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(57) ABSTRACT

A method and apparatus of deriving a motion vector predictor
(MVP) for a current block in an Inter, Merge, or Skip mode
are disclosed. Embodiments according to the present inven-
tion determine redundant MVP candidates according to a
non-MV-value based criterion. The redundant MVP candi-
dates are then removed from the MVP candidate set. In other
embodiments according to the present invention, motion IDs
are assigned to MVP candidates to follow the trail of motion
vectors associated with the MVP candidate. An MVP candi-
date having a same motion ID as a previous MVP is redundant
and can be removed from the MVP candidate set. In yet
another embodiment, redundant MVP candidates correspond
to one or more of the MVP candidates that cause the second
2NxN or Nx2N PU to be merged into a 2Nx2N PU are
removed from the MVP candidate set.
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METHOD AND APPARATUS FOR REMOVING
REDUNDANCY IN MOTION VECTOR
PREDICTORS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present invention claims priority to U.S. Provi-
sional Patent Application, No. 61/500,903, filed Jun. 24,
2011, entitled “Method for removing redundancy in motion
vector predictors” and U.S. Provisional Patent Application,
No. 61/562,560, filed Nov. 22, 2011, entitled “Method for
reordering or removing the MVP located within previous PUs
for Merge mode”. The U.S. Provisional Patent Application is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to video coding. In
particular, the present invention relates to coding techniques
associated with derivation of motion vector predictors for
motion vector coding.

BACKGROUND

[0003] In video coding systems, spatial and temporal
redundancy is exploited using spatial and temporal prediction
to reduce the information to be transmitted. The spatial and
temporal prediction utilizes decoded pixels from the same
picture and reference pictures respectively to form prediction
for current pixels to be coded. In a conventional coding sys-
tem, side information associated with spatial and temporal
prediction may have to be transmitted, which will take up
some bandwidth of the compressed video data. The transmis-
sion of motion vectors for temporal prediction may require a
noticeable portion of the compressed video data, particularly
in low-bitrate applications. Accordingly, motion vector pre-
diction has been widely used in the field to reduce bitrate
corresponding to the motion vector coding.

[0004] High-Efficiency Video Coding (HEVC) is a new
international video coding standard that is being developed
by the Joint Collaborative Team on Video Coding (JCT-VC).
HEVC is based on the hybrid block-based motion-compen-
sated DCT-like transform coding architecture. The basic unit
for compression, termed Coding Unit (CU), is a 2Nx2N
square block, and each CU can be recursively split into four
smaller CUs until a predefined minimum size is reached.
Each CU contains one or multiple Prediction Units (PUs).
The PU sizes can be 2Nx2N, 2NxN, 2NxnU, 2NxnD, Nx2N,
nLx2N, nRx2N, or NxN, where 2NxN, 2NxnU, 2NxnD and
Nx2N, n[Lx2N, nRx2N correspond to horizontal and vertical
partition of a 2Nx2N PU with symmetric or asymmetric PU
size division respectively.

[0005] To further increase the coding efficiency of motion
vector coding in HEVC, the motion vector competition
(MVC) based scheme is applied to select one motion vector
predictor (MVP) among a given MVP candidate set which
includes spatial and temporal MVPs. There are three inter-
prediction modes including Inter, Skip, and Merge in the
HEVC test model version 3.0 (HM-3.0). The Inter mode
performs motion-compensated prediction with transmitted
Motion Vector Differences (MVDs) that can be used together
with MVPs for deriving motion vectors (MVs).

[0006] The Skip and Merge modes utilize motion inference
methods (MV=MVP+MVD where MVD is zero) to obtain
the motion information from spatial neighboring blocks (spa-
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tial candidates) or temporal blocks (temporal candidates)
located in a co-located picture. The co-located picture is the
first reference picture in list O or list 1, which is signaled in the
slice header.

[0007] When a PU is coded in either Skip or Merge mode,
no motion information is transmitted except for the index of
the selected candidate. In the case of a Skip PU, the residual
signal is also omitted. For the Inter mode in HM-3.0, the
Advanced Motion Vector Prediction (AMVP) scheme is used
to select a motion vector predictor among an AMVP candi-
date set including two spatial MVPs and one temporal MVP.
As for the Merge and Skip mode in HM-3.0, the Merge
scheme is used to select a motion vector predictor among a
Merge candidate set containing four spatial MVPs and one
temporal MVP.

[0008] For the Inter mode, the reference picture index is
explicitly transmitted to the decoder. The MVP is then
selected among the candidate set for a given reference picture
index. FIG. 1 illustrates the MVP candidate set for the Inter
mode according to HM-3.0, where the MVP candidate set
includes two spatial MVPs and one temporal MVP:

[0009] 1. Left predictor (the first available MV from A,
and A)),
[0010] 2. Top predictor (the first available MV from B,

B,,and B, , ), and
[0011] 3. Temporal predictor (the first available MV
from Tz and Te7).
[0012] A temporal predictor is derived from a block (T3 or
Tczz) in a co-located picture, where the co-located picture is
the first reference picture in list O or list 1. The block associ-
ated with the temporal MVP may have two MVs: one MV
from list 0 and one MV from list 1. The temporal MVP is
derived from the MV from list O or list 1 according to the
following rule:
[0013] 1. The MV that crosses the current picture is
chosen first, and
[0014] 2.Ifboth MVs cross the current picture or both do
not cross, the MV with the same reference list as the
current list will be chosen.
[0015] In HM-3.0, if a particular block is encoded in the
Merge mode, an MVP index is signaled to indicate which
MVP among the MVP candidate set is used for this block to
be merged. To follow the essence of motion information
sharing, each merged PU reuses the MV, prediction direction,
and reference picture index of the selected candidate. It is
noted that if the selected MVP is a temporal MVP, the refer-
ence picture index is always set to the first reference picture.
FIG. 2 illustrates the MVP candidate set for the Merge mode
according to HM-3.0, where the MVP candidate set includes
four spatial MVPs and one temporal MVP:

[0016] 1. Left predictor (A,,),
[0017] 2. Top predictor (B,),
[0018] 3. Temporal predictor (the first available MV

from Tzz or Trgg),

[0019] 4. Above-right predictor (B,), and
[0020] 5. Below-left predictor (A,).
[0021] In HM-3.0, a process is utilized in both Inter and

Merge modes to avoid an empty candidate set. The process
adds a candidate with a zero MV to the candidate set when no
candidate can be inferred in the Inter or Merge mode.

[0022] Based on the Rate-Distortion Optimization (RDO)
decision, the encoder selects one final MVP within a given
MVP candidate set for the Inter, Skip, or Merge mode and
transmits the index of the selected MVP to the decoder after
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removing the redundant candidates. In the AMVP scheme,
temporal motion predictor is included in the candidate set of
motion vector predictors (MVPs) to improve the coding effi-
ciency. However, there is also a drawback of using temporal
motion prediction since any parsing error associated with the
temporal motion predictor may cause severe error propaga-
tion. When a motion vector of a previous picture cannot be
decoded correctly, a mismatch between the candidate set on
the encoder side and that on the decoder side may occur. This
mismatch may result in parsing error of the index of the best
MVP candidate and cause the rest of the current picture
parsed or decoded erroneously. Furthermore, this parsing
error can affect subsequent inter pictures that allow temporal
MVP candidates.

[0023] In HEVC, a process is developed to compress the
memory associated with MV information in a coded picture
for temporal MVPs. The process of memory compression for
MYV information is termed Motion Data Storage Reduction
(MDSR) in HEVC. In this method, MV data of one block in
an MDSR unit will be used as the representative MV data for
the entire MDSR unit, and all the MV data of other blocks in
the MDSR will be discarded.

[0024] The AMVP scheme derives MVP candidates from
neighboring blocks in the same picture as well as co-located
blocks from reference pictures. With the availability of these
MVP candidates, a better prediction, i.e., smaller MVD, for
an underlying MV may be achieved. However, during the
AMVP process, an MVP may be redundant under certain
circumstances. It is desirable to remove the redundancy in
motion vector prediction to reduce complexity and/or to
improve performance.

SUMMARY

[0025] A method and apparatus of deriving a motion vector
predictor (MVP) for a current block in an Inter, Merge, or
Skip mode are disclosed. Embodiments according to the
present invention determine redundant MVP candidates
according to a non-MV-value based criterion. The redundant
MVP candidates are then removed from the MVP candidate
set. In one embodiment, MVP candidates within a same PU
(Processing Unit) or same MDSR (Motion Data Storage
Reduction) unit are determined to be redundant. MVP candi-
dates, that located in different PUs and the different PUs are
merged, are also determined to be redundant. In another
embodiment, one MVP candidate is redundant if a first MVP
candidate is coded as an Inter mode according to a second
MVP candidate and zero MVD (Motion Vector Difference)
and without scaling. In yet another embodiment, one or more
of the MVP candidates are redundant if said one or more of
the MVP candidates cause the second 2NxN, 2NxnU,
2NxnD, Nx2N, n[.x2N or nRx2N PU to be merged into a
2Nx2N PU. Similarly, one or more of the MVP candidates are
determined to be redundant if said one or more of the MVP
candidates cause the fourth NxN PU to be merged into a
2NxN, Nx2N, 2NxnU, 2NxnD, nLLx2N, nRx2N or 2Nx2N
PU. In another embodiment, for the second 2NxN, 2NxnU,
2NxnD, Nx2N, nL.x2N or nRx2N PU, one or more of the
MVP candidates are redundant and removed if said one or
more of the MVP candidates located within the previous
(first) 2NxN, 2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N PU.
[0026] In other embodiments according to the present
invention, motion IDs are assigned to MVP candidates to
follow the trail of motion vectors associated with the MVP
candidate. An MVP candidate having a same motion ID as a
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previous MVP candidate is redundant and can be removed
from the MVP candidate set. A unique motion ID is assigned
to a new MV in an Inter mode. Also, a unique motion ID is
assigned to a new MV associated with a block, wherein the
block is merged with another block with a new temporal
MVP. For MVP candidates associated with blocks that are
merged with respective blocks associated with temporal
MVPs from the same MDSR unit using the same scaling
factor, the same motion ID is assigned to the MVs associated
with blocks. A unique motion ID is assigned to a MV that is
merged with an MVP candidate having a zero MV created by
a process to avoid empty candidate set in Merge mode. In an
Inter mode, if MVD is zero, a unique motion ID is also
assigned to an MV that is predicted by an MVP candidate
with zero MV created by a process to avoid empty candidate
set. The motion ID for an MV associated with a first block in
a Merge/Skip mode can be inherited from a second block that
the first block is merged. The motion ID for an MV associated
with a block coded in an Inter mode with zero MVD can also
be inherited from a neighboring block, wherein the neighbor-
ing block has an associated MV that is the same as a derived
MVP based on the MV and the MVD with scaling. For a
second 2NxN, 2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N PU
in a Merge mode, the MVP candidates with motion ID iden-
tical to the motion ID of the first PU can be removed to avoid
imitating a 2Nx2N PU Merge. Similarly, for the fourth NxN
PU in a Merge mode, the MVP candidates having the same
motion ID as one or more other NxN PUs to cause the fourth
NxN PU to be merged into a 2NxN, Nx2N, 2NxnU, 2NxnD,
nLx2N, nRx2N or 2Nx2N PU can be removed. A syntax
element is incorporated in a sequence, picture or slice header
to indicate whether motion IDs are used for the MVP candi-
dates.

[0027] Inyet another embodiment according to the present
invention, the method comprising: determining neighboring
blocks for a second 2NxN, 2NxnU, 2NxnD, Nx2N, nLLx2N
or nRx2N PU (Processing Unit), wherein an MVP candidate
set is generated from MVP candidates associated with the
neighboring blocks; removing one or more redundant MVP
candidates from the MVP candidate set, wherein said one or
more redundant MVP candidates correspond to one or more
of the MVP candidates that cause the second 2NxN, 2NxnU,
2NxnD, Nx2N, nLx2N or nRx2N PU to be merged into a
2Nx2N PU; and determining the MVP for the 2NxN, 2NxnU,
2NxnD, Nx2N, nLx2N or nRx2N PU based on the MVP
candidate set with said one or more redundant MVP candi-
dates removed.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 illustrates neighboring block configuration
for deriving spatial/temporal MVP candidates for Inter and
Skip modes according to HM-3.0;

[0029] FIG. 2 illustrates neighboring block configuration
for deriving spatial/temporal MVP candidates for the Merge
mode according to HM-3.0;

[0030] FIG. 3 illustrates an example of redundant MVP
candidates due to MVP candidates in the same PU;

[0031] FIG. 4 illustrates an example of redundant MVP
candidates caused by MDSR;

[0032] FIG. 5 illustrates an example of redundant MVP
candidates caused by merging of blocks associated with MVP
candidates;

[0033] FIG. 6 illustrates an example of redundant MVP
candidates caused by the Inter mode, where one block is
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coded in the Inter mode using the MV of the other block
without scaling and with zero MVD;

[0034] FIG. 7A-FIG. 7H illustrate examples of redundant
MVP candidates in 2NxN, Nx2N, 2NxnU, 2NxnD, nLx2N
or nRx2N Merge mode;

[0035] FIG. 8A-FIG. 8C illustrate examples of redundant
MVP candidates in NxN Merge mode;

[0036] FIG. 9 illustrates an example of redundant MVP
candidates caused by combination of different types of redun-
dancy;

[0037] FIG. 10 illustrates an example of motion ID assign-

ment for MVP candidates corresponding to blocks that are
merged with respective blocks having motion information
derived from a same MDSR unit;

[0038] FIG. 11A-FIG. 11B illustrate examples of motion
ID inheritance through motion information sharing.

DETAILED DESCRIPTION

[0039] As mentioned before, the AMVP scheme derives
MVP candidates from neighboring blocks in the same picture
as well as co-located blocks from reference pictures. The
efficiency of AMVP depends on the availability of MVP
candidates and the quality of the MVP candidates (i.e., accu-
racy of the MVP). On the other hand, an MVP candidate may
be redundant under certain circumstances according to the
AMVP process described in HM-3.0. The redundant MVP
candidate may be removed to reduce complexity and/or to
improve performance. Accordingly, embodiments of the
present invention are disclosed herein that remove redun-
dancy in MVP candidates, where the redundancy is identified
without the need to compare the MV value of the MVP
candidate with a previous MVP.

[0040] One embodiment of the present invention identifies
and removes redundant MVP candidates in the same PU. If
more than one MVP candidate in the MVP candidates set is
located within in the same PU, the MVP candidates in the
same PU will be identical. Therefore, the redundant MVP
candidates can be removed without comparing their MVs.
FIG. 3 illustrates an example of redundant MVP candidates in
the Merge mode according to HM-3.0. As shown in FIG. 3,
the MVP candidates are from spatial neighboring blocks
including blocks A, B, C, and D around the current PU 310
and temporal block H from a co-located picture. The MVP
candidates associated with blocks A, B, C, D, and H are
represented as MVPs A, B, C, D, and H respectively. FIG. 3
illustrates a case that the PU 320 above the current PU 310
extends to the above-right area of the current PU 310. Since
MVP B and MVP C are both located within the same PU,
MVP C is redundant and can be removed without the need for
comparing the MV at block C with a previous MVP. Alterna-
tively, MVP B can be removed without the need for compar-
ing the MV atblock B with a previous MVP. Ina conventional
approach according to HM-3.0, the MV at block C has to be
compared with a previous MVP to determine whether the MV
and the previous MVP have a same value. If the values are the
same, MVP C is considered to be redundant and is removed
from the MVP candidate set. However, in a system embody-
ing the present invention, the redundant MVP candidates are
determined based on the fact that more than one MVP candi-
date is located in the same PU. There is no need of evaluating
the MV (such as comparing the MV value) of the underlying
MVP candidate. While the neighboring block configuration
for the Merge mode according to HM-3.0 is used as an
example, the embodiment of the present invention for deter-
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mining and removing redundancy for MVP candidates in the
same PU is applicable to other neighboring block configura-
tions. For example, the spatial candidates may also be based
on the neighboring block configuration shown in FIG. 1.
Furthermore, while FIG. 3 illustrates an example that the
same PU is located above the current PU, the same PU may
also be located to the left of the current PU. The embodiment
can also be applied to redundancy identification and removal
for the Inter and Skip modes.

[0041] One embodiment of the present invention identifies
and removes redundant MVP candidates caused by Motion
Data Storage Reduction (MDSR). In HM-3.0, the temporal
predictor is derived from a block located in a co-located
picture and the MV is scaled according to the Picture Order
Counts (POCs). When the process of MDSR is applied, it may
cause one or more MVP candidates become redundant. FIG.
4 illustrates an example of redundancy in MVP candidates
due to MDSR, where MVP H' and MVP H are within the same
MDSR unit, have the same scaling factor, and are derived
from the MV of the same reference picture list. If the neigh-
boring PU 420 is merged with temporal MVP H' or selects
temporal MVP H' with zero MVD, MVP B will be the same
as MVP H'. On the other hand, MVP H' and MVP H are the
same since they are in the same MDSR unit. Accordingly,
MVP B is the same as MVP H. Since both MVP B and MVP
H belong to the MVP candidate set of the current PU 410, one
of MVP B and MVP H is redundant and can be removed from
the MVP candidate set. The neighboring block configuration,
the neighboring PU and the MDSR shown in FIG. 4 are used
to illustrate an example embodying the present invention. The
present invention may be practiced for other neighboring
block configurations, other neighboring PU arrangements,
and other MDSR units. For example, the neighboring PU may
be located to the left of the current PU. The MDSR may
correspond to blocks around other boundaries around the
current PU.

[0042] One embodiment of the present invention identifies
and removes redundant MVP candidates caused by block
merging. If multiple MVP candidates are located in different
PUs and the PUs are merged together, those MVP candidates
will be identical. The redundant MVP candidates can be
removed accordingly. FIG. 5 illustrates an example where the
blocks 510 through 550, shown as shaded blocks, indicate the
PUs that are merged together. Since MVP A and MVP C are
identical due to the merge operation, one of the two MVP
candidates is redundant and can be removed. Again, the
neighboring block configuration and the merged PUs are used
to illustrate an example embodying the present invention. A
skilled person in the art may use other neighboring block
configurations and other merged PUs to practice the present
invention.

[0043] One embodiment of the present invention identifies
and removes redundant MVP candidates caused by Inter
mode associated with zero MVD. If multiple MVP candidates
are located in different PUs and one MVP candidate is pre-
dicted according to the Inter mode by another MVP candidate
with zero MVD, the MVP candidates will be identical and the
redundancy can be removed. FIG. 6 illustrates an example of
a redundant MVP candidate due to Inter mode associated
with zero MVD. The PU of MVP A is coded as Inter mode
using MVP B without scaling and with zero MVD. For the
current PU, MVP A and MVP B are identical. Therefore, one
of MVP A and MBP A is redundant and can be removed. A
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skilled person in the art may use other neighboring block
configurations to practice the present invention.

[0044] One embodiment of the present invention identifies
and removes redundant MVP candidates to avoid imitation of
Merge. In HEVC, a 2Nx2N PU may be partitioned into
2NxN, 2NxnU, 2NxnD, Nx2N, nLx2N or nRx2N PUs
according to the Rate-Distortion Optimization (RDO) pro-
cess, where 2NxnU, 2NxnD, n.x2N and nRx2N are asym-
metrical motion partition (AMP) PUs. If the second 2NxN
2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N PU is merged with
the first PU, the two 2NxN 2NxnU, 2NxnD, Nx2N, nL.x2N or
nRx2N PUs will be merged back into one 2Nx2N PU. There-
fore, the second PU should avoid the respective 2NxN
2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N Merge mode so
that two 2NxN 2NxnU, 2NxnD, Nx2N, n.x2N or nRx2N
PUs will not be merged back into a 2Nx2N PU. The scenario
that multiple partitioned PUs from an original PU are merged
back to form the original PU is termed imitation of Merge.
Consequently, the MVP candidates of a current PU that may
cause the current PU to be merged with other PUs to cause
imitation of Merge is considered redundant and can be
removed without comparing the MV values. For example, for
the second PU of 2NxN, 2NxnU, 2NxnD, Nx2N, n[.x2N or
nRx2N Merge mode, those MVPs which are located within
the previous (first) PUs and will naturally make this 2NxN,
2NxnU, 2NxnD, Nx2N, nLx2N or nRx2N PU merge as a
2Nx2N PU can be removed without comparing the values of
MVs. FIG. 7A and FIG. 7B illustrate examples of redundancy
due to imitation of 2NxN and Nx2N Merge respectively. As
shown in FIG. 7A, MVP B for the second 2NxN PU in the
2NxN Merge mode can be removed to avoid the duplication.
In FIG. 7A, MVP A for the second Nx2N PU in the Nx2N
Merge mode can be removed to avoid the imitation of Merge.
The neighboring block configuration shown in FIGS. 7A and
7B for determining spatial/temporal MVPs are used for illus-
tration purpose. A system may adopt other neighboring block
configurations, and the MVP redundancy due to the imitation
of Merge can be identified and removed according to the
present invention. For example, the neighboring block con-
figuration for the Inter and Skip modes as shown in FIG. 1
may be used for the Merge mode as well. The redundancy due
to imitation of Merge can be determined as shown in FIG.
7C-FIG. 7H. In FIG. 7C, MVP B, for 2NxN PU2 is from
2NxN PU1. The 2NxN PU1 and PU2 merging will cause the
imitation of Merge. Accordingly, MVP B, is determined to be
redundant and is removed from the MVP candidate set. Simi-
larly, MVP A, in FIG. 7D, MVP B, in FIG. 7E, MVP A, in
FIG. 7F, MVP B, in FIG. 7G and MVP A, in FIG. 7H are
determined to be redundant and are removed from the MVP
candidate set, respectively.

[0045] For the fourth PU in NxN Merge mode, those MVPs
that will cause the NxN PUs merged as one of 2Nx2N, 2NxN,
2NxnU, 2NxnD, nLx2N, nRx2N or Nx2N PU can also be
removed without comparing the MV values. FIGS. 8A-C
illustrate examples of redundant MVP candidate removal to
avoid the imitation of NxN Merge mode. As shown in FIG.
8A, if PU1 and PU3 are merged, MVP B of PU4 is removed
from MVP candidate set to avoid the imitation of Nx2N PU
Merge according to the present invention. In FIG. 8B, if PU1
and PU2 are merged, MVP A of PU4 is removed from MVP
candidate set to avoid the imitation of 2NxN PU Merge
according to the present invention. In FIG. 8C, if PU1, PU2
and PU3 are merged, MVP A and MVP B are removed from
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MVP candidate set to avoid the imitation of 2Nx2N Merge
according to the present invention.

[0046] One embodiment of the present invention identifies
and removes redundant MVP or MVPs caused by combina-
tion of different types of processes that may cause redun-
dancy. The redundancy may be caused by the interaction
between two processes. An example is shown in FIG. 9,
where MVP H' and MVP H are within the same MDSR unit
and have same scaling factor. Therefore, either MVP H or
MVP H’s can be removed. MVP H is removed in the example
of FIG. 10. Furthermore, it is assumed that the first 2NxN PU
is merged with MVP H'. In order to avoid the imitation of
2Nx2N PU Merge, MVP B for the second PU is removed.
While the combination of 2NxN PU Merge and MDSR is
used as an example of MVP redundancy, the current invention
can be practiced for other combinations of two or more pro-
cesses, where combination of the processes may cause MVP
redundancy. Accordingly, any of the cases that cause redun-
dancy in MVP candidates as mentioned above can be com-
bined with another case.

[0047] One embodiment of the present invention identifies
and removes redundant MVP candidates using motion ID.
This embodiment utilizes motion ID to track the inheritance
process of motion information passed from a coded PU to the
current PU so as to follow the trail of the MV. The motion ID
is used to help identify redundancy in MVP candidates with-
out the need for comparing the MV values. In addition,
motion ID also offers a benefit of alleviating parsing error and
error propagation. In order to reduce the bits used to encode
the index of motion vector predictor (MVP), redundant
MVPs are removed from the MVP candidate set. However,
this can cause parsing errors leading to severe error propaga-
tion. When a motion vector (MV) of a previous picture cannot
be decoded correctly, a mismatch between the candidate set
on the encoder side and that on the decoder side may occur,
resulting in parsing error of the index of the best MVP. Con-
sequently, the rest of the current picture cannot be parsed or
decoded properly. What is even worse, this parsing error can
affect subsequent inter pictures that also use temporal MVPs.
Motion identification (ID) is proposed to describe the inher-
itance process of motion information passed from a coded PU
to the current PU to follow the trail of the MV. A unique
motion ID is assigned for each new MV created in the Inter
mode and can be inherited through the Merge and Skip
modes. By comparing the motion 1D, the MVP having the
same motion ID as a previous MVP in the candidate set can
thus be removed. Even ifthe MV of a previous picture had not
been correctly decoded, the decision of redundancy will not
be affected because the inherent of motion ID does not rely on
the motion vector values.

[0048] A unique motion ID is assigned to each new MV
associated with a block in the Inter mode (new MV=MVP+
MYVD) or Merge mode. For Merge mode, a new MV occurs
when a block is merged with a temporal block having a new
temporal MVP. If two PUs are merged with respective co-
located blocks, where the temporal MVPs associated with the
co-located blocks are within the same MDSR unit, and based
on the same target reference picture and same picture refer-
ence list, the same motion ID will be assigned to the MVs
associated with the two PUs. FIG. 10 illustrates an example of
motion ID assignment in the case that MVP redundancy
exists. The above PU and the current PUs are merged with
temporal block H' and block H respectively. Both MVP Hand
MVP H' are derived from the co-located blocks within the
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same MDSR unit. Therefore, a same motion ID (i.e., MID,,)
is assigned to the above PU and the current PU. In another
case, a unique motion ID is assigned to the MVs that are
merged with or predicted (with zero MVD) by the MVP
candidates with zero MVs, where the zero MVs are created by
the process of avoiding empty MVP candidate set in HEVC.

[0049] The motion ID can be inherited in the Merge, Skip
and Inter modes. In the Merge mode, an MVP index is sig-
naled to indicate which MVP candidate of the MVP candidate
set is used for the current block to be merged. To follow the
essence of motion information sharing, each merged PU
reuses the MV, prediction direction, and reference picture
index of the selected candidate. FIG. 11A illustrates an
example of motion ID inheritance for the Merge mode. The
current PU is merged with MVP candidate B and inherits the
motion ID (i.e., MIDj) of the selected MVP candidate. FIG.
11B illustrates an example motion ID inheritance for the Inter
mode. The motion ID (i.e., MIDj) is inherited according to
the Inter mode when the MVD equals to zero and the derived
MVP is exactly the same as that of the neighboring block
(without scaling). In a system using the motion ID, the MVP
which has an identical motion ID with a previous MVP can be
removed without the need to compare the MV value.

[0050] One embodiment of the present invention identifies
and removes redundant MVP or MVPs to avoid imitation of
Merge using motion ID. For the second PU in 2NxN or Nx2N
Merge mode, those MVPs with motion ID identical to that of
the first PU can be removed without comparing the MV
values. The examples of MVP redundancy for the second PU
in 2NxN or Nx2N Merge mode as shown in FIGS. 7A-D can
be used to illustrate redundancy identification and removal to
avoid imitation of Merge using the motion ID. For the fourth
PU in the NxN Merge mode, those MVP candidates that will
cause the NxN PU to be merged as one of 2Nx2N, 2NxN or
Nx2N PU can also be removed according to the motion ID.
Technique to remove redundancy to avoid the imitation
caused by NxN Merge mode is described previously and
FIGS. 8A-C are used to illustrate cases corresponding to
various NxN Merge modes. In the current embodiment, an
alternative is used to remove the redundancy, where the
redundancy is determined according to the motion ID. Again,
FIGS. 8A-C are used to illustrate the cases corresponding to
various NxN Merge modes, where the current PU is PU4. In
FIG. 8A, if PU1 and PU3 have the same motion ID, the MVP
candidates whose motion IDs are identical to that of PU2 can
be removed to avoid the imitation of Nx2N Merge. In FIG.
8B, if PU1 and PU2 have the same motion ID, the MVPs
whose motion IDs are identical to that of PU3 can be removed
to avoid the imitation of 2NxN Merge. In FIG. 8C, if PU1,
PU2 and PU3 have the same motion 1D, the MVPs whose
motion IDs are identical to that of PU1, PU2 and PU3 can be
removed to avoid the imitation of 2Nx2NMerge.

[0051] The above description is presented to enable a per-
son of ordinary skill in the art to practice the present invention
as provided in the context of a particular application and its
requirements. Various modifications to the described embodi-
ments will be apparent to those with skill in the art, and the
general principles defined herein may be applied to other
embodiments. Therefore, the present invention is not
intended to be limited to the particular embodiments shown
and described, but is to be accorded the widest scope consis-
tent with the principles and novel features herein disclosed. In
the above detailed description, various specific details are
illustrated in order to provide a thorough understanding of the
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present invention. Nevertheless, it will be understood by
those skilled in the art that the present invention may be
practiced.

[0052] The method of MVP redundancy is identified using
a non-MV-value based criterion according to the present
invention. Various non-MV-value based criteria have been
disclosed. Accordingly, the redundant MVP candidates can
be identified and removed from the MVP candidate set. A
system embodying the present invention uses a modified
MVP candidate set with redundant MVP candidate removed.
In one embodiment, motion IDs are assigned to MVP candi-
dates and are used to identify redundancy in MVP candidates.
The system may use a syntax element that is incorporated in
a sequence, picture or slice header to indicate whether said
one or more redundant MVP candidates are removed from the
MVP candidate set. In the case that the motion ID is used, the
system may use a syntax element that is incorporated in a
sequence, picture or slice header to indicate whether motion
IDs are used for the MVP candidates.

[0053] Embodiment of MVP redundancy removal accord-
ing to the present invention as described above may be imple-
mented in various hardware, software codes, or a combina-
tion of both. For example, an embodiment of the present
invention can be a circuit integrated into a video compression
chip or program codes integrated into video compression
software to perform the processing described herein. An
embodiment of the present invention may also be program
codes to be executed on a Digital Signal Processor (DSP) to
perform the processing described herein. The invention may
also involve a number of functions to be performed by a
computer processor, a digital signal processor, a micropro-
cessor, or field programmable gate array (FPGA). These pro-
cessors can be configured to perform particular tasks accord-
ing to the invention, by executing machine-readable software
code or firmware code that defines the particular methods
embodied by the invention. The software code or firmware
codes may be developed in different programming languages
and different formats or styles. The software code may also be
compiled for different target platforms. However, different
code formats, styles and languages of software code and other
means of configuring code to perform the tasks in accordance
with the invention will not depart from the spirit and scope of
the invention.

[0054] The invention may be embodied in other specific
forms without departing from its spirit or essential character-
istics. The described examples are to be considered in all
respects only as illustrative and not 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.

1. A method of deriving a motion vector predictor (MVP)
for a current block in an Inter, Merge, or Skip mode, the
method comprising:

determining neighboring blocks of the current block,
wherein an MVP candidate set is derived from MVP
candidates associated with the neighboring blocks;

determining at least one redundant MVP candidate accord-
ing to a non-MV-value based criterion;

removing said at least one redundant MVP candidate from
the MVP candidate set; and

14



US 2014/0092981 Al

providing a modified MVP candidate set, wherein the
modified MVP candidate set corresponds to the MVP
candidate set with said at least one redundant MVP
candidate removed.

2. The method of claim 1, wherein an MVP candidate is
determined to be said at least one redundant MVP candidate
if said MVP candidate is within a same PU (Prediction Unit)
as another MVP candidate in the MVP candidate set.

3. The method of claim 1, wherein an MVP candidate is
determined to be said at least one redundant MVP candidate
if said MVP candidate is within a same MDSR (Motion Data
Storage Reduction) unit as another MVP candidate in the
MVP candidate set.

4. The method of claim 3, wherein said MVP candidate and
said another MVP candidate use a same scaling factor.

5. The method of claim 4, wherein said MVP candidate and
said another MVP candidate use a same reference picture list.

6. The method of claim 1, wherein an MVP candidate is
determined to be said at least one redundant MVP candidate
if said MVP candidate and another MVP candidate in the
MVP candidate set are located in different PUs (Prediction
Units) and the different PUs are merged.

7. The method of claim 1, wherein the MVP candidate set
comprises a first MVP candidate and a second MVP candi-
date, wherein one of said first MVP candidate and second
MVP candidate is determined to be said at least one redundant
MVP candidate if the first MVP candidate is coded as an Inter
mode according to the second MVP candidate and zero MVD
(Motion Vector Difference) and without scaling.

8. The method of claim 1, wherein an MVP candidate is
determined to be said at least one redundant MVP candidate
if the current block corresponds to a second 2NxN, 2NxnU,
2NxnD, Nx2N, nLx2N or nRx2N PU (Prediction Unit)
coded in a Merge mode and said MVP candidate causes the
second 2NxN, 2NxnU, 2NxnD, Nx2N, n[.x2N ornRx2N PU
to be merged into a 2Nx2N PU.

9. The method of claim 1, wherein an MVP candidate is
determined to be said at least one redundant MVP candidate
if the current block corresponds to a second 2NxN, 2NxnU,
2NxnD, Nx2N, n[.x2N or nRx2N PU (Prediction Unit)
coded in a Merge mode and said MVP candidate located
within a first 2NxN, 2NxnU, 2NxnD, Nx2N, nLLx2N or
nRx2N PU.

10. The method of claim 1, wherein an MVP candidate is
determined to be said at least one redundant MVP candidate
if the current block corresponds to a fourth NxN PU (Predic-
tion Unit) and said MVP candidate causes the fourth NxN PU
to be merged into a 2NxN, Nx2N, 2NxnU, 2NxnD, n[.x2N or
nRx2N or 2Nx2N PU.

11. The method of claim 1, wherein the non-MV-value
based criterion is related to any combination of a group com-
prising:

at least two MVP candidates in the MVP candidate set are

within a same PU (Prediction Unit);

at least two MVP candidates in the MVP candidate set are

within a same MDSR (Motion Data Storage Reduction)
unit;
at least two MVP candidates in the MVP candidate set are
located in different PUs and the different PUs are
merged;
the MVP candidate set comprises a first MVP candidate
and a second MVP candidate and one of the MVP can-
didates is determined to be said at least one redundant
MVP candidate if the first MVP candidate is coded as an
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Inter mode according to the second MVP candidate and
zero MVD (Motion Vector Difference) and without scal-
ng;

the current block corresponds to a second 2NxN, 2NxnU,

2NxnD, Nx2N, nL.x2N or nRx2N PU in a Merge mode
and said at least one MVP candidate causes the second
2NxN, 2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N PU to
be merged into a 2Nx2N PU;

the current block corresponds to a second 2NxN, 2NxnU,

2NxnD, Nx2N, nLx2N or nRx2N PU in the Merge
mode and said at least one MVP candidate located
within a first 2NxN, 2NxnU, 2NxnD, Nx2N, n[.x2N or
nRx2N PU; and

the current block corresponds to a fourth NxN PU and said

at least one MVP candidate causes the fourth PU to be
merged into a 2NxN, 2NxnU, 2NxnD, Nx2N, n[.x2N or
nRx2N or the 2Nx2N PU.

12. The method of claim 1, wherein a syntax element is
incorporated in a sequence, picture or slice header to indicate
whether said at least one redundant MVP candidate is
removed from the MVP candidate set.

13. A method of deriving a motion vector predictor (MVP)
for a current block in an Inter, Merge, or Skip mode, the
method comprising:

determining an MVP candidate set for the current block,

wherein the MVP candidate set comprises MVP candi-
dates;

determining motion IDs for the MVP candidates, wherein

the motion IDs follow a trail of motion vectors associ-
ated with the MVP candidates; and

providing the motion IDs for the MVP candidates.

14. The method of claim 13, further comprising removing
a redundant MVP candidate from the MVP candidate set,
wherein the redundant MVP candidate is determined for one
MVP candidate in the MVP candidate set if said one MVP
candidate has a corresponding motion ID that is the same as a
previous MVP.

15. The method of claim 13, wherein a unique motion ID is
assigned to an MV (Motion Vector) associated with a block,
wherein the block is coded in an Inter mode and the MV is
new.

16. The method of claim 13, wherein a unique motion ID is
assigned to an MV (Motion Vector) associated with a first
block, wherein the first block is merged with a second block
associated with a temporal MVP, wherein the temporal MVP
is new.

17. The method of claim 13, wherein a same motion ID is
assigned to MVs (Motion Vectors) associated with blocks,
wherein the blocks are merged with respective blocks asso-
ciated with temporal MVPs from a same MDSR (Motion
Data Storage Reduction) unit using a same scaling factor.

18. The method of claim 13, wherein a unique motion ID is
assigned to an MV (Motion Vector) associated with a first
block, wherein the first block is merged with a second block
associated with a zero MV in a Merge mode or zero MVD
(Motion Vector Difference) in an Inter mode, wherein the
zero MV is created to avoid an empty MVP candidate set.

19. The method of claim 13, wherein the motion ID for an
MYV (Motion Vector) associated with a first block in a Merge
mode or Skip mode is inherited from a second block, wherein
the first block is merged with the second block.

20. The method of claim 13, wherein the motion ID for an
MYV (Motion Vector) associated with a first block in a Merge
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mode or Skip mode is inherited from a second block, wherein
the first block is merged with the second block corresponding
to a spatial MVP candidate.
21. The method of claim 13, wherein the motion ID for an
MYV (Motion Vector) associated with a block coded in an Inter
mode with zero MVD (Motion Vector Difference) is inherited
from a neighboring block, wherein the neighboring block has
an associated MV that is the same as a derived MVP based on
the MV and the MVD with scaling.
22. The method of claim 13, wherein one or more of the
MVP candidates for a second 2NxN, 2NxnU, 2NxnD, Nx2N,
nL.x2N or nRx2N PU (Prediction Unit) in a Merge mode are
removed from the MVP candidate set if said one or more of
the MVP candidates have a same motion ID as a first 2NxN,
2NxnU, 2NxnD, Nx2N, nL.x2N or nRx2N PU respectively.
23. The method of claim 13, wherein one or more of the
MVP candidates for a fourth NxN PU (Prediction Unit) in a
Merge mode are removed from the MVP candidate set if said
one or more of the MVP candidates have a same motion ID as
one or more other NxN PUs to cause the fourth NxN PU to be
merged into a 2NxN, 2NxnU, 2NxnD, Nx2N, nLx2N,
nRx2N or 2Nx2N PU.
24. The method of claim 13, wherein a syntax element is
incorporated in a sequence, picture or slice header to indicate
whether motion IDs are used for the MVP candidates.
25. A method of deriving a motion vector predictor (MVP)
for a block in an Inter, or Merge, or Skip mode, the method
comprising:
determining neighboring blocks for a second 2NxN,
2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N PU (Predic-
tion Unit), wherein an MVP candidate set is generated
from MVP candidates associated with the neighboring
blocks;
removing one or more redundant MVP candidates from the
MYVP candidate set, wherein said one or more redundant
MVP candidates correspond to one or more of the MVP
candidates that located within a first 2NxN, 2NxnU,
2NxnD, Nx2N, nL.x2N or nRx2N PU; and

determining the MVP for the 2NxN, 2NxnU, 2NxnD,
Nx2N, nLx2N or nRx2N PU based on the MVP candi-
date set with said one or more redundant MVP candi-
dates removed.

26. An apparatus of deriving a motion vector predictor
(MVP) for a current block in an Inter, Merge, or Skip mode,
the apparatus comprising:

means for determining neighboring blocks of the current

block, wherein an MVP candidate set is derived from
MVP candidates associated with the neighboring
blocks;

means for determining one or more redundant MVP can-

didates according to a non-MV-value based criterion;
means for removing said one or more redundant MVP
candidates from the MVP candidate set; and

means for providing a modified MVP candidate set,

wherein the modified MVP candidate set corresponds to
the MVP candidate set with said one or more redundant
MYVP candidates removed.
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27. The apparatus of claim 26, wherein one or more of the
MVP candidates are determined to be said one or more redun-
dant MVP candidates if the current block corresponds to a
second 2NxN, 2NxnU, 2NxnD, Nx2N, n.x2N or nRx2N PU
(Prediction Unit) coded in a Merge mode and said one or
more of the MVP candidates cause the second 2NxN,
2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N PU to be merged
into a 2Nx2N PU.

28. The apparatus of claim 26, wherein one or more of the
MYVP candidates are determined to be said one or more redun-
dant MVP candidates if the current block corresponds to a
second 2NxN, 2NxnU, 2NxnD, Nx2N, n.x2N or nRx2N PU
(Prediction Unit) coded in a Merge mode and said one or
more of the MVP candidates located within a first 2NxN,
2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N PU.

29. The apparatus of claim 26, wherein a syntax element is
incorporated in a sequence, picture or slice header to indicate
whether said one or more redundant MVP candidates are
removed from the MVP candidate set.

30. An apparatus of deriving a motion vector predictor
(MVP) for a current block in an Inter, Merge, or Skip mode,
the apparatus comprising:

means for determining an MVP candidate set for the cur-

rent block, wherein the MVP candidate set comprises
MVP candidates;
means for determining motion IDs for the MVP candi-
dates, wherein the motion IDs follow a trail of motion
vectors associated with the MVP candidates; and
means for providing the motion IDs for the MVP candi-
dates.

31. The apparatus of claim 30, wherein one or more of the
MYVP candidates for a second 2NxN, 2NxnU, 2NxnD, Nx2N,
nLx2N or nRx2N PU (Prediction Unit) in a Merge mode are
removed from the MVP candidate set if said one or more of
the MVP candidates have a same motion ID as a first 2NxN,
2NxnU, 2NxnD, Nx2N, n[.x2N or nRx2N PU respectively.

32. The apparatus of claim 30, wherein a syntax element is
incorporated in a sequence, picture or slice header to indicate
whether motion IDs are used for the MVP candidates.

33. An apparatus of deriving a motion vector predictor
(MVP) for a block in an Inter, or Merge, or Skip mode, the
apparatus comprising:

means for determining neighboring blocks for a second

2NxN 2NxnU, 2NxnD, Nx2N, nLx2N or nRx2N PU
(Prediction Unit), wherein an MVP candidate set is gen-
erated from MVP candidates associated with the neigh-
boring blocks;

means for removing one or more redundant MVP candi-

dates from the MVP candidate set, wherein said one or
more redundant MVP candidates correspond to one or
more of the MVP candidates that located within a first
2NxN, 2NxnU, 2NxnD, Nx2N, nLx2N or nRx2N PU;
and

means for determining the MVP for the 2NxN, 2NxnU,

2NxnD, Nx2N, nL.x2N or nRx2N PU based on the MVP
candidate set with said one or more redundant MVP
candidates removed.
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