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METHODS AND APPARATUSES OF COMBINING MULTIPLE PREDICTORS

FOR BLOCK PREDICTION IN VIDEO CODING SYSTEMS

CROSS REFERENCE TO RELATED PATENT APPLICATION(S)

[0001]The present invention claims priority to U.S. Provisional Patent Application, Serial No. 62/732,019,
filed on September 17, 2018, entitled “Candidate list generation for multi-hypothesis”. The listed U.S.

Provisional Patent Application is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002]The present invention relates to video processing methods and apparatuses in video encoding and
decoding systems. In particular, the present invention relates to generating candidate lists for inter picture

prediction.

BACKGROUND
[0003]The High-Efficiency Video Coding (HEVC) standard is the latest international video coding

standard developed by the Joint Collaborative Team on Video Coding (JCT-VC) group of video coding
experts from ITU-T Study Group. The HEVC standard improves the video compression performance of its
proceeding standard H.264/AVC to meet the demand for higher picture resolutions, higher frame rates, and
better video qualities. The HEVC standard relies on a block-based coding structure which divides each video
slice into multiple square Coding Tree Units (CTUs), where a CTU is the basic unit for video compression in
HEVC. In the HEVC main profile, minimum and the maximum sizes of a CTU are specified by syntax
elements signaled in the Sequence Parameter Set (SPS). A raster scan order is used to encode or decode CTUs
in each slice. Each CTU may contain one Coding Unit (CU) or recursively split into four smaller CUs
according to a quad-tree partitioning structure until a predefined minimum CU size is reached. At each depth
of the quad-tree partitioning structure, an NxN block is either a single leaf CU or split into four blocks of sizes
N/2xN/2, which are coding tree nodes. If a coding tree node is not further split, it is the leaf CU. The leaf CU
size is restricted to be larger than or equal to the predefined minimum CU size, which is also specified in the
SPS.

[0004]The prediction decision is made at the CU level, where each CU is coded using either inter picture
prediction or intra picture prediction. Once the splitting of CU hierarchical tree is done, each CU is subject to
further split into one or more Prediction Units (PUs) according to a PU partition type for prediction. The PU
works as a basic representative block for sharing prediction information as the same prediction process is
applied to all pixels in the PU. The prediction information is conveyed to the decoder on a PU basis. For intra
picture prediction, spatial neighboring reconstructed pixels are used to generate directional prediction. Motion
estimation in inter picture prediction identifies one (uni-prediction) or two (bi-prediction) best reference blocks
for a current block in one or two reference pictures, and motion compensation in inter picture prediction
locates the one or two best reference blocks according to one or two motion vectors (MVs). A difference
between the current block and a corresponding predictor is called prediction residual. The corresponding
predictor is the best reference block when uni-prediction is used. When bi-prediction is used, the two reference

blocks located by the two motion vectors are combined to form a final predictor. The prediction residual
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belong to a CU is split into one or more Transform Units (TUs) according to another quad-tree block
partitioning structure for transforming residual data into transform coefficients for compact data representation.
The TU is a basic representative block for applying transform and quantization on the residual data. For each
TU, a transform matrix having the same size as the TU is applied to the residual data to generate transform
coefficients, and these transform coefficients are quantized and conveyed to the decoder on a TU basis.

[0005]The terms Coding Tree Block (CTB), Coding block (CB), Prediction Block (PB), and Transform
Block (TB) are defined to specify two dimensional sample array of one color component associated with the
CTU, CU, PU, and TU respectively. For example, a CTU consists of one luma CTB, two corresponding
chroma CTBs, and its associated syntax elements.

[0006]Inter Picture Prediction Modes There are three inter picture prediction modes in HEVC,
including Advanced Motion Vector Prediction (AMVP), Skip, and Merge modes. Motion vector prediction is
used in these inter picture prediction modes to reduce bits required for motion information coding. The motion
vector prediction process includes generating a candidate list including multiple spatial and temporal motion
candidates and pruning the candidate list to remove redundancy. A Motion Vector Competition (MVC)
scheme is applied to select a final motion candidate among the candidate list. To encode PUs using AMVP
mode, inter prediction directions, reference picture indices, Motion Vector Differences (MVDs), and
prediction residual are transmitted in a video bitstream by the encoder. The inter prediction direction of a PU
describes the prediction direction such as list 0 (LO) prediction, list 1 (L1) prediction, or bi-directional
prediction. A motion vector of a PU coded in AMVP mode is derived by adding a transmitted MVD with a
selected Motion Vector Predictor (MVP) at the decoder. An MVP index is also encoded and transmitted for
each prediction direction to select one MVP from an AMVP candidate list. A default AMVP candidate list in
HEVC includes two spatial motion candidates and one temporal motion candidate. Fig. 1 illustrates locations
of the motion candidates for deriving a candidate list for a PB 10 coded in AMVP mode, Skip mode, or Merge
mode. The two spatial motion candidates in the candidate list for AMVP mode include a left candidate and a
top candidate. The left candidate for the current PB 10 is searched from below left to left, from block Ay 111 to
block A; 112, and the MV of the first available block is selected as the left candidate, while the top candidate
is searched from above right to above left, from block By 113, to block B; 114, and then block B, 115, and the
MYV of the first available block is selected as the top candidate. A block having motion information, or in other
words, a block coded in inter picture prediction, is defined as an available block. The temporal motion
candidate is the MV of a first available block selected from block Tggr 121 adjacent to a bottom-right corner of
a collocated block 12 and block Ter 122 inside the collocated block 12 in a reference picture. The reference
picture is indicated by signaling a flag and a reference picture index in a slice header to specify which
reference picture list and which reference picture in the reference picture list is used.

[0007]To increase the coding efficiency of motion information coding in AMVP mode, Skip and Merge
modes were proposed and adopted in the HEVC standard to further reduce the data bits required for signaling
motion information by inheriting motion information from a spatially neighboring block or a temporal
collocated block. For a PU coded in Skip or Merge mode, only an index of a selected final candidate is coded
instead of the motion information, as the PU reuses the motion information of the selected final candidate. The
motion information reused by the PU includes a motion vector (MV), an inter prediction indicator, and a

reference picture index of the selected final candidate. It is noted that if the selected final candidate is a
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temporal motion candidate, the reference picture index is always set to zero to indicate the first reference
picture in list O or list 1. Prediction residual are coded when the PU is coded in Merge mode, however, the Skip
mode further skips signaling of the prediction residual as the residual data of a PU coded in Skip mode is
forced to be zero.

[0008]A Merge candidate list consists of up to four spatial motion candidates and one temporal motion
candidate. As shown in Fig. 1, the first Merge candidate is motion information of a left block A; 112, the
second Merge candidate is motion information of a top block By 114, the third Merge candidate is motion
information of a right above block By 113, and a fourth Merge candidate is motion information of a left below
block Ay 111. Motion information of a left above block B, 115 is included in the Merge candidate list to
replace a candidate of an unavailable spatial block. A fifth Merge candidate is motion information of a
temporal block of first available temporal blocks Tgr 121 and Terg 122. The encoder selects one final
candidate from the candidate list for each PU coded in Skip or Merge mode based on MVC such as through a
rate-distortion optimization (RDO) decision, and an index representing the selected final candidate is signaled
to the decoder. The decoder selects the same final candidate from the candidate list according to the index
transmitted in the video bitstream.

[0009]A pruning process is performed after deriving the candidate list for AMVP, Merge, or Skip mode
to check the redundancy among candidates in the candidate list. After removing one or more redundant or
unavailable candidates, the size of the candidate list could be dynamically adjusted at both the encoder and
decoder sides, and an index for indicating the selected final candidate could be coded using truncated unary
binarization to reduce the required data bits. However, although the dynamic size of the candidate list brings
coding gain, it also introduces a potential parsing problem. A mismatch of the candidate list derived between
the encoder side and the decoder side may occur when a MV of a previous picture is not decoded correctly and
this MV is selected as the temporal motion candidate. A parsing error is thus present in the candidate list and
it can propagate severely. The parsing error may propagate to the remaining current picture and even to the
subsequent inter coded pictures that allow temporal motion candidates. In order to prevent this kind of parsing
error propagation, a fixed candidate list size for AMVP mode, Skip mode, or Merge mode is used to decouple
the candidate list construction and index parsing at the encoder and decoder sides. In order to compensate the
coding loss caused by the fixed candidate list size, additional candidates are assigned to the empty positions in
the candidate list after the pruning process. The index for indicating the selected final candidate is coded in
truncated unary codes of a maximum length, for example, the maximum length is signaled in a slice header for
Skip and Merge modes, and is fixed to 2 for AMVP mode in HEVC. The size of the AMVP candidate list is 2,
so only the first two motion candidates are included in the AMVP candidate list after the derivation process of
the two spatial and one temporal motion candidates.

[0010]For a candidate list constructed for a block coded in AMVP mode, a zero vector motion candidate
is added to fill an empty position in the candidate list after derivation and pruning of two spatial motion
candidates and one temporal motion candidate according to the current HEVC standard. As for Skip and
Merge modes in HEVC, after derivation and pruning of four spatial motion candidates and one temporal
motion candidate, three types of additional candidates are derived and added to fill the empty positions in the

Merge candidate list if the number of available candidates is less than the fixed candidate list size. The three
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types of additional candidates used to fill the candidate list include a combined bi-predictive Merge candidate,
a scaled bi-predictive Merge candidate, and a zero vector Merge/AMVP candidate.

[0011] The combined bi-predictive Merge candidate is created by combining two original motion
candidates already included in the Merge candidate list according to a predefined order. An example of
deriving a combined bi-predictive Merge candidate for a Merge candidate list is illustrated in Fig. 2. The
Merge candidate list 22 in Fig. 2 only has two motion candidates mvLO_A with ref0 in list O and mvL1_B with
refO in list 1 after the pruning process, and these two motion candidates are both uni-predictive motion
candidates, the first motion candidate mvLO_A predicts the current block in the current picture 262 from a past
picture LORO 264 (reference picture O in List 0) and the second motion candidate mvL1_B predicts the current
block in the current picture 262 from a future picture L1R0 266 (reference picture 0 in List 1). The combined
bi-predictive Merge candidate combines the first and second motion candidates to form a bi-predictive motion
vector with a motion vector points to a reference block in each list. The predictor of this combined bi-
predictive motion candidate is derived by averaging the two reference blocks pointed by the two motion
vectors. The updated candidate list 24 in Fig. 2 includes this combined bi-predictive motion candidate as the
third motion candidate (Mergeldx=2).

[0012]The scaled bi-predictive Merge candidate is created by scaling an original uni-predictive Merge
candidate in another list. For example, one original candidate has a motion vector in list X, mvLX, and a
reference picture index in list X, refldxLX, is used to create a bi-predictive Merge candidate, where X is O or 1.
An example of deriving a scaled bi-predictive Merge candidate is shown in Fig. 3, where an original Merge
candidate list 32 only has two motion candidates. A first motion candidate (Mergeldx=0) of a current block in
a current picture 360 is a list 0 uni-predictive motion candidate with a motion vector mvLO_A and a reference
picture index refQ pointing to a reference block in a reference picture LORO 362. To construct a scaled bi-
predictive Merge candidate, the reference picture ref0 is first copied to a reference picture index ref0’ in list 1,
and a scaled motion vector mvLO’_A is calculated by scaling the motion vector mvLO_A with the reference
pictures ref0 and ref(’. The scaled motion vector mvLO’_A and the reference picture index ref0’ points to a
reference block in a reference picture L1R0 364. A bi-predictive Merge candidate, which has (mvLO_A, ref0)
in list O and (mvL0O’_A, ref0’) in list 1, is created and added into the third position (i.e. Mergeldx=2) of the
Merge candidate list. Similarly, a scaled bi-predictive Merge candidate derived from a second motion
candidate (Mergeldx=1) is inserted into the fourth position (i.e. Mergeldx=3) of the Merge candidate list. The
second motion candidate is a list 0 uni-predictive motion candidate. The scaled bi-predictive Merge candidate
has (mvL1’_A refl’) in list 0 and (mvL1_A, refl) in list 1, pointing to two reference blocks in reference
pictures LOR1 366 and L1R1 368.

[0013]The zero vector Merge/AMVP candidate is created by combining zero vectors and the reference
indices are referred. Fig. 4 shows an example of inserting zero vector Merge candidates in a Merge candidate
list or in an AMVP candidate list when there are still one or more empty positions and if the zero vector
candidates are not duplicated.

[0014]Intra Picture Prediction Modes For a current block coded in Intra picture prediction mode,
traditionally, the intra prediction method only exploits one reference tier adjacent to the current block and one
of the intra prediction modes to generate predictors for the current block. The HEVC standard supports 35 intra

prediction modes including 33 angular modes, DC mode and Planar mode. Fig. 5 illustrates the prediction
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directions for the 33 angular intra prediction modes of the HEVC standard, where H represents Horizontal
direction mode and V represents Vertical direction mode. An intra prediction mode selected from the 35 intra
prediction modes is signaled explicitly or inferred from previously decoded modes of above and left
neighboring blocks of the current block. The intra prediction modes of the two neighboring blocks are included
in a set of three Most Probable Modes (MPMs). A first MPM flag is signaled to indicate whether the selected
mode is identical to one of the three MPMs, if so, another flag is sent to indicate which of the three MPMs is
selected; if the first MPM flag is false, the selected intra prediction mode is explicitly signaled using a 5-bit
fixed length codeword to choose one mode from the remaining 32 non-MPM modes.

[0015]The 33 angular modes shown in Fig. 5 can be expanded to a general case with more or less angular
modes, where each of the angular modes can be represented by mode H+k or mode V+k, where H represents
the direction of Horizontal mode, V represents the direction of Vertical mode, and k=0, +-1, +-2, .. +-K. For
example, if 65 angular modes are used for intra prediction, k is ranged from -16 to 16, and mode H-16 and
mode V-16 are the same mode as this mode refers to the prediction direction from an upper-left corner to the

center of the current block.

SUMMARY

[0016]Methods of video data processing in a video encoding or decoding system utilizing a final predictor
for predicting a current block in a current video picture, comprise receiving input data associated with the
current block, generating a motion compensated predictor for the current block according to one candidate
selected from a first candidate list, generating a second predictor for the current block, generating a final
predictor by combining the motion compensated predictor and the second predictor, and encoding or decoding
the current block according to the final predictor. The first candidate list includes an average candidate derived
from averaging motion information of multiple existing candidates in the first candidate list.

[0017]In some embodiments, the current block can be coded with Merge, Skip, or Intra mode.

[0018]In an embodiment of constructing the first candidate list, Merge candidates of sub-PU modes are
excluded from the first candidate list. In another embodiment of constructing the first candidate list, similarity
of candidates in the first candidate list is checked in order to remove one or more candidates with similar
motion information from the first candidate list.

[0019]In some embodiments, a size of the first candidate list is equal to a fixed candidate list size, and the
method further comprises including one or more additional candidates to fill one or more empty positions of
the first candidate list when a number of candidates in the first candidate list is less than the fixed candidate list.
The one or more additional candidates are selected from one or a combination of combined Merge candidates,
scaled Merge candidates, and zero vector Merge candidates. In an embodiment, the average candidate is an
additional candidate and is included to fill an empty position in the first candidate list when the size of the first
candidate list is less than the fixed candidate list size. In another embodiment, the fixed candidate list size is
defined as a fixed value, or signaled at CU, CTU, slice, tile, tile group, picture, Sequence Parameter Set (SPS),
or Picture Parameter Set (PPS) level.

[0020]In some embodiments, a Motion Vector (MV) of the average candidate is derived by averaging
MVs of two existing candidates with corresponding weightings. The weighting is fixed or changed with a

property of the corresponding MVs, or the weightings are signaled at a Coding Unit (CU), Coding Tree Unit
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(CTU), slice, tile, tile group, picture, Sequence Parameter Set (SPS), or Picture Parameter Set (PPS) level. In
another embodiment, the weightings are determined depending on a block height and a block width of the
current block, and a larger weighting is applied to the MV corresponding to a left neighboring block when the
block height is larger than the block width. In one embodiment, the average candidate is derived from motion
information of the existing candidates with a same reference picture.

[0021]The first predictor for the current block is generated by motion compensation from Merge or Skip
mode according to some embodiments; and the first predictor is generated according to one candidate selected
from a first candidate list. In one embodiment, the first candidate list includes an average candidate derived
from averaging motion information of multiple existing candidates in the first candidate list. A MV of the
average candidate is derived from averaging MVs of two existing candidates in the first candidate list with
corresponding weightings. In an exemplary embodiment, the motion compensated predictor for the current
block is generated by uni-prediction or bi-prediction according to the candidate selected from the first
candidate list.

[0022]The second predictor for the current block is generated by motion compensation from Merge or
Skip mode according to some embodiments; and the second predictor is generated according to one candidate
selected from the first candidate list or a second candidate list. In one embodiment, the second candidate list
includes an average candidate derived from averaging motion information of multiple existing candidates in
the second candidate list. A MV of the average candidate in the second list is derived from averaging MVs of
two existing candidates in the first or second candidate list with corresponding weightings. For example, a first
predictor is selected from a first candidate list and a second predictor is selected from the same first candidate
list. In this example, a shared candidate list is used for both the first and second predictors. In another example,
a first predictor is selected from a first candidate list while a second predictor is selected from a second
candidate list. The first candidate list includes an average candidate derived from two existing candidates in
the first candidate list, and the second candidate list includes an average candidate derived from two existing
candidates in the first candidate list. In an exemplary embodiment, the motion compensated predictor for the
current block is generated by uni-prediction according to the candidate selected from the first candidate list,
and the second predictor for the current block is also generated by uni-prediction according to one candidate
selected from the first candidate list or a second candidate list. In another embodiment, the motion
compensated predictor for the current block is generated by uni-prediction or bi-prediction according to the
candidate selected from the first candidate list.

[0023]The second predictor for the current block is generated by an intra prediction mode according to
some other embodiments, and the intra prediction mode is decided according to various embodiments. In one
embodiment, the intra prediction mode is selected from a list and a number of intra prediction modes in the list
may be determined depending on a block width, block height, or block size of the current block. In another
embodiment, the intra prediction mode is selected from a list and intra prediction modes in the list are
determined according to a block width and a block height of the current block. In another embodiment, the
intra prediction mode is selected from any subset of {Planar, DC, Horizontal, Vertical}, such as {Planar, DC}
or {Planar}.

[0024]Aspects of the disclosure further provide an apparatus for video data processing in a video

encoding or decoding system utilizing a final predictor for predicting a current block in a current video picture.
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The apparatus comprises one or more electronic circuits configured for receiving input data of the current
block, generating a motion compensated predictor for the current block according to one candidate selected
from a first candidate list, generating a second predictor for the current block, generating a final predictor by
combining the motion compensated predictor and the second predictor, and encoding or decoding the current
block according to the final predictor. The first candidate list includes an average candidate derived from
averaging motion information of multiple existing candidates in the first candidate list.

[0025]Aspects of the disclosure further provide a non-transitory computer readable medium storing
program instructions for causing a processing circuit of an apparatus to perform a video processing method to
encode or decode a current block. A final predictor is generated by combing multiple predictors including a
motion compensated predictor derived from a first candidate list. The first candidate list includes an average
candidate derived by averaging two or more MVs. Other aspects and features of the invention will become
apparent to those with ordinary skill in the art upon review of the following descriptions of specific
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]Various embodiments of this disclosure that are proposed as examples will be described in detail
with reference to the following figures, and wherein:

[0027]Fig. 1 illustrates locations of spatial candidates and temporal candidates for constructing a
candidate list for AMVP mode, Skip mode, or Merge mode defined in the HEVC standard.

[0028]Fig. 2 illustrates an example of deriving a combined bi-predictive Merge candidate from two
existing uni-directional motion candidates already existed in a Merge candidate list.

[0029]Fig. 3 illustrates an example of deriving two scaled bi-predictive Merge candidates from two
existing uni-directional motion candidates already existed in a Merge candidate list.

[0030]Fig. 4 illustrates examples of deriving zero vector Merge candidates and zero vector AMVP
candidates for a Merge candidate list and AMVP candidate list.

[0031]Fig. 5 illustrates 33 angular intra prediction modes supported in the HEVC standard.

[0032]Fig. 6 is a flowchart illustrating an embodiment of the video coding system for processing a current
block by generating a final predictor from a motion compensated predictor and a second predictor.

[0033]Fig. 7 illustrates an exemplary system block diagram for a video encoding system incorporating the
video processing method according to embodiments of the present invention.

[0034]Fig. 8 illustrates an exemplary system block diagram for a video decoding system incorporating the

video processing method according to embodiments of the present invention.

DETAILED DESCRIPTION OF PREFERRED IMPLEMENTATIONS
[0035]In the following detailed description, numerous specific details of components and methods are set
forth by way of examples in order to provide a thorough understanding of the present invention. Selected
embodiments of the present invention generally described and illustrated in the figures herein, may be arranged,
designed, and extended in a wide variety of different configurations. Any variations, derivations, or extensions
based on the teachings described herein are within the protective scope of the present invention. In some
instances, well-known methods or components pertaining to one or more embodiments disclosed herein may

be described without giving details.
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[0036]Embodiments of the present invention provide new methods of generating a final predictor by
combining multiple predictors for encoding or decoding a current block. One of the predictors is generated by
inter prediction and another predictor is generated by intra prediction or inter prediction. The current block is a
PU, a leaf CU, or a sub-block in various different embodiments. The new methods combining multiple
predictors are referred to as Multi-Hypothesis (MH) mode in the disclosure. The MH mode improves
prediction accuracy of traditional inter prediction by combining multiple predictors derived from different
hypothesis. The MH mode is an improved method applied in Skip, Merge, or Intra mode. The current block
predicted by combining multiple predictors is coded with Merge, Skip, or Intra mode according to various
embodiments of the present invention.

[0037] To encode or decode a current block using the MH mode according to some preferred
embodiments of the present invention, a first predictor for the MH mode is derived by Merge or Skip mode.
One Merge index is used to select one motion candidate from a Merge candidate list for generating a first
predictor. In one embodiment, the first predictor is a motion compensated predictor generated by uni-
prediction or bi-prediction according to the selected motion candidate. In another embodiment, the first
predictor can only be generated by uni-prediction in order to reduce the computational complexity. The
generated motion compensated predictor is referred to as the first hypothesis of the MH mode. A second
predictor is generated by motion compensation from Merge or Skip mode, or is generated by an intra
prediction mode from intra prediction. The second predictor referred to as the second hypothesis of the MH
mode.

[0038]When multi-hypothesis mode is supported, one or more multi-hypothesis candidates are available
for Skip, Merge, or Intra mode. The multi-hypothesis mode is called MH mode for Intra when the second
hypothesis is generated by an intra prediction mode, and the multi-hypothesis mode is called MH mode for
Merge when the second hypothesis is generated by motion compensation from Merge or Skip mode. The
following embodiments assume a final predictor is generated using two hypotheses; however, these
embodiments may be extended to multi-hypothesis mode with more than two hypotheses.

[0039]A first predictor of the MH mode is derived from a motion candidate selected from a first candidate
list, Candidate List I. The composition of Candidate List I is the same as for the normal Merge mode according
to one embodiment, or according to some other embodiments, the composition of Candidate List I is different
from the normal Merge mode due to one or more settings related to available types of Merge candidates or
similarity of the Merge candidates. An example of the setting related to the available types of Merge
candidates excludes Merge candidates of sub-PU modes when constructing the first candidate list, so any
Merge candidate of a sub-PU mode is exclusive of Candidate List I. An example of the setting related to the
similarity of Merge candidates excludes Merge candidates with similar motion information when constructing
the first candidate list for MH mode. In the cases of MH mode for Merge, a second predictor may be derived
from a motion candidate selected from a second candidate list, and the composition of the second candidate list
may also follow the same setting(s) to exclude one or more Merge candidates. In one embodiment, a first
predictor for a current block is generated by uni-prediction using a motion candidate selected from a first
candidate list, and a second predictor for the current block is generated by uni-prediction using a motion
candidate selected from a second candidate list. A final predictor for the current block is generated by

combining the first predictor and the second predictor.
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[0040]Some mechanisms are applied to fill the first candidate list with new Merge candidates in a
predefined rule when a number of available candidates in the first candidate list is less than a fixed candidate
list size. The fixed candidate list size is predefined as a fixed value, or signaled at CU, CTU, slice, tile, tile
group, picture, Sequence Parameter Set (SPS), or Picture Parameter Set (PPS) level in order to prevent parsing
error propagation. In some embodiments, the predefined rule for adding one or more new Merge candidates is
the same as the rule used in the HEVC standard. For example, one or a combination of the combined Merge
candidates, scaled Merge candidates, or zero vector Merge candidates are added to the first candidate list when
there is at least one empty position in the first candidate list. In some other embodiments, the predefined rule
generates one or more average candidates to be included in the first candidate list by averaging motion
information of existing Merge candidates in the first candidate list. A Motion Vector (MV) of the average
candidate MV,,, within a pre-defined list (for example, list O and/or list 1) may be calculated according to the
following equation:

MVue = Wi ¥ MV + W; * MV;,
where MV, and MV; are the MVs within the pre-defined list for the existing candidates in the first candidate
list to form the average candidate with corresponding weightings W; and W;. In one embodiment, an average
candidate may be used to generate one or multiple hypotheses, that is one or both of the first predictor and
second predictor are derived by a motion candidate selected from a candidate list including one or more
average candidates.

[0041]The weightings W; and W; for generating the average candidate are fixed or changed with the
property of the corresponding MV, or the weightings are signaled at CU, CTU, slice, tile, tile group, picture,
Sequence Parameter Set (SPS), or Picture Parameter Set (PPS) level. For example, the two weightings W; and
W; are equal. In another example, if a block height of a current block is larger than a block width, a MV
derived from a left neighboring block of the current block has larger weighting than another MV. Similarly, a
MYV derived from an above neighboring block of the current block has larger weighting if the block width is
larger than the block height. In some embodiments, some settings are applied to generate one or more average
candidate to be included in a candidate list. For example, only the candidates with the same reference picture
are allowed to be averaged to generate an average candidate. The one or more new candidates for MH mode
for Merge may be inserted following the candidates from the normal Merge mode or in front of the candidates
from the normal Merge mode. In one embodiment, an average candidate is inserted in a predefined position in
the first candidate list. The one or more new candidates may be checked with one or more existing motion
candidates in the candidate list by a pruning process to eliminate redundancy in the candidate list.

[0042]For MH mode for Intra, a final predictor is derived by combining a motion compensated predictor
and an intra predictor. The motion compensated predictor is generated by motion compensation according to a
motion candidate and the intra predictor is generated by intra prediction according to an intra prediction mode.
In one embodiment, one motion candidate matches with one or more intra prediction modes at a video encoder,
and the video encoder determines one motion candidate and one of the matched intra prediction modes for
predicting a current block through an encoding mode decision. In one embodiment, syntax elements indicating
the selected motion candidate and the selected intra prediction mode for the current block are signaled to a
video decoder. In another embodiment, a syntax element indicating the selected motion candidate for the

current block is signaled to a video decoder and the intra prediction mode is selected without any syntax
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element. The video decoder parses and decodes at least one of the selected motion candidate and intra
prediction mode for the current block to reconstruct a final predictor for the current block.

[0043] Some embodiments of deriving an intra predictor for a current block select an intra prediction
mode from a second candidate list, Candidate List II. A number of intra prediction modes in Candidate List II,
denoted as N, may be varied with implicit criteria according to various embodiments. Some examples of the
implicit criteria determine the number of intra prediction modes in Candidate List Il depending on a block
width, block height, or block size of the current block. In one embodiment, the number of intra prediction
modes in the second candidate list is reduced for blocks with areas smaller than a particular threshold. The
intra prediction modes in the second candidate list for those small blocks are a subset of the original intra
prediction modes for larger blocks. For example, an original Candidate List II for blocks larger than or equal to
a threshold includes four intra prediction modes, {Planar, DC, Horizontal, Vertical}, and a reduced Candidate
List II for blocks smaller than the threshold is a subset of the above four intra prediction modes in the original
Candidate List I, such as {Planar, DC} or {Planar}. In another embodiment, an intra prediction mode for a
current block is selected from a second candidate list and intra prediction modes in the second candidate list
are determined according to a block width and a block height of the current block. In some embodiments, the
second candidate list can be any subset of {Planar, DC, Horizontal, Vertical}, such as {Planar, DC} or
{Planar}. In another embodiment, a number of intra prediction modes in the second candidate list is varied
when a long side, denoted as L, and a short side, denoted as S, of a current block satisfied the following
condition:

L > T*S,
where T is a positive number such as 1, 2, or 4. For those blocks satisfying the above condition, if the long side
is the block width, a number of vertical-oriented modes is greater than a number of horizontal-oriented modes,
else a number of horizontal-oriented modes is greater than a number of vertical-oriented modes. For example,
Horizontal mode is removed from Candidate List II used for generating a second predictor for a current block
if the above condition is satisfied and the long side is the block width. Similarly, Vertical mode is removed
from Candidate List II used for generating the second predictor if the above condition is satisfied and the long
side is the block height.

[0044]The above described methods for generating a predictor or a hypothesis of the multi-hypothesis
mode may be applied to MH mode for Merge or MH mode for Intra. For example, a first predictor is generated
from a first candidate list including one or more average candidates when only the first predictor is derived
from Merge or Skip mode. In another example, both first and second predictors are generated from candidate
lists including one or more average candidates when both the first and second predictors are derived from
Merge or Skip mode.

[0045]A final predictor for predicting a current block is generated by combining first and second
predictors through weighted averaging. When both the first and second predictors are generated by motion
compensation according to motion candidates derived from spatially neighboring blocks, the weightings for
the first and second predictors can be given according to pixel distances between the current block and those
spatially neighboring blocks. For example, higher weightings are assigned to shorter pixel distances while
lower weightings are assigned to longer distances. The first predictor is derived from a candidate selected from

a first candidate list by Motion Vector Competition (MVC) such as a Rate Distortion Optimization (RDO)
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decision at a video encoder side or by an index transmitted in a video bitstream at a video decoder side. The
second predictor is derived from a candidate selected from the first or a second candidate list by MVC at the
video encoder side or by an index transmitted in the video bitstream at the video decoder side if the second
predictor is a motion compensated predictor. In other words, when both the first and second predictors are
motion compensated predictors, the first and second predictors are derived using candidates selected from the
same candidate list according to one embodiment. Each of the first and second predictors is derived using a
candidate selected from a different candidate list according to another embodiment. An index indicating the
selected candidate for deriving the first predictor, an index indicating the selected candidate for deriving the
second predictor, along with prediction residual of the current block are signaled for the current block coded in
Merge mode, and only the indices indicating the selected candidates for deriving the first and second
predictors are signaled for the current block coded in Skip mode. In some other embodiments, the second
predictor is derived from an intra prediction mode decided at the video encoder side or determined at the video
decoder side, an index indicating the selected candidate for deriving the first predictor along with prediction
residual of the current block are signaled for the current block coded in Merge mode, and/or only the index
indicating the selected candidate is signaled for the current block coded in Skip mode.

[0046]Fig. 6 conceptually illustrates an exemplary flowchart of a video encoding or decoding system for
processing a current block predicted by multiple predictors. A current MV associated with the current block is
coded by a final predictor derived from multiple predictors. The exemplary embodiment shown in Fig. 6
derives the final predictor from two predictors. The video encoding or decoding system receives input data of
the current block in a current video picture in Step S602, and generates a motion compensated predictor for the
current block by inter prediction according to a candidate selected from a first candidate list in Step S604. The
first candidate list includes an average candidate derived from averaging motion information of multiple
existing candidates in the first candidate list. In one embodiment, the average candidate is calculated and added
to the first candidate list only when a number of candidates in the first candidate list is less than a fixed
candidate list size. A MV of the average candidate is derived from MVs of two existing candidates with
corresponding weightings, and the weightings may be fixed or changed with a property of the corresponding
MVs according to some embodiments. In another embodiment, the weightings are signaled in a CU, CTU,
slice, tile, tile group, picture, SPS, or PPS level. A second predictor for the current block is generated in step
S606, and the second predictor is a motion compensated predictor generated by inter prediction according to
one embodiment or an intra predictor generated by intra prediction according to another embodiment. The
processing order of steps S604 and S606 may be switched, or the two steps may be performed at the same time.
The video encoding or decoding system generates a final predictor by combining the motion compensated
predictor and the second predictor in step S608, and encodes or decodes the current block according to the
final predictor in step S610.

[0047]The foregoing proposed video processing methods for generating a final predictor based on
multiple predictors can be implemented in video encoders or decoders. For example, a proposed video
processing method is implemented in one or a combination of an inter prediction module, intra prediction
module, motion compensation module, and Merge candidate derivation module of an encoder or decoder.
Alternatively, any of the proposed methods is implemented as a circuit coupled to one or a combination of the

inter prediction module, intra prediction module, motion compensation module, Merge candidate derivation
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module of the encoder or decoder, so as to provide the information needed by the module. Fig. 7 illustrates an
exemplary system block diagram of a Video Encoder 700 capable of implementing various embodiments of
the present invention. Intra Prediction module 710 provides intra predictors based on reconstructed video data
of a current picture. Inter Prediction module 712 performs motion estimation (ME) and motion compensation
(MC) to provide inter predictors based on video data from one or more reference pictures. To encode a current
block in inter picture prediction according to some embodiments of the present invention, a final predictor is
generated based on multiple predictors, and one of the predictors is derived from a candidate selected from a
first candidate list. The first candidate list includes an average candidate derived by averaging motion
information of multiple existing candidates in the first candidate list. The Inter Prediction module 712
determines a candidate from the first candidate list to derive a motion compensated predictor for the current
block. In some embodiments, the Inter Prediction module 712 also derives a second predictor by motion
compensation, and in some other embodiments, the Intra Prediction module 710 derives a second predictor by
intra prediction. The Inter Prediction module 712 generates the final predictor for predicting the current block
by combining the motion compensated predictor and the second predictor. The Inter Prediction module 712
supplies the final predictor for the current block to Adder 716 to form prediction errors, which are also called
prediction residual. The prediction residual is set to zero if the current block is coded in Skip mode. When the
current block is not coded in Skip mode, the prediction residual of the current block is further processed by
Transformation module (T) 718 followed by Quantization module (Q) 720. The transformed and quantized
residual signal is then encoded by Entropy Encoder 732 to form a video bitstream. The video bitstream is then
packed with side information. The transformed and quantized residual signal of the current block is processed
by Inverse Quantization module (IQ) 722 and Inverse Transformation module (IT) 724 to recover the
prediction residual. As shown in Fig. 7, the prediction residual is recovered by adding back to the selected
predictor at Reconstruction module (REC) 726 to produce reconstructed video data. The reconstructed video
data may be stored in Reference Picture Buffer (Ref. Pict. Buffer) 730 and used for prediction of other pictures.
The reconstructed video data recovered from Reconstruction module 726 may be subject to various
impairments due to encoding processing; consequently, In-loop Processing Filter 728 is applied to the
reconstructed video data before storing in the Reference Picture Buffer 730 to further enhance picture quality.

[0048]A corresponding Video Decoder 800 for decoding the video bitstream generated from the Video
Encoder 700 of Fig. 7 is shown in Fig. 8. The video bitstream is the input to Video Decoder 800 and is
decoded by Entropy Decoder 810 to parse and recover the transformed and quantized residual signal and other
system information. The decoding process of Decoder 800 is similar to the reconstruction loop at Encoder 700,
except Decoder 800 only requires motion compensation prediction in Inter Prediction module §14. Each block
is decoded by either Intra Prediction module 812 or Inter Prediction module 814. Switch 816 selects an intra
predictor from Intra Prediction module 812 or an inter predictor from Inter Prediction module 814 according to
decoded mode information. When a current block is predicted by a final predictor combined using multiple
predictors, Inter Prediction module 814 generates a first predictor using a candidate selected from a first
candidate list. The first candidate list includes an average candidate derived by averaging motion information
of multiple existing motion candidates of the first candidate list. A second predictor is an intra predictor
generated by Intra Prediction module 812 or another motion compensated predictor generated by Inter

Prediction module 814. Inter Prediction module 814 derives a final predictor for the current block based on the
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first and second predictors. The transformed and quantized residual signal associated with a current block is
recovered by Inverse Quantization module (IQ) 820 and Inverse Transformation module (IT) 822. The
recovered residual signal is reconstructed by adding back the final predictor in REC module 818 to produce
reconstructed video. The reconstructed video is further processed by In-loop Processing Filter (Filter) 824 to
generate final decoded video. If the currently decoded picture is a reference picture for later pictures in
decoding order, the reconstructed video of the currently decoded picture is also stored in Reference Picture
Buffer 826.

[0049]Various components of Video Encoder 700 and Video Decoder 800 in Fig. 7 and Fig. 8 may be
implemented by hardware components, one or more processors configured to execute program instructions
stored in a memory, or a combination of hardware and processor. For example, a processor executes program
instructions to control receiving of input data associated with a current block in a current video picture. The
processor is equipped with a single or multiple processing cores. In some examples, the processor executes
program instructions to perform functions in some components in Encoder 700 and Decoder 800, and the
memory electrically coupled with the processor is used to store the program instructions, information
corresponding to the reconstructed images of blocks, and/or intermediate data during the encoding or decoding
process. The memory in some embodiments includes a non-transitory computer readable medium, such as a
semiconductor or solid-state memory, a random access memory (RAM), a read-only memory (ROM), a hard
disk, an optical disk, or other suitable storage medium. The memory may also be a combination of two or more
of the non-transitory computer readable mediums listed above. As shown in Figs. 7 and 8, Encoder 700 and
Decoder 800 may be implemented in the same electronic device, so various functional components of Encoder
700 and Decoder 800 may be shared or reused if implemented in the same electronic device.

[0050]Embodiments of the video processing method for encoding or decoding may be implemented in a
circuit integrated into a video compression chip or program codes integrated into video compression software
to perform the processing described above. For examples, generating a final predictor for the current block
may be realized in program codes to be executed on a computer processor, a Digital Signal Processor (DSP), a
microprocessor, or field programmable gate array (FPGA). These processors can be configured to perform
particular tasks according to the invention, by executing machine-readable software codes or firmware codes
that defines the particular methods embodied by the invention.

[0051]Reference throughout this specification to “an embodiment”, “some embodiments”, or similar
language means that a particular feature, structure, or characteristic described in connection with the
embodiments may be included in at least one embodiment of the present invention. Thus, appearances of the
phrases “in an embodiment” or “in some embodiments” in various places throughout this specification are not
necessarily all referring to the same embodiment, these embodiments can be implemented individually or in
conjunction with one or more other embodiments. Furthermore, the described features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments. One skilled in the
relevant art will recognize, however, that the invention can be practiced without one or more of the specific
details, or with other methods, components, etc. In other instances, well-known structures, or operations are
not shown or described in detail to avoid obscuring aspects of the invention.

[0052]The invention may be embodied in other specific forms without departing from its spirit or

essential characteristics. The described examples are to be considered in all respects only as illustrative and not
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restrictive. The scope of the invention is therefore, indicated by the appended claims rather than by the
foregoing description. All changes which come within the meaning and range of equivalency of the claims are

to be embraced within their scope.
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CLAIMS

1.A method of processing video data in a video encoding or decoding system, comprising:

receiving input data associated with a current block in a current video picture;

generating a motion compensated predictor for the current block according to one candidate selected from
a first candidate list, wherein the first candidate list includes an average candidate derived from averaging
motion information of a plurality of existing candidates in the first candidate list;

generating a second predictor for the current block;

generating a final predictor for the current block by combining the motion compensated predictor and the
second predictor; and

encoding or decoding the current block according to the final predictor.

2.The method of Claim 1, wherein the first candidate list excludes Merge candidates of sub-PU modes.

3.The method of Claim 1, further comprising checking similarity of candidates in the first candidate list
and removing one or more candidates with similar motion information from the first candidate list.

4.The method of Claim 1, wherein the first candidate list includes one or more additional candidates to fill
one or more empty positions when a number of candidates in the first candidate list is less than a fixed
candidate list size, and the one or more additional candidates are selected from one or a combination of
combined Merge candidates, scaled Merge candidates, and zero vector Merge candidates.

5.The method of Claim 1, wherein the average candidate is included to fill an empty position in the first
candidate list when a number of candidates in the first candidate list is less than a fixed candidate list size.

6.The method of Claim 1, wherein a Motion Vector (MV) of the average candidate MV, is derived from
MVs of two existing candidates MV; and MV; with corresponding weightings W; and W;.

7.The method of Claim 6, wherein the weightings are fixed or changed with a property of the
corresponding MVs.

8.The method of Claim 6, wherein the weightings are signaled at a Coding Unit (CU), Coding Tree Unit
(CTU), slice, tile, tile group, picture, Sequence Parameter Set (SPS), or Picture Parameter Set (PPS) level.

9.The method of Claim 6, wherein the weightings are determined depending on a block height and a
block width of the current block, and a larger weighting is applied to the MV corresponding to a left
neighboring block when the block height is larger than the block width.

10.The method of Claim 1, wherein the average candidate is derived from averaging motion information
of the existing candidates with a same reference picture.

11.The method of Claim 1, wherein the second predictor for the current block is generated by motion
compensation from Merge or Skip mode.

12.The method of Claim 11, wherein the second predictor is generated according to one candidate
selected from the first or a second candidate list, and the second candidate list includes an average candidate
derived from averaging motion information of a plurality of existing candidates in the first or second candidate
list.

13.The method of Claim 12, wherein a Motion Vector (MV) of the average candidate MV,,, in the
second candidate list is derived from averaging MVs of two existing candidates MV; and MV; in the second

candidate list with corresponding weightings W; and W;.
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14.The method of Claim 11, wherein the motion compensated predictor for the current block is generated
by uni-prediction according to the candidate selected from the first candidate list, and the second predictor for
the current block is generated by uni-prediction according to one candidate selected from the first or a second
candidate list.

15.The method of Claim 1, wherein the motion compensated predictor for the current block is generated
by uni-prediction or bi-prediction according to the candidate selected from the first candidate list.

16.The method of Claim 1, wherein the second predictor for the current block is generated by an intra
prediction mode.

17.The method of Claim 16, wherein the intra prediction mode is selected from a candidate list, and a
number of intra prediction modes in the candidate list is determined depending on a block width, block height,
or block size of the current block.

18.The method of Claim 16, wherein the intra prediction mode is selected from a candidate list and intra
prediction modes in the candidate list are determined according to a block width and a block height of the
current block.

19.An apparatus of processing video data in a video encoding or decoding system, the apparatus
comprising one or more electronic circuits configured for:

receiving input data associated with a current block in a current video picture;

generating a motion compensated predictor for the current block according to one candidate selected from
a first candidate list, wherein the first candidate list includes an average candidate derived from averaging
motion information of a plurality of existing candidates in the first candidate list;

generating a second predictor for the current block;

generating a final predictor for the current block by combining the motion compensated predictor and the
second predictor; and

encoding or decoding the current block according to the final predictor.

20.A non-transitory computer readable medium storing program instruction causing a processing circuit
of an apparatus to perform video processing method, and the method comprising:

receiving input data associated with a current block in a current video picture;

generating a motion compensated predictor for the current block according to one candidate selected from
a first candidate list, wherein the first candidate list includes an average candidate derived from averaging
motion information of a plurality of existing candidates in the first candidate list;

generating a second predictor for the current block;

generating a final predictor for the current block by combining the motion compensated predictor and the
second predictor; and

encoding or decoding the current block according to the final predictor.
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