction
candidate index;

reconstructing prediction motion vector adjustment offset information; and

reconstructing a motion vector of the target block based on the prediction motion vector
and the prediction motion vector adjustment offset information,

wherein the motion candidate list includes at least one of a spatial candidate, a temporal

candidate, a statistical candidate, or a combined candidate.
[Claim 2]
The method of claim 1, wherein the prediction motion vector adjustment offset is
determined based on at least one of an offset application flag or offset selection information.
[Claim 3]
The method of claim 1, wherein information on whether the prediction motion vector

adjustment offset information is supported is included in at least one of a sequence, a picture, a

sub-picture, a slice, a tile, or a brick.

[Claim 4]

The method of claim 1, wherein when the target block is encoded in a merge mode, the

motion vector of the target block is reconstructed by using a zero vector, and
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wherein when the target block is encoded in a competition mode, the motion vector of

the target block is reconstructed by using a motion vector difference.
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