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(57) Abstract: Methods of the pseudo residual prediction and Methods of DV/MYV estimation for residual prediction for multi-view
video coding and 3D video coding are disclosed. It is proposed that the pseudo residues are constructed using reconstructed samples
and are used to predict the original residues in dependent views. The method to construct the pseudo residues for a block depends on
the prediction method of this block. In addition, the estimated DV or MV of a block can be obtained by utilizing DVs or MVs of its
spatial and temporal neighboring blocks, and exploring original or reconstructed samples in the current picture and reconstructed
pictures. The proposed DV estimation method can also be used in other inter-view residual prediction method.
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METHODS FOR RESIDUAL PREDICTION WITH PSEUDO RESIDUES
IN 3D VIDEO CODING

FIELD OF INVENTION

The invention relates generally to Three-Dimensional (3D) video processing. In particular,

the present invention relates to methods for the residual prediction with pseudo residues in the

3D video coding.

BACKGROUND OF THE INVENTION

3D video coding is developed for encoding or decoding video data of multiple views

simultaneously captured by several cameras. Since all cameras capture the same scene from
different viewpoints, multi-view video data contains a large amount of inter-view redundancy.
To share the previously encoded residual information of reference views, an additional tool
called inter-view residual prediction has been integrated to the current HEVC based 3D video
coding [1].

The basic principle of the inter-view residual prediction (IVRP) is illustrated in Fig. 1. The
inter-view residual prediction is based on a disparity vector derivation for the current block. A
disparity vector is firstly derived for a current prediction unit (PU) and then the residual block
in the reference view that is referenced by the disparity vector is used for predicting the residual
of the current PU.

In the current 3D-HEVC, a DV derived from the spatial or temporal neighboring blocks is
used as the estimated DV for the current block [2]. As a complement, DV-MCP [3] is adopted
to supply an estimated DV when none of the neighboring blocks has a DV,

A more detailed illustration of the concept for deriving a reference block location inside
the reference view is given in Fig. 2. A disparity vector is firstly determined for current PU. The
disparity vector is added to the location of the top-left sample of the current PU yielding the
location of the top-left sample of the reference block. Then, similar as for motion compensation,
the block of residual samples in a reference view located at the derived reference location is
subtracted from the current residual and only the resulting difference signal is transform coded.
If the disparity vector points to a sub-sample location, the residual prediction signal is obtained
by interpolating the residual samples of the reference view using a bi-linear filter.

The usage of the inter-view residual prediction can be adaptively controlled at the

prediction unit (PU) level. An IVRP on/off control flag is signaled as part of the coding unit
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(CU) syntax when all the following conditions are true:

1. The current CU is a texture CU in dependent view, and the current slice is not an I-slice.

2. The current CU has at least one PU using motion-compensated prediction.

3. One or more transform units (TUs) covered or partially covered by the reference block
in the reference view are non-intra coded and contain at least one nonzero coded block flag
(CBP).

If the IVRP on/off control flag is signaled as O or not signaled for a CU, the IVRP is off
for the CU, i.e., the residual of the CU is conventionally coded using the HEVC transform
coding. Otherwise, if the IVRP on/off flag is signaled as 1 for a CU, then each PU in it should
determine whether to use the IVRP or not according to the reference picture type as follows:

1. If a PU only uses motion-compensated prediction, the IVRP is enabled in the PU.

2. If a PU only uses disparity-compensated prediction, the IVRP is disabled in the PU.

3. If the current PU is bi-prediction and one direction is motion compensated prediction
and the other direction is disparity-compensated prediction, the IVRP is enabled, but the
reference residual used in IVRP is multiplied by 1/2.

An advanced residual prediction (ARP) method is proposed to improve IVRP [4]. It is
proposed that motion of current view is applied to the corresponding block in a reference view
to have a better prediction performance. Moreover, additional weighting factor is introduced to
further compensate quality difference between different views.

Fig. 3 illustrates the prediction structure of ARP in multi-view video coding. As shown in
Fig. 3, D, represents the current block in the current view (view 1), B, and D, denote the
representation of D, in the reference view (view 0) at time Tj and D.’s temporal prediction from
the same view (view 1) at time Tj. Vp denotes the motion from D, to D,. Since D, and B, are
actually projections of the same object in two different views, these two blocks should share the
same motion information. Therefore, B.’s temporal prediction B; in view 0 at time T; can be
located from B. by applying the motion information of Vp. The residual of B, with motion
information of Vp is then multiplied by a weighting factor and used as the residual predictor for
current residual.

Main procedures of the proposed ARP at the decoder side can be described as follows:

1. Obtain an estimated disparity vector as specified in the current 3D-HEVC [1][2][3],
pointing to a target reference view. Then, in the picture of the reference view within the same
access unit, the corresponding block is located by the disparity vector.

2. Re-use the motion information of the current block to derive the motion information for

the reference block. Apply motion compensation for the corresponding block based the same
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motion vector of current block and derived reference picture in the reference view for the
reference block, to derive a residue block. The relationship among current block, corresponding
block and motion compensated block is shown in Fig. 4. The reference picture in the reference
view (V) which has the same POC (Picture Order Count) value as the reference picture of
current view (V) is selected as the reference picture of the corresponding block.

3. Apply the weighting factor to the residue block to get a weighted residue block and add
the values of the weighted residue block to the predicted samples.

Three weighting factors are used in ARP, i.e., 0, 0.5 and 1. The one leading to minimal
rate-distortion cost for the current CU is selected as the final weighting factor and the
corresponding weighting index (0, 1 and 2 which correspond to weighting factor 0, 1, and 0.5,
respectively) is transmitted in the bit-stream at the CU level. All PU predictions in one CU
share the same weighting factor. When the weighting factor is equal to 0, ARP is not used for
the current CU.
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SUMMARY OF THE INVENTION

A method of residual prediction with pseudo residues is proposed. In the proposed method,

pseudo residues can be generated using already coded frames or already coded samples in the
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current coding frame. Then the original residues in the current block in a dependent view can be
predicted by the pseudo residues.

Pseudo residues can be generated in several ways. The way of generating pseudo residues
can depend on the reference picture of the current block. Pseudo residues can be generated in a
certain way, no matter the current block refers to one or more inter-time reference pictures,
refers to one or more inter-view reference pictures, or refers to two or more reference pictures
combined with inter-time and inter-view ones.

Estimated Disparity Vector (DV) or estimated Motion Vector (MV) is utilized to generate
pseudo residues. These DVs or MVs can be estimated by the spatial or temporal neighboring
blocks of the current block on the encoder, as well as on the decoder. Besides, these DVs or
MVs can be estimated by searching a range of possible ones to find the optimal one on the
encoder, and can be explicitly transmitted to the decoder. Moreover, these DVs or MVs can be
estimated by searching a range of possible ones to find the optimal one on the decoder.

The method of pseudo residual prediction can be used in all blocks. Besides, the encoder
can determine whether to use pseudo residual prediction on a block, and a flag for this block is
transmitted to the decoder to indict. Moreover, it can be determined whether to use pseudo
residual prediction on a block according to the block coding modes of this block and its
neighboring blocks.

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 OFF THE DRAWINGS

The invention can be more fully understood by reading the subsequent detailed description
and examples with references made to the accompanying drawings, wherein:

Fig. 1 is a diagram illustrating the basic concept for inter-view residual prediction.

Fig. 2 is a diagram illustrating the derivation of the location of reference residual block.

Fig. 3 is a diagram illustrating the prediction structure of ARP in multi-view video coding.

Fig. 4 is a diagram illustrating the relationship among current block, corresponding block
and motion compensated block in ARP.

Fig. 5 is a diagram illustrating the construction of pseudo residues for an inter block
referring to an inter-time reference picture.

Fig. 6 is a diagram illustrating the construction of pseudo residues for an inter block
referring to an inter-view reference picture.

Fig. 7 is a diagram illustrating how to use pseudo residues to predict the original residues
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on the encoder.

Fig. 8 is a diagram illustrating how to use pseudo residues to predict the original residues
on the decoder.

Fig. 9 is a diagram illustrating an implementation to use pseudo residues to predict the
original residues on the encoder (left) and on the decoder (right).

Fig. 10 is a diagram illustrating how to use pseudo residues to predict the original residues
if an inter block refers to an inter-time reference picture and an inter-view reference picture
simultaneously.

Fig. 11 is a diagram illustrating the neighboring samples range for the current block and
CR, denoted as A and B, for a decoder to derive the estimated DV. A and B has the same shape.

Fig. 12 is a diagram illustrating the neighboring samples range for the current block and

CR, denoted as A and B, for a decoder to derive the estimated MV. A and B has the same shape.

DETAILED DESCRIPTION

The following description is of the best-contemplated mode of carrying out the invention.

This description is made for the purpose of illustrating the general principles of the invention
and should not be taken in a limiting sense. The scope of the invention is best determined by
reference to the appended claims.

Pseudo residues can be generated for an inter block referring to an inter-time reference
picture. Inter-time reference picture means that the reference picture and the current picture are
in the same view but have different POCs. Fig. 5 illustrates this method. View O denotes the
base view and view 1 denotes the dependent view. A block in a picture in view 1 is currently
coding.

1. First, an estimated DV for the current block referring to an inter-view reference is
derived. This inter-view reference denoted as Corresponding Picture (CP) is in the base view
and has the same POC as that of the current picture in view 1. A Corresponding Region (CR) in
CP for the current block in the current picture is located with the estimated DV. The
reconstructed image in the CR is noted as S.

2. Second, a pseudo reference picture (PRP) in the base view which has the same POC as
that of the reference picture for the current block is found. The same MV as that of the current
block is used on CR to locate the Pseudo Reference Region (PRR) in PRP, whose relative
displacement towards the current block is DV+MYV. The reconstructed image in the PRR is
noted as Q.

3. Third, the pseudo residues PR is calculated as PR = S-Q. The operation here is sample-
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wised, i.e., PR[j,i]=S[}j,1]-Q[j,i], where PR[j,i] is a sample in PR, S[j,i] is a sample in S, Q[j.i] is
a sample in Q, and [j,i] is a relative position in the region. In the following descriptions,
operations on a region are all sample-wised without specific explanation.

4. PR will be used as the pseudo residual prediction for the current block.

Pseudo residues can be generated for an inter block referring to an inter-view reference
picture. Inter-view reference picture means that the reference picture and the current picture
have the same POCs but are in different views. Fig. 6 illustrates this method. View 0 denotes
the base view and view 1 denotes the dependent view. A block in a picture in view 1 is
currently coding.

1. First, an estimated MV for the current block referring to an inter-time reference is
derived. This inter-time reference denoted as Corresponding Picture (CP) is in view 1. A
Corresponding Region (CR) in CP is located for the current block using the estimated MV, The
reconstructed image in the CR is noted as S.

2. Second, a pseudo reference picture (PRP) in the base view which has the same POC as
that of CP in view 1 is found. The same DV as that of the current block is used on CR to locate
the Pseudo Reference Region (PRR) in PRP, whose relative displacement towards the current
block is MV+DV. The reconstructed image in the PRR is noted as Q.

3. Third, the pseudo residue PR is obtained as PR = S-Q.

4. PR will be used as the pseudo residual prediction for the current block.

Some other forms of PR such as f{PR) can replace the original PR to obtain NR or NP,
where f can be any function. One example of f{iPR) is a*PR + b, where coefficients ¢ and b can
be transmitted explicitly from the encoder to decoder, or can be deduced implicitly in the same
way both on the encoder and the decoder.

Pseudo residues can be generated for an inter block referring to more than one references.
Take a block with bi-prediction as an example. In this block, two predictions, Py and P, refer to
reference picture Rp and R; from Listo and List; respectively, and (Po + P1)/2 is calculated as the
bi-prediction. PR, with x =0 or 1, can be obtained following the procedures described in
paragraphs [0029]-[0031] , depending on whether R, is an inter-time reference picture or an
inter-view reference picture. Then PR = (PRg + PR;)/2 or PR = (PR + PR+ 1)/2 is calculated
as the pseudo residues for this block.

Pseudo residues PR can be used to predict the original residues OR. The new residues NR
are calculated as NR=OR-PR. On the encoder, NR replaces OR in the following coding
processes such as transform, quantization and entropy coding, as depicted in Fig. 7. On the

decoder, the reconstructed NR noted as NR’ can be obtained after de-quantization and inverse-
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transform. Then the reconstructed samples Y are calculated as Y = NR’+ PR + P, where P
represents the predictions, as depicted in Fig. 8.

There are some other implementations to generate NR. One of them is as follows depicted
in Fig. 9. On the encoder, since OR = X-P, where X represents the original samples and P
represents the predictions, then NR = X-P-PR. The new predictions (NP) can be calculated as
NP=P+PR, therefore NR=X-NP. Before calculating NR, Values in NP can be clipped into the
value range [min_sample_value, max_sample_value], where min_sample_value and
max_sample_value represent the minimal value and the maximal value of original samples
respectively. On the decoder, NP is calculated and clipped as on the encoder. Then the
reconstructed samples Y are calculated as Y = NR’+NP, where NR’ is the reconstructed NR. In
addition, some other forms of NP such as f{NP) can replace the original NP to obtain NR and Y,
where f can be any function. This replacement can happen before or after the clipping process.
One example of fINP) is a*NP + b, where coefficients ¢ and & can be transmitted explicitly
from the encoder to decoder, or can be deduced implicitly in the same way both on the encoder
and the decoder.

A special case arises if an inter block refers to an inter-time reference picture and an inter-
view reference picture simultaneously as depicted in Fig. 10. In this case, the inter block has a
current DV as well as a current MV. Therefore, the current DV referring to an inter-view
reference and the current MV referring to an inter-time reference, instead of the estimated ones,
can be used in the pseudo residue generation procedures as described in paragraphs [0029]-
[0031]. For the inter-time prediction, PRPy and PRR; can be obtained with the current inter-
view reference and DV replacing the estimated ones. On the other hand, for the inter-view
prediction, PRP; and PRR; can be obtained with the current inter-time reference and MV
replacing the estimated ones. It is obvious that PRP, and PRP; are the same picture, since they
are both in the same base view as that of the current inter-view reference picture, and have the
same POC as that of the current inter-time reference picture. Moreover, PRRy and PRR; are the
same region, since their relative displacement towards the current block are DV+MYV and
MV+DYV respectively, which point to the same region indeed. So PRR is used to denote PRRy
and PRR; both.

In the above case, the new residues (NR) can be calculated in a special way. The original
samples of the current block are noted as X. The reconstructed samples in the inter-view
reference region are noted as P. The reconstructed samples in the inter-time reference region are
noted as Q. The reconstructed samples in the PRR are noted as S. The original residues are X-

(P+Q)/2. The pseudo residues are ((P-S)+(Q-S))/2. Hence, NR are calculated as X-(P+Q)/2-((P-
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S)+(Q-S))/2, which equals to X-P-Q+S. In a specific implement, the new predictions (NP) can
be calculated as NP=P+Q-S, therefore NR=X-NP on the encoder. Before calculating NR, values
in NP can be clipped into the value range [min_sample_value, max_sample_value], where
min_sample_value and max_sample_value represent the minimal value and the maximal value
of original samples respectively. On the decoder, NP is calculated and clipped as on the encoder.
Then the reconstructed samples Y are calculated as Y = NR’+NP, where NR’ is the
reconstructed NR.

There are several methods to obtain an estimated DV referring to an inter-view reference
picture.

1. Spatial neighboring blocks and temporal neighboring blocks of the current block are
checked one by one to determine whether they have a DV referring to an inter-view reference
picture. The first found DV from neighboring blocks is utilized as the estimated DV for the
current block.

2. Spatial neighboring blocks and temporal neighboring blocks of the current block are
checked one by one to determine whether they have a DV referring to an inter-view reference
picture. All or some of DVs from neighboring blocks is utilized as candidates of the estimated
DV for the current block. The encoder can transmit the index of the chosen candidate to the
decoder explicitly, or the decoder can derive the chosen candidate implicitly in the same way as
the encoder. The estimated index can be transmitted in Macro-block (MB), Coding Unit (CU)
or Prediction Unit (PU).

3. The encoder can transmit the estimated DV to the decoder explicitly. The estimated DV
can be transmitted in Macro-block (MB), Coding Unit (CU) or Prediction Unit (PU). The
‘estimated DV’ obtained in method 1 or method 2 above can be utilized as a prediction for the
real estimated DV. Then only the difference between the estimated DV and the prediction is
required to be transmitted.

4. The decoder can derive the estimated DV implicitly. The ‘estimated DV’ obtained in 1.
or 2. above can be utilized as a hint for the derivation of the real estimated DV.

One possible way for an encoder to choose the estimated DV is as follows. For an
estimated DV Candidate (EDVC) &, its CR is located as described in [0029]. Suppose S is the
original samples in the current block and R is the reconstructed samples in CR, then an
evaluating function £(S, R) can be calculated. For each EDVC, its E(S, R) is calculated, and the

EDVC with the minimum or maximum E(S, K) is chosen to be the estimated DV. For example,

the evaluating function E(S, R) can be a SAD function. SAD(S,R) = ZZ|SL ;—h;|> where s;;
7 i



10

15

20

25

30

WO 2014/075236 PCT/CN2012/084580

and r,; represent a sample on position (7, j) in 5 and R respectively. For each EDVC, its SAD(S,
R) is calculated, and the EDVC with the minimum SAD(S, R) is chosen to be the estimated DV,
For method 2 in [0037], EDVCs are obtained from neighboring blocks. For method 3 in [0037],
EDVCs can involve any range of DVs.

One possible way for a decoder to derive the estimated DV is as follows. For an EDVC £,
its CR is located as described in [0029]. As depicted in Fig. 11, the same neighboring samples
region are located for the current block and CR, denoted as A and B respectively. Any
neighboring reconstructed samples can be involved in this region, as long as A and B has the
same shape relative to the current block and CR respectively. Suppose § is the reconstructed
samples in A and R is the reconstructed samples in B, then an evaluating function E(S$, R) can
be calculated. For each EDVC, its E(S, K) is calculated, and the EDVC with the minimum or

maximum E(S, R) is chosen to be the estimated DV. For example, the evaluating function E(S,

R) can be a SAD function. SAD(S,R) = ZZ|SU -1, |, where s, ;and r;; represent a sample on
j i

position (i, j) in S and R respectively. For each EDVC, its SAD(S, R) is calculated, and the
EDVC with the minimum SAD(S, R) is chosen to be the estimated DV. For method 2 in [0037],
EDVCs are obtained from neighboring blocks. For method 3 in [0037], EDVCs can involve any
range of DVs. The ‘estimated DV’ obtained as in method 1- method 3 in [0037] can be utilized
to determine the range of EDVCs.

The vertical component of the estimated DV can be always zero. In this case, the vertical
component of the estimated DV need not to be transmitted in [0037] and vertical components of
all EDVCs are zero in [0038] and [0039].

There are several methods to determine the inter-view reference picture which is referred
by the estimated DV.

1. The inter-view reference picture referred can be determined by spatial neighboring
blocks and temporal neighboring blocks of the current block implicitly. An EDVC can refer to
the same inter-view reference picture as the neighboring block, where it comes from, refers to.
Hence, if this EDVC is chosen as the estimated DV, the inter-view reference picture referred is
also chosen.

2. The inter-view reference picture referred can be pre-specified. The encoder and the
decoder can accept the same default picture, or the encoder can transmit a piece of information
to the decoder about which inter-view reference is referred by the estimated DV. This
information can be in Sequence Parameter Set (SPS), View Parameter Set (VPS), Picture

Parameter Set (PPS), Slice header (SH), Macro-block (MB), Coding Unit (CU) or Prediction
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Unit (PU). If the appointed inter-view reference picture is different from the inter-view
reference picture referred by the neighboring block, the estimated DV or EDVC comes from
this block must be scaled to the appointed inter-view reference picture.

There are several methods to obtain an estimated MV referring to an inter-time reference
picture.

1. Spatial neighboring blocks and temporal neighboring blocks of the current block are
checked one by one to determine whether they have a MV referring to an inter-time reference
picture. The first found MV from neighboring blocks is utilized as the estimated MV for the
current block.

2. Spatial neighboring blocks and temporal neighboring blocks of the current block are
checked one by one to determine whether they have a MV referring to an inter-time reference
picture. All or some of MVs from neighboring blocks is utilized as candidates of the estimated
MYV for the current block. The encoder can transmit the index of the chosen candidate to the
decoder explicitly, or the decoder can derive the chosen candidate implicitly in the same way as
the encoder. The estimated index can be transmitted in Macro-block (MB), Coding Unit (CU)
or Prediction Unit (PU).

3. The encoder can transmit the estimated MV to the decoder explicitly. The estimated MV
can be transmitted in Macro-block (MB), Coding Unit (CU) or Prediction Unit (PU). The
‘estimated MV’ obtained in method 1 or method 2 above can be utilized as a prediction for the
real estimated MV. Then only the difference between the estimated MV and the prediction is
required to be transmitted.

4. The decoder can derive the estimated MV implicitly. The ‘estimated MV’ obtained in 1.
or 2. above can be utilized as a hint for the derivation of the real estimated MV,

One possible way for an encoder to choose the estimated MV is as follows. For an
estimated MV Candidate (EMVC) £, its CR is located as described in [0030]. Suppose § is the
original samples in the current block and R is the reconstructed samples in CR, then an
evaluating function E(S, R) can be calculated. For each EMVC, its E(S, R) is calculated, and the

EMVC with the minimum or maximum E(S, K) is chosen to be the estimated MV. For example,

the evaluating function E(S, R) can be a SAD function. SAD(S,R) = ZZ|SL ;—1;|> where s;;
7 i

and r;; represent a sample on position (7, j) in § and R respectively. For each EMVC, its SAD(S,
R) is calculated, and the EMVC with the minimum SAD(S, R) is chosen to be the estimated MV.
For method 2 in [0042], EMVCs are obtained from neighboring blocks. For method 3 in [0042],
EMVC:s can involve any range of MVs.
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One possible way for a decoder to derive the estimated MV is as follows. For an EMVC &,
its CR is located as described in [0030]. As depicted in Fig. 12, the same neighboring samples
region are located for the current block and CR, denoted as A and B respectively. Any
neighboring reconstructed samples can be involved in this region, as long as A and B has the
same shape relative to the current block and CR respectively. Suppose § is the reconstructed
samples in A and R is the reconstructed samples in B, then an evaluating function £($, R) can
be calculated. For each EMVC, its E(S, R) is calculated, and the EMVC with the minimum or

maximum F(5, R) is chosen to be the estimated MV. For example, the evaluating function F(S,

R) can be a SAD function. SAD(S,R) = ZZ|Sw‘ —1,;|» where s;;and r;; represent a sample on
i i

position (i, j) in § and R respectively. For each EMVC, its SAD(S, R) is calculated, and the
EMVC with the minimum SAD(S, R) is chosen to be the estimated MV. For method 2 in [0042],
EMVCs are obtained from neighboring blocks. For method 3 in [0042], EMVCs can involve
any range of MVs. The ‘estimated MV’ obtained as in method 1 -method 3 in [0042] can be
utilized to determine the range of EMVCs.

There are several methods to determine the inter-time reference picture which is referred
by the estimated MV.

1. The inter-time reference picture referred can be determined by spatial neighboring
blocks and temporal neighboring blocks of the current block implicitly. An EMVC can refer to
the same inter-time reference picture as the neighboring block, where it comes from, refers to.
Hence, if this EMVC is chosen as the estimated MV, the inter-time reference picture referred is
also chosen.

2. The inter-time reference picture referred can be pre-specified. The encoder and the
decoder can accept the same default picture, or the encoder can transmit a piece of information
to the decoder about which inter-time reference is referred by the estimated MV. This
information can be in Sequence Parameter Set (SPS), View Parameter Set (VPS), Picture
Parameter Set (PPS), Slice header (SH), Macro-block (MB), Coding Unit (CU) or Prediction
Unit (PU). If the appointed inter-time reference picture is different from the inter-time reference
picture referred by the neighboring block, the estimated MV or EMVC comes from this block
must be scaled to the appointed inter-time reference picture.

The DV or MV estimation methods proposed above can be used in the pseudo residual
prediction procedure as well as in other residual prediction procedure. For example, the
proposed DV estimation methods can replace the original DV estimation method in residual

prediction procedure described in [1] or [4].
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All the ‘samples’ discussed above can be sub-samples (at sub-pixels) as well as integer
samples (at integer pixels). Sub-samples can be obtained by interpolation. In addition,
‘samples’ can be chroma samples as well as luma samples.

In the description, regions, such as CR and PRR in [0029] and [0030], A and B in [0039]
and [0044], can be located at integer samples or sub-samples. If a region is located at sub-
samples, they can be rounded to the nearest integer-samples. Then these integer-samples can be
treated as samples from this region and be used in the following process.

The pseudo residual prediction method can be used or not used in a slice, a Macro-block
(MB), a Coding Unit (CU) or a Prediction Unit (PU). The encoder can transmit a piece of
information to the decoder to indicate whether the pseudo residual prediction method is used or
not used in a slice, a Macro-block (MB), a Coding Unit (CU) or a Prediction Unit (PU). In
another solution, the pseudo residual prediction method can be used only for Macro-blocks
(MBs), Coding Units (CUs) or Prediction Units (PUs) with some specific coding mode or
coding type. For example, the pseudo residual prediction method must be used for Macro-
blocks (MBs), Coding Units (CUs) or Prediction Units (PUs) with merge or skip mode and
must not be used in others. In another example, the pseudo residual prediction method must
used for Macro-blocks (MBs), Coding Units (CUs) or Prediction Units (PUs) which are coded
in merge skip mode and use inter-view motion prediction, and must not be used in others.

The pseudo residual prediction and DV or MV estimation methods described above can be
used in a video encoder as well as in a video decoder. Embodiments of pseudo residual
prediction methods according to the present invention as described above may be implemented
in various hardware, software codes, or a combination 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 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 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 format or style. The software code may also be compiled for different
target platform. However, different code formats, styles and languages of software codes and

other means of configuring code to perform the tasks in accordance with the invention will not
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depart from the spirit and scope of the invention.

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 restrictive. To the contrary, it is intended to cover various modifications and
similar arrangements (as would be apparent to those skilled in the art). Therefore, the scope of
the appended claims should be accorded the broadest interpretation so as to encompass all such

modifications and similar arrangements.
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CLAIMS

1. A method of residual prediction for multi-view video coding or 3D video coding,

wherein original residues in dependent views are predicted by pseudo residues.

2. A method as claimed in claim 1, wherein an estimated DV is utilized to derive the

residues or pseudo residues used to predict the original residues.

3. The method as claimed in claim 1, wherein the pseudo residues are constructed using
reconstructed samples, wherein the reconstructed samples are obtained after at least an in-loop

or out-loop post-processing.

4. The method as claimed in claim 3, wherein the method to construct the pseudo residues

for a block depends on the prediction method of this block.

5. The method as claimed in claim 4, wherein the pseudo residues are constructed as
follows if a block on the dependent view V1 is predicted by an inter-time reference R with a
motion vector MV. First, an estimated disparity vector DV referring to an inter-view reference
picture CP on the base view VO is obtained, and a region CR in CP is located, which has the
same size as the current block and has a displacement DV from the position of the current block.
Second, a reconstructed picture PRP on VO which has the same POC as that of R is found.
Third, a region PRR in PRP is located, which has the same size as the current block and has a
displacement DV+MV from the position of the current block. Suppose § represents
reconstructed samples in CR and Q represents reconstructed samples in PRR, then pseudo

residues PR for the current block are calculated as PR=5-0.

6. The method as claimed in claim 4, wherein the pseudo residues are constructed as
follows if a block on the dependent view V1 is predicted by an inter-view reference R on the
base view VO with a disparity vector DV. First, an estimated motion vector MV referring to an
inter-time reference picture CP on V1 is obtained, and a region CR in CP is located, which has
the same size as the current block and has a displacement MV from the position of the current
block. Second, a reconstructed picture PRP on V0 which has the same POC as that of CP is
found. Third, a region PRR in PRP is located, which has the same size as the current block and

has a displacement MV+DV from the position of the current block. Suppose § represents
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reconstructed samples in CR and Q represents reconstructed samples in PRR, then pseudo

residues PR for the current block are calculated as PR=S-0Q.

7. The method as claimed in claim 1, wherein the pseudo residues PR are used to predict
original residues OR in dependent views as follows. The new residues NR are calculated as
NR=OR-PR. On the encoder, NR replaces OR in the following coding processes such as
transform, quantization and entropy coding. On the decoder, the reconstructed NR noted as NR’
can be obtained after decoding processes such as de-quantization and inverse-transform. Then
the reconstructed samples Y are calculated as ¥ = NR’+ PR + P, where P represents the

predictions.

8. The method as claimed in claim 1, wherein the pseudo residues PR are used to predict
original residues OR in dependent views as follows. On the encoder, the new predictions (NP)
can be calculated as NP=P+PR, where P are the predictions for the current block. Before
calculating new residues NR, values in NP can be clipped into the wvalue range
[min_sample_value, max_sample_value], where min_sample_value and max_sample_value
represent the minimal value and the maximal value of original samples respectively. Then
NR=X-NP. NR replaces OR in the following coding processes such as transform, quantization
and entropy coding. On the decoder, NP is calculated and clipped as on the encoder. Then the
reconstructed samples Y are calculated as ¥ =NR’+NP, where VR’ is the reconstructed NR after

decoding processes such as de-quantization and inverse-transform.

9. The method as claimed in claim 2, wherein the estimated DV of a block is obtained by
utilizing DVs of its spatial and temporal neighboring blocks, and exploring original or

reconstructed samples in the current picture and pictures on the base-view.

10. The method as claimed in claim 9, wherein the estimated DV of a block is obtained by:
checking spatial neighboring blocks and temporal neighboring blocks of the current block to
determine whether they have a DV referring to an inter-view reference picture, utilizing at least
some of DVs from neighboring blocks as candidates of the estimated DV for the current block;
transmitting the index of the chosen candidate by an encoder to a decoder explicitly or the
decoder derives the index implicitly; wherein the index is transmitted in Macro-block (MB),

Coding Unit (CU) or Prediction Unit (PU).
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11. The method as claimed in claim 10, the estimated DV obtained is utilized as a
prediction for the real estimated DV; and the difference between the estimated DV and the

prediction is transmitted to the decoder.

12. The method as claimed in claim 9, wherein a decoder derives the estimated DV
implicitly, and the estimated DV obtained is utilized as a hint for the decoder to derive the real

estimated DV,

13. The method as claimed in claim 2, wherein the estimated MV of a block can be
obtained by utilizing MV of its spatial and temporal neighboring blocks, and exploring original

or reconstructed samples in the current picture and pictures on the current dependent view.

14, The method as claimed in claim 13, wherein the estimated MV of a block is be
obtained by: checking spatial neighboring blocks and temporal neighboring blocks of the
current block to determine whether they have a MV referring to an inter-time reference picture;
utilizing at least some of MVs from neighboring blocks as candidates of the estimated MV for
the current block; the encoder transmits the index of the chosen candidate to the decoder
explicitly; and the estimated index is transmitted in Macro-block (MB), Coding Unit (CU) or

Prediction Unit (PU); the decoder can derive the chosen candidate implicitly.

15. The method as claimed in claim 14, wherein the encoder transmits the estimated MV
to the decoder explicitly; the estimated MV 1is transmitted in Macro-block (MB), Coding Unit
(CU) or Prediction Unit (PU); the estimated MV is utilized as a prediction for the real estimated

MV the difference between the estimated MV and the prediction is transmitted to the decoder.

16. The method as claimed in claim 14, wherein the decoder can derive the estimated MV
implicitly; and the estimated MV is utilized as a hint for the decoder to derive the real estimated

MV.

17. The method as claimed in claim 1, wherein the pseudo residual prediction method is
applied in a slice, a Macro-block (MB), a Coding Unit (CU) or a Prediction Unit (PU); an
encoder transmits a piece of information to a decoder to indicate whether the pseudo residual
prediction method is used or not used in a slice, a Macro-block (MB), a Coding Unit (CU) or a
Prediction Unit (PU).
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18. The method as claimed in claim 1, the pseudo residual prediction method is used only
for Macro-blocks (MBs), Coding Units (CUs) or Prediction Units (Pus) with some specific
coding mode or coding type, and there is no residual prediction on/off flag signaling in the
bitstream. i.e., the on/off control for residual prediction is implicitly depending on the specific

coding modes.

19. The method as claimed in claim 18, wherein the pseudo residual prediction method is
used in Macro-blocks (MBs), Coding Units (CUs) or Prediction Units (PUs) with merge/skip

mode and uses inter-view merging candidate in temporal direction, and is not used in others.

20. The method as claimed in claim 18, wherein the pseudo residual prediction method is
used in Macro-blocks (MBs), Coding Units (CUs) or Prediction Units (PUs) which are coded in
merge/skip mode and use inter-view merging candidate in temporal direction and 2Nx2N

partition, and is not used in other.
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