[DESCRIPTION]
[Title]

IMAGE PROCESSING DEVICE AND METHOD
[Technical Field]

[0001]

The present technology relates to image processing
device and method, in particular, to image processing
device and method that achieve a reduction in a buffer
size.

[Background Art]
[0002]

The VVC standard that is a next-generation codec
has been developed as a successor to AVC/H.264 and
HEVC/H.265.

[0003]

In the VVC standard in which large CUs (Coding
Units) up to 128x128 are employed, the concept of VPDUs
(Virtual Pipeline Data Units) has also been introduced in
consideration of increases in circuit scale and power
consumption in HW decoder implementation, in particular.
[0004]

The VPDU size is a buffer size that allows smooth
processing on each pipeline stage. The VPDU size is often
set to the maximum size of TUs (Transform Units).

[0005]



In VVC, the maximum TU size is 64x64, and the same
is assumed to hold true for VPDUs. In VVC, one CU
corresponds to one PU, and hence inter prediction
processing is required to be performed on PUs larger than
VPDUs. Even in this case, the PU can be partitioned into
virtual vPUs (virtual PUs) to be processed. VVC is
consistent with VPDUs and has been able to be implemented
with reasonable HW resources until BIO (Bi-directional
optical flow) described later has been employed.

[0006]

The optical flow method is an image processing
method for detecting the motion of an object in a moving
image, to thereby estimate a direction in which the
object is to move in a certain period of time. Codec
inter prediction employing the optical flow method as an
option enhances the encoding efficiency. The term "BIO"
is based on the fact that the optical flow method is used
in Bi prediction (bidirectional prediction) in which
temporally continuous frames are referred to in units of
frames (see NPL 1).

[0007]

In normal Bi prediction, difference MVs (MVDs) are
encoded since there are differences between optimal MVs
and predicted MVs (PMVs). 1In Bi prediction employing BIO,

on the other hand, a result equivalent to that in normal



Bi prediction is obtained as follows: a gradient (G) and
a velocity (V) are obtained by the optical flow method
for prediction blocks generated with predicted MVs
(PMVs). 1In such a case, the encoding of difference MVs
(MVDs) can be unnecessary or eliminated so that the
encoding efficiency is enhanced (see NPL 2).

[0008]

Meanwhile, the calculation costs of the gradient
(G) and the wvelocity (V), which are obtained in BIO, are
very high. Thus, a reduction is particularly required in
terms of cost-effectiveness in a case where, as a result
of the calculation of the gradient (G) and the velocity
(V), there is almost no difference from prediction values
obtained by normal Bi prediction due to small absolute
values, for example.

[0009]

Various reduction methods in terms of BIO have been
proposed. In one of the reduction methods, the SAD (Sum
of Absolute Difference) of an LO prediction block and an
L1 prediction block is calculated when the blocks are
generated, and BIO is not applied and normal Bi
prediction is executed in a case where the SAD value
falls below a certain threshold.

[0010]

This is based on a tendency that the velocity (V)



is small and BIO is thus not very effective when the SAD
value is small, and achieves early termination, that is,
eliminates the high cost calculation in a case where the
effect is not expected.
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[Summary]

[Technical Problem]



[0012]

In a case where the reduction method in terms of
BIO described above is applied, the SAD of LO and L1
prediction blocks is calculated for an entire PU to be
compared to the threshold, thereby determining whether or
not to apply BIO processing, and the processing then
branches. Thus, it is difficult to virtually partition,
in a case where inter prediction is performed on PUs
larger than VPDUs, the PU into a plurality of vPUs.
[0013]

In this case, as a buffer necessary for gradient
calculation or velocity calculation, a region slightly
larger than the PU is required, with the result that a
BIO-included inter prediction processing unit requires a
large buffer resource.

[0014]

The present technology has been made in view of
such circumstances, and achieves a reduction in a buffer
size.

[Solution to Problem]
[0015]

According to an aspect of the present technology,
there is provided an image processing device including a
control unit configured to partition a unit of processing

into partitioned processing units each of which



corresponds to a VPDU size or is equal to or smaller than
the VPDU size, the unit of processing being used for
calculation of a cost that is used for determining
whether or not to perform bidirectional prediction; and a
determination unit configured to make the determination
by using the cost calculated based on the partitioned
processing units.

[0016]

According to an aspect of the present technology, a
unit of processing is partitioned into partitioned
processing units each of which corresponds to a VPDU size
or is equal to or smaller than the VPDU size, the unit of
processing being used for calculation of a cost that is
used for determining whether or not to perform
bidirectional prediction, and the determination is made
by using the cost calculated based on the partitioned
processing units.

[Brief Description of Drawings]
[0017]
[FIG. 1]

FIG. 1 is a diagram illustrating an example in
which a pipeline is structured without the introduction
of VPDUs.

[FIG. 2]

FIG. 2 is a flowchart illustrating Bi prediction



that is one of inter PU processing in the case of FIG. 1.
[FIG. 3]

FIG. 3 is a diagram illustrating an example in
which a pipeline is efficiently structured with the
introduction of VPDUs.

[FIG. 4]

FIG. 4 is a flowchart illustrating Bi prediction
that is one of inter PU processing in the case of FIG. 3.
[FIG. 5]

FIG. 5 is a diagram illustrating exemplary normal
Bi prediction.

[FIG. 6]

FIG. 6 is a diagram illustrating exemplary Bi
prediction employing BIO.
[FIG. 7]

FIG. 7 is a diagram illustrating exemplary 2-block
partition in normal Bi prediction.
[FIG. 8]

FIG. 8 is a diagram illustrating exemplary 2-block
partition in Bi prediction employing BIO.
[FIG. 9]

FIG. 9 is a block diagram illustrating a
configuration example of an encoding device according to
an embodiment of the present technology.

[FIG. 10]



FIG. 10 is a flowchart illustrating details of
encoding processing by the encoding device.
[FIG. 11]

FIG. 11 is a flowchart illustrating the details of
the encoding processing by the encoding device, which is
a continuation of FIG. 10.

[FIG. 12]

FIG. 12 is a block diagram illustrating a
configuration example of an embodiment of a decoding
device to which the present disclosure is applied.

[FIG. 13]

FIG. 13 is a flowchart illustrating details of
decoding processing by the decoding device.
[FIG. 14]

FIG. 14 is a block diagram illustrating a
configuration example of an inter prediction unit.
[FIG. 15]

FIG. 15 is a flowchart illustrating related-art
BIO-included Bi prediction.

[FIG. 16]

FIG. 16 is a flowchart illustrating the related-art
BIO-included Bi prediction, which is a continuation of
FIG. 15.

[FIG. 17]

FIG. 17 is a flowchart illustrating BIO-included Bi



prediction according to a first embodiment of the present
technology.
[FIG. 18]

FIG. 18 is a flowchart illustrating the BIO-
included Bi prediction according to the first embodiment
of the present technology, which is a continuation of
FIG. 17.

[FIG. 19]

FIG. 19 is a diagram illustrating correspondences
between PU size, vPU number, and processing position and
size.

[FIG. 20]

FIG. 20 is a diagram illustrating comparisons
between related-art operation and operation according to
the first embodiment of the present technology.

[FIG. 21]

FIG. 21 is a diagram illustrating comparisons
between the related-art operation and the operation
according to the first embodiment of the present
technology.

[FIG. 22]

FIG. 22 is a diagram illustrating an example in
which in a case where PUs are larger than VPDUs, a BIO
determination result for a vPU number of 0 is also used

for another vPU.
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[FIG. 23]

FIG. 23 is a diagram illustrating an example in
which in a case where PUs are larger than VPDUs, a BIO
determination result for the vPU number of 0 is also used
for the other vPU.

[FIG. 24]

FIG. 24 is a flowchart illustrating BIO-included Bi
prediction in the cases of FIG. 22 and FIG. 23.

[FIG. 25]

FIG. 25 is a flowchart illustrating the BIO-
included Bi prediction in the cases of FIG. 22 and FIG.
23, which is a continuation of FIG. 24.

[FIG. 26]

FIG. 26 is a diagram illustrating an example in
which whether to apply BIO is determined with a partial
SAD value in each vPU.

[FIG. 27]

FIG. 27 is another diagram illustrating an example
in which whether to apply BIO is determined with a
partial SAD value in each vPU.

[FIG. 28]

FIG. 28 is a flowchart illustrating the processing
of determining a partial SAD calculation region for
determining BIO vPU ON in each vPU.

[FIG. 29]
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FIG. 29 is a flowchart illustrating the processing
of determining a partial SAD calculation region for
determining BIO vPU ON in each vPU, which is a
continuation of FIG. 28.

[FIG. 30]

FIG. 30 is a flowchart illustrating, as an
operation example according to a second embodiment of the
present technology, BIO-included Bi prediction that is
performed by an inter prediction unit 51.

[FIG. 31]

FIG. 31 is a flowchart illustrating, as the
operation example according to the second embodiment of
the present technology, the BIO-included Bi prediction
that is performed by the inter prediction unit 51, which
is a continuation of FIG. 30.

[FIG. 32]

FIG. 32 is a diagram illustrating correspondence
between BIO MAX SAD BLOCK SIZE and sPU.
[FIG. 33]

FIG. 33 is a flowchart illustrating, as an
operation example according to a third embodiment of the
present technology, BIO-included Bi prediction that is
performed by the inter prediction unit 51.

[FIG. 34]

FIG. 34 is a flowchart illustrating, as the
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operation example according to the third embodiment of
the present technology, the BIO-included Bi prediction
that is performed by the inter prediction unit 51, which
is a continuation of FIG. 33.

[FIG. 35]

FIG. 35 is a diagram illustrating exemplary regions
for calculating SADs in each PU in a case where
BIO MAX SAD BLOCK SIZE is 2.

[FIG. 36]

FIG. 36 is another diagram illustrating exemplary
regions for calculating SADs in each PU in the case where
BIO MAX SAD BLOCK SIZE is 2.

[FIG. 37]

FIG. 37 is a flowchart illustrating, as an
operation example according to a fourth embodiment of the
present technology, BIO-included Bi prediction that is
performed by the inter prediction unit 51.

[FIG. 38]

FIG. 38 is a flowchart illustrating, as the
operation example according to the fourth embodiment of
the present technology, the BIO-included Bi prediction
that is performed by the inter prediction unit 51, which
is a continuation of FIG. 37.

[FIG. 39]

FIG. 39 is a flowchart illustrating, as an
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operation example according to a fifth embodiment of the
present technology, BIO-included Bi prediction that is
performed by the inter prediction unit 51.

[FIG. 40]

FIG. 40 is a flowchart illustrating, as the
operation example according to the fifth embodiment of
the present technology, the BIO-included Bi prediction
that is performed by the inter prediction unit 51, which
is a continuation of FIG. 39.

[FIG. 41]

FIG. 41 is a block diagram illustrating a
configuration example of a computer.
[Description of Embodiments]

[0018]

Now, modes for carrying out the present technology
are described. The following items are described in
order.

0. Outline

1. First Embodiment (Exemplary Partition with vPUs)

2. Second Embodiment (Exemplary Operation Sharing
with Flags)

3. Third Embodiment (Exemplary Partition with sPUs)

4. Fourth Embodiment (Example in which Use of BIO
Is Prohibited)

5. Fifth Embodiment (Example in which BIO Is Always
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Applied)

6. Sixth Embodiment (Computer)
[0019]
<0. Outline>
[0020]

The VVC standard that is a next-generation codec
has been developed as a successor to AVC/H.264 and
HEVC/H.265.

[0021]

In the VVC standard in which large CUs (Coding
Units) up to 128x128 are employed, the concept of VPDUs
(Virtual Pipeline Data Units) has also been introduced in
consideration of increases in circuit scale and power
consumption in HW decoder implementation, in particular.
[0022]

The VPDU size i1s a buffer size that allows smooth
processing on each pipeline stage. The VPDU size is often
set to the maximum size of TUs (Transform Units).

[0023]

In VVC, the maximum TU size is 64x64, and the same
is assumed to hold true for VPDUs. In VVC, one CU
corresponds to one PU, and hence inter prediction
processing is required to be performed on PUs larger than
VPDUs. Even in this case, the PU can be partitioned into

virtual vPUs (virtual PUs) to be processed. VVC is
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consistent with VPDUs and has been able to be implemented
with reasonable HW resources since only small buffers are
used as illustrated in FIG. 1 to FIG. 4 until BIO (Bi-
directional optical flow) described later has been
employed.

[0024]

<Exemplary Pipeline without Introduction of VPDUs>

FIG. 1 is a diagram illustrating an example in
which a pipeline is structured without the introduction
of VPDUs.

[0025]

In the upper part of FIG. 1, the blocks of a CU, an
inter PU, and a TU are illustrated.
[0026]

The maximum CU size is 128x128. The maximum inter
PU size is 128x128. 1In VVC, one CU corresponds to one PU.
The TU includes a TUO to a TU3, the maximum size of each
TU is 64x64. The TU size is the VPDU size.

[0027]

As illustrated in the upper part of FIG. 1, the CU
is obtained by adding the inter PU generated by inter PU
processing and the TU obtained by TU processing together.
[0028]

In the lower part of FIG. 1, the pipeline including

inter PU processing, TU processing, and local decoding
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processing is illustrated.
[0029]

In the pipeline, the inter PU processing and the
processing on the TUO to the TU3 are performed in
parallel, and the local decoding processing on the CU
starts when both the processing processes are complete.
Thus, the inter PU processing requires a buffer of
128x128, and the TU processing requires a buffer of
128x128 to meet the PU.

[0030]

FIG. 2 is a flowchart illustrating Bi prediction

(bidirectional prediction) that is one of the inter PU

processing in the case of FIG. 1.

[0031]

In Step S1, inter prediction parameters are
acquired.
[0032]

In Step S2, an LO prediction block is generated.
[0033]

In Step S3, an L1 prediction block is generated.
[0034]

In Step S4, a Bi prediction block PU is generated
from the LO prediction block and the L1 prediction block.

[0035]

Note that, in Steps S2 to S4, the PU size is
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required as the maximum buffer size.
[0036]
<Exemplary Pipeline with Introduction of VPDUs>

FIG. 3 is a diagram illustrating an example in
which a pipeline is efficiently structured with the
introduction of VPDUs.

[0037]

Note that, in FIG. 3, points common to those in the
description of FIG. 1 are appropriately omitted.
[0038]

In the upper part of FIG. 3, the blocks of a CU, an
inter PU, and a TU are illustrated. The CU includes,
unlike FIG. 1, divisions CU(0) to CU(3) since the PU is
virtually partitioned into vPUs to be processed. The PU
includes virtual vPU(0) to vPU(3).

[0039]

In the lower part of FIG. 3, the pipeline including
inter PU processing, TU processing, and local decoding
processing is illustrated.

[0040]

In the pipeline, the processing on the vPU(0) to
the vPU(3) in the inter PU and the processing on the TUO
to the TU3 are performed in parallel. Thus, when the
processing on the vPU(0) and the processing on the TUO

are complete, the local decoding processing on the CU(0)
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starts. When the processing on the vPU(1l) and the
processing on the TUl are complete, the local decoding
processing on the CU(l) starts. When the processing on
the vPU(2) and the processing on the TU2 are complete,
the local decoding processing on the CU(2) starts. When
the processing on the vPU(3) and the processing on the
TU3 are complete, the local decoding processing on the
CU(3) starts.

[0041]

With the pipeline structured in such a way, a
buffer of 64x64 is enough in the inter PU processing, and
in the TU processing, a buffer having a size of 64x64 is
enough to meet the vPU.

[0042]

FIG. 4 is a flowchart illustrating Bi prediction
that is one of the inter PU processing in the case of
FIG. 3.

[0043]

In Step S11, inter prediction parameters are
acquired.
[0044]

In Step S12, the number of vPUs included in the PU
is acquired.
[0045]

In Step S13, 0 is set to the vPU number.
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[0046]

In Step S14, it is determined whether or not the
vPU number is smaller than the number of vPUs. In a case
where it is determined in Step S14 that the vPU number is
smaller than the number of vPUs, the processing proceeds
to Step S15.

[0047]

In Step S15, the position and size of the vPU in
the PU are acquired from the vPU number.
[0048]

In Step S16, an LO prediction block in the vPU
region 1is generated.
[0049]

In Step S17, an L1 prediction block in the vPU
region is generated.
[0050]

In Step S18, a Bi prediction block vPU is generated
from the LO prediction block and the L1 prediction block.
[0051]

In Step S19, the vPU number is incremented. After
that, the processing returns to Step S14, and the later
processing is repeated.

[0052]
Further, in a case where it is determined in Step

S14 that the vPU number is equal to or larger than the
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number of vPUs, the Bi prediction ends.
[0053]

Note that, in Steps S16 to S17, the VPDU size
smaller than the PU size 1is enough for the maximum buffer
size.

[0054]

The optical flow method is an image processing
method for detecting the motion of an object in a moving
image, to thereby estimate a direction in which the
object is to move in a certain period of time. Codec
inter prediction employing the optical flow method as an
option enhances the encoding efficiency. The term "BIO"
is based on the fact that the optical flow method is used
in Bi prediction in which temporally continuous frames
are referred to in units of frames.

[0055]
<Exemplary Normal Bi Prediction>

FIG. 5 is a diagram illustrating exemplary normal
Bi prediction.

[0056]

In FIG. 5, the arrow extending from the left to the
right represents time in the display order. Further, FIG.
5 illustrates an example in which optimal MVs on a
reference plane 0 in an LO direction and a reference

plane 1 in an L1 direction are obtained for the Bi
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prediction value of a Bi prediction block on a picture B.
The same holds true for the following figures.
[0057]

The Bi prediction value corresponds to a pixel LO
of an LO prediction block on the reference plane 0 and a
pixel L1 of an L1 prediction block on the reference plane
1, and the Bi prediction value is thus obtained from
(LO+L1) /2.

[0058]

As illustrated in FIG. 5, in the normal Bi
prediction, optimal MVs (MV_LO and MV L1l) are different
from predicted MVs (MVP LO and MVP Ll1), and hence the
encoding of difference MVs (MVD LO and MVD Ll1) is
necessary.

[0059]
<Exemplary Bi Prediction Employing BIO>

FIG. 6 is a diagram illustrating exemplary Bi
prediction employing BIO.
[0060]

FIG. 6 illustrates, as the Bi prediction employing
BIO, an example in which a gradient (G) and a velocity
(V) are obtained by the optical flow method for
prediction blocks generated with the predicted MVs
(MVP_LO and MVP L1). The gradient (G) and the velocity

(V) are obtained by the optical flow method for the
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prediction blocks so that a result equivalent to that in
the normal Bi prediction is obtained.
[0061]

In the case of the Bi prediction employing BIO, the
predicted MVs (MVP LO and MVP Ll1) are directly used as
the MVs (MV_LO and MV L1), and hence the encoding of the
difference MVs (MVD LO and MVD Ll) is unnecessary, which
means that the encoding efficiency is enhanced.

[0062]

The Bi prediction value almost corresponds to a
pixel LO' of the LO prediction block on the reference
plane 0 and a pixel L1' of the L1 prediction block on the
reference plane 1, and the Bi prediction value is thus
obtained from (LO'+L1'+B)/2. That is, the gradients (G:
Gx and Gy) and the velocities (V: Vx and Vy) are required
to be calculated from the LO prediction block and the L1
prediction block, thereby obtaining a correction value
B=VxX*Gx+Vy*Gy.

[0063]
<Exemplary 2-block Partition in Bi Prediction>

FIG. 7 is a diagram illustrating exemplary two-

block partition in the normal Bi prediction.
[0064]
In the normal Bi prediction, there are two blocks

so that, as illustrated in FIG. 7, block partition
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information regarding the two blocks and two difference
MVs (MVDs) are obtained. Thus, the encoding of the block
partition information regarding the two blocks and the
two difference MVs (MVDs) is necessary.

[0065]

<Exemplary 2-Block Partition in Bi Prediction Employing
BIO>

FIG. 8 is a diagram illustrating exemplary 2-block
partition in the Bi prediction employing BIO.
[0066]

In the Bi prediction employing BIO, even when there
are two blocks, as illustrated in FIG. 8, the gradient
(G) and the velocity (V) are obtained by the optical flow
method without partitioning the blocks so that a result
equivalent to that in the normal Bi prediction is
obtained.

[0067]

As described above, in the Bi prediction employing
BIO of FIG. 8, the encoding of block partition
information, which is necessary in the Bi prediction of
FIG. 7, can be unnecessary or eliminated, and the
encoding of difference MVs (MVDs), which is necessary in
the Bi prediction of FIG. 7, can be unnecessary or
eliminated, with the result that the encoding efficiency

can be enhanced.
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[0068]

Meanwhile, the calculation costs of the gradient
(G) and the velocity (V), which are obtained in BIO, is
very high. Thus, a reduction is particularly required in
terms of cost-effectiveness in a case where, as a result
of the calculation of the gradient (G) and the velocity
(V), there is almost no difference from prediction values
obtained by normal Bi prediction due to small absolute
values, for example.

[0069]

Various reduction methods in terms of BIO have been
proposed. In one of the reduction methods, the SAD (Sum
of Absolute Difference) of an LO prediction block and an
L1l prediction block is calculated when the blocks are
generated, and BIO is not applied and normal Bi
prediction is executed in a case where the SAD value
falls below a certain threshold.

[0070]

This is based on a tendency that the velocity (V)
is small and BIO is thus not very effective when the SAD
value is small, and achieves early termination, that is,
eliminates the high cost calculation in a case where the
effect is not expected.

[0071]

In a case where the reduction method in terms of
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BIO described above is applied, the SAD of LO and L1
prediction blocks is calculated for an entire PU to be
compared to the threshold, thereby determining whether or
not to apply BIO processing, and the processing then
branches. Thus, it is difficult to virtually partition,
in a case where inter prediction is performed on PUs
larger than VPDUs, the PU into a plurality of vPUs.
[0072]

In this case, as a buffer necessary for gradient
calculation or velocity calculation, a region slightly
larger than the PU is required, with the result that a
BIO-included inter prediction processing unit requires a
large buffer resource.

[0073]

Further, in a case where the reduction in terms of
BIO is implemented by HW, due to a large difference
between the pipeline delay of BIO-included inter
prediction and the pipeline delay of TU processing, HW
implementation that maintains throughput is difficult to
achieve.

[0074]

Accordingly, in the present technology, a unit of
processing in calculation of a cost that is used for
determining whether or not to perform bidirectional

prediction such as BIO (for example, PU) is partitioned
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into partitioned processing units each of which
corresponds to the VPDU size (for example, vPU) or is
equal to or smaller than the VPDU size (for example, sPU
described later), and the determination is made by using
the cost calculated on the basis of the partitioned
processing units. Note that, the size corresponding to
the VPDU size means a size slightly larger than the VPDU
size.

[0075]

Note that, herein, with regard to block size, "A is
larger than B" means "the horizontal size of A is larger
than the horizontal size of B" or "the vertical size of A
is larger than the vertical size of B."

[0076]

Further, with regard to block size, "A is equal to
or smaller than B" means "the horizontal size of A is
equal to or smaller than the horizontal size of B and the
vertical size of A is equal to or smaller than the
vertical size of B."

[0077]

Now, the present technology is described in detail.
[0078]
<l. First Embodiment (Exemplary Partition with vPUs)>
<Configuration Example of Encoding Device>

[0079]
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FIG. 9 is a block diagram illustrating a
configuration example of an encoding device according to
an embodiment of the present technology.

[0080]

An encoding device 1 of FIG. 9 includes an A/D
conversion unit 31, a screen rearrangement buffer 32, a
calculation unit 33, an orthogonal transform unit 34, a
quantization unit 35, a lossless encoding unit 36, an
accumulation buffer 37, an inverse quantization unit 38,
an inverse orthogonal transform unit 39, and an addition
unit 40. Further, the encoding device 1 includes a
deblocking filter 41, an adaptive offset filter 42, an
adaptive loop filter 43, a frame memory 44, a switch 45,
an intra prediction unit 46, a motion
prediction/compensation unit 47, a predicted image
selection unit 48, and a rate control unit 49.

[0081]

The A/D conversion unit 31 performs A/D conversion
on images in units of frames input to be encoded. The A/D
conversion unit 31 outputs the images that are now the
digital signals after the conversion to the screen
rearrangement buffer 32 and stores the digital signals
therein.

[0082]

The screen rearrangement buffer 32 rearranges
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images in units of frames stored in a display order into
an encoding order on the basis of the GOP structure. The
screen rearrangement buffer 32 outputs the rearranged
images to the calculation unit 33, the intra prediction
unit 46, and the motion prediction/compensation unit 47.
[0083]

The calculation unit 33 subtracts predicted images
supplied from the predicted image selection unit 48 from
images supplied from the screen rearrangement buffer 32,
to thereby perform encoding. The calculation unit 33
outputs the images obtained as a result of the
subtraction as residual information (difference) to the
orthogonal transform unit 34. Note that, in a case where
no predicted image is supplied from the predicted image
selection unit 48, the calculation unit 33 directly
outputs images read out from the screen rearrangement
buffer 32 as residual information to the orthogonal
transform unit 34.

[0084]

The orthogonal transform unit 34 performs
orthogonal transform processing on residual information
from the calculation unit 33. The orthogonal transform
unit 34 outputs the images obtained as a result of the
orthogonal transform processing to the quantization unit

35.
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[0085]

The quantization unit 35 quantizes images obtained
as a result of orthogonal transform processing supplied
from the orthogonal transform unit 34. The quantization
unit 35 outputs the quantized values obtained as a result
of the quantization to the lossless encoding unit 36.
[0086]

The lossless encoding unit 36 acquires intra
prediction mode information that is information
indicating an optimal intra prediction mode from the
intra prediction unit 46. Further, the lossless encoding
unit 36 acquires inter prediction mode information that
is information indicating an optimal inter prediction
mode and inter prediction parameters such as motion
information and reference image information from the
motion prediction/compensation unit 47.

[0087]

Further, the lossless encoding unit 36 acquires
offset filter information associated with an offset
filter from the adaptive offset filter 42 and acquires
filter coefficients from the adaptive loop filter 43.
[0088]

The lossless encoding unit 36 performs, on
quantized values supplied from the quantization unit 35,

lossless encoding such as variable-length coding (for
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example, CAVLC (Context-Adaptive Variable Length Coding))
or arithmetic coding (for example, CABAC (Context-
Adaptive Binary Arithmetic Coding)).

[0089]

Further, the lossless encoding unit 36 losslessly
encodes, as encoding information associated with
encoding, the intra prediction mode information or the
inter prediction mode information, the inter prediction
parameters, the offset filter information, or the filter
coefficients. The lossless encoding unit 36 outputs the
lossless-encoded encoding information and quantized
values as encoded data to the accumulation buffer 37 and
accumulates the information and the quantized values
therein.

[0090]

The accumulation buffer 37 temporarily stores
encoded data supplied from the lossless encoding unit 36.
Further, the accumulation buffer 37 outputs the stored
encoded data as encoded streams to the subsequent stage.
[0091]

Further, the quantized values output from the
quantization unit 35 are also input to the inverse
quantization unit 38. The inverse quantization unit 38
inversely quantizes the quantized wvalues, and outputs the

orthogonal transform processing results obtained as a
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result of the inverse quantization to the inverse
orthogonal transform unit 39.
[0092]

The inverse orthogonal transform unit 39 performs
inverse orthogonal transform processing on orthogonal
transform processing results supplied from the inverse
quantization unit 38. Examples of the inverse orthogonal
transform include IDCT (inverse discrete cosine
transform) and IDST (inverse discrete sine transform).
The inverse orthogonal transform unit 39 outputs the
residual information obtained as a result of the inverse
orthogonal transform processing to the addition unit 40.
[0093]

The addition unit 40 adds residual information
supplied from the inverse orthogonal transform unit 39
and predicted images supplied from the predicted image
selection unit 48 together, to thereby perform decoding.
The addition unit 40 outputs the decoded images to the
deblocking filter 41 and the frame memory 44.

[0094]

The deblocking filter 41 performs deblocking filter
processing of eliminating block deformation on decoded
images supplied from the addition unit 40. The deblocking
filter 41 outputs the images obtained as a result of the

deblocking filter processing to the adaptive offset
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filter 42.
[0095]

The adaptive offset filter 42 performs adaptive
offset filter (SAO (Sample adaptive offset)) processing
of mainly eliminating ringing on images obtained as a
result of deblocking filter processing by the deblocking
filter 41.

[0096]

The adaptive offset filter 42 outputs the images
obtained as a result of the adaptive offset filter
processing to the adaptive loop filter 43. Further, the
adaptive offset filter 42 supplies, as offset filter
information, information indicating the types of the
adaptive offset filter processing and the offsets to the
lossless encoding unit 36.

[0097]

The adaptive loop filter 43 includes a two-
dimensional Wiener filter, for example. The adaptive loop
filter 43 performs adaptive loop filter (ALF) processing
on images obtained as a result of adaptive offset filter
processing.

[0098]

The adaptive loop filter 43 outputs the images

obtained as a result of the adaptive loop filter

processing to the frame memory 44. Further, the adaptive
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loop filter 43 outputs the filter coefficients used in
the adaptive loop filter processing to the lossless
encoding unit 36.

[0099]

The frame memory 44 accumulates images supplied
from the adaptive loop filter 43 and images supplied from
the addition unit 40. Of the images accumulated in the
frame memory 44 without being subjected to the filter
processing, images neighboring the CUs are output as
peripheral images to the intra prediction unit 46 through
the switch 45. Meanwhile, the images subjected to the
filter processing to be accumulated in the frame memory
44 are output as reference images to the motion
prediction/compensation unit 47 through the switch 45.
[0100]

The intra prediction unit 46 performs intra
prediction processing in all candidate intra prediction
modes in units of PUs by using peripheral images read out
from the frame memory 44 through the switch 45.

[0101]

Further, the intra prediction unit 46 calculates RD
costs in all the candidate intra prediction modes on the
basis of images read out from the screen rearrangement
buffer 32 and predicted images generated by the intra

prediction processing. The intra prediction unit 46
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determines an intra prediction mode having the calculated
RD cost that is minimum as an optimal intra prediction
mode.

[0102]

The intra prediction unit 46 outputs the predicted
image generated in the optimal intra prediction mode to
the predicted image selection unit 48. The intra
prediction unit 46 outputs, when being notified that the
predicted image generated in the optimal intra prediction
mode has been selected, the intra prediction mode
information to the lossless encoding unit 36. Note that,
the intra prediction mode is a mode indicating PU sizes,
prediction directions, and the like.

[0103]

The motion prediction/compensation unit 47 performs
motion prediction/compensation processing in all
candidate inter prediction modes. The motion
prediction/compensation unit 47 includes an inter
prediction unit 51 configured to compensate for predicted
motions to generate predicted images.

[0104]

The motion prediction/compensation unit 47 detects
motion information (motion vectors) in all the candidate
inter prediction modes on the basis of images supplied

from the screen rearrangement buffer 32 and reference



35

images read out from the frame memory 44 through the
switch 45.
[0105]

The motion prediction/compensation unit 47
supplies, to the inter prediction unit 51, PU positions
in frames, PU sizes, prediction directions, reference
image information, motion information, and the like that
correspond to the detected motion information as inter
prediction parameters.

[0106]

The inter prediction unit 51 generates predicted
images by BIO processing-included Bi prediction, for
example, by using inter prediction parameters supplied
from the motion prediction/compensation unit 47.

[0107]

The motion prediction/compensation unit 47
calculates RD costs in all the candidate inter prediction
modes on the basis of images supplied from the screen
rearrangement buffer 32 and predicted images generated by
the inter prediction unit 51. The motion
prediction/compensation unit 47 determines an inter
prediction mode having the minimum RD cost as an optimal
inter prediction mode.

[0108]

The RD cost and the predicted image in the
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determined optimal inter prediction mode are output to
the predicted image selection unit 48. The inter
prediction parameters in the determined optimal inter
prediction mode are output to the lossless encoding unit
36.

[0109]

The predicted image selection unit 48 determines,
as an optimal prediction mode, one of an optimal intra
prediction mode supplied from the intra prediction unit
46 and an optimal inter prediction mode supplied from the
motion prediction/compensation unit 47 that has a smaller
RD cost than the other. Then, the predicted image
selection unit 48 outputs the predicted image in the
optimal prediction mode to the calculation unit 33 and
the addition unit 40.

[0110]

The rate control unit 49 controls the rate of the
quantization operation by the quantization unit 35 on the
basis of encoded data accumulated in the accumulation
buffer 37 so that neither overflow nor underflow occurs.
[0111]
<Operation of Encoding Device>

FIG. 10 and FIG. 11 are flowcharts illustrating the
details of encoding processing by the encoding device.

[0112]
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In Step S31 of FIG. 10, the A/D conversion unit 31
performs A/D conversion on images in units of frames
input to be encoded. The A/D conversion unit 31 outputs
the images that are now the digital signals after the
conversion to the screen rearrangement buffer 32 and
stores the digital signals therein.

[0113]

In Step S32, the screen rearrangement buffer 32
rearranges the frame images stored in a display order
into an encoding order on the basis of the GOP structure.
The screen rearrangement buffer 32 outputs the rearranged
images in units of frames to the calculation unit 33, the
intra prediction unit 46, and the motion
prediction/compensation unit 47.

[0114]

In Step S33, the intra prediction unit 46 performs
intra prediction processing in all candidate intra
prediction modes. Further, the intra prediction unit 46
calculates RD costs in all the candidate intra prediction
modes on the basis of the image read out from the screen
rearrangement buffer 32 and predicted images generated by
the intra prediction processing. The intra prediction
unit 46 determines an intra prediction mode having the
minimum RD cost as an optimal intra prediction mode. The

intra prediction unit 46 outputs the predicted image
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generated in the optimal intra prediction mode to the
predicted image selection unit 48.
[0115]

In Step S34, the motion prediction/compensation
unit 47 performs motion prediction/compensation
processing in all candidate inter prediction modes.
[0116]

The motion prediction/compensation unit 47 detects
motion information (motion vectors) in all the candidate
inter prediction modes on the basis of the image supplied
from the screen rearrangement buffer 32 and reference
images read out from the frame memory 44 through the
switch 45.

[0117]

The inter prediction unit 51 generates predicted
images by BIO processing-included Bi prediction, for
example, by using inter prediction parameters supplied
from the motion prediction/compensation unit 47.

[0118]

The motion prediction/compensation unit 47
calculates RD costs in all the candidate inter prediction
modes on the basis of the image supplied from the screen
rearrangement buffer 32 and the predicted images
generated by the inter prediction unit 51. The motion

prediction/compensation unit 47 determines an inter
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prediction mode having the minimum RD cost as an optimal
inter prediction mode.
[0119]

The RD cost and the predicted image in the
determined optimal inter prediction mode are output to
the predicted image selection unit 48. The inter
prediction parameters in the determined optimal inter
prediction mode are output to the lossless encoding unit
36.

[0120]

In Step S35, the predicted image selection unit 48
determines, as an optimal prediction mode, one of the
optimal intra prediction mode and the optimal inter
prediction mode that has a smaller RD cost than the
other. Then, the predicted image selection unit 48
outputs the predicted image in the optimal prediction
mode to the calculation unit 33 and the addition unit 40.
[0121]

In Step S36, the predicted image selection unit 48
determines whether the optimal prediction mode is the
optimal inter prediction mode. In a case where it is
determined in Step S36 that the optimal prediction mode
is the optimal inter prediction mode, the predicted image
selection unit 48 notifies the motion

prediction/compensation unit 47 that the predicted image
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generated in the optimal inter prediction mode has been
selected.
[0122]

Then, in Step S37, the motion
prediction/compensation unit 47 outputs the inter
prediction mode information and the inter prediction
parameters to the lossless encoding unit 36. After that,
the processing proceeds to Step S39.

[0123]

Meanwhile, in a case where the optimal prediction
mode is the optimal intra prediction mode in Step S36,
the predicted image selection unit 48 notifies the intra
prediction unit 46 that the predicted image generated in
the optimal intra prediction mode has been selected.
Then, in Step S38, the intra prediction unit 46 outputs
the intra prediction mode information to the lossless
encoding unit 36. After that, the processing proceeds to
Step S39.

[0124]

In Step S39, the calculation unit 33 subtracts the
predicted image supplied from the predicted image
selection unit 48 from the image supplied from the screen
rearrangement buffer 32, to thereby perform encoding. The
calculation unit 33 outputs the image obtained as a

result of the subtraction as residual information to the
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orthogonal transform unit 34.
[0125]

In Step S40, the orthogonal transform unit 34
performs orthogonal transform processing on the residual
information. The orthogonal transform unit 34 outputs the
orthogonal transform processing result obtained as a
result of the orthogonal transform processing to the
quantization unit 35.

[0126]

In Step S41, the quantization unit 35 guantizes the
orthogonal transform processing result supplied from the
orthogonal transform unit 34. The quantization unit 35
outputs the quantized value obtained as a result of the
quantization to the lossless encoding unit 36 and the
inverse quantization unit 38.

[0127]

In Step S42 of FIG. 11, the inverse quantization
unit 38 inversely quantizes the quantized value from the
quantization unit 35. The inverse quantization unit 38
outputs the orthogonal transform processing result
obtained as a result of the inverse quantization to the
inverse orthogonal transform unit 39.

[0128]
In Step S43, the inverse orthogonal transform unit

39 performs inverse orthogonal transform processing on
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the orthogonal transform processing result. The inverse
orthogonal transform unit 39 outputs the residual
information obtained as a result of the inverse
orthogonal transform processing to the addition unit 40.
[0129]

In Step S44, the addition unit 40 adds the residual
information supplied from the inverse orthogonal
transform unit 39 and the predicted image supplied from
the predicted image selection unit 48 together, to
thereby perform decoding. The addition unit 40 outputs
the decoded image to the deblocking filter 41 and the
frame memory 44.

[0130]

In Step S45, the deblocking filter 41 performs
deblocking filter processing on the image supplied from
the addition unit 40. The deblocking filter 41 outputs
the image obtained as a result of the deblocking filter
processing to the adaptive offset filter 42.

[0131]

In Step S46, the adaptive offset filter 42 performs
adaptive offset filter processing on the image obtained
as a result of the deblocking filter processing. The
adaptive offset filter 42 outputs the image obtained as a
result of the adaptive offset filter processing to the

adaptive loop filter 43. Further, the adaptive offset
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filter 42 outputs the offset filter information to the
lossless encoding unit 36.
[0132]

In Step S47, the adaptive loop filter 43 performs
adaptive loop filter processing on the image obtained as
a result of the adaptive offset filter processing. The
adaptive loop filter 43 outputs the image obtained as a
result of the adaptive loop filter processing to the
frame memory 44. Further, the adaptive loop filter 43
outputs the filter coefficients used in the adaptive loop
filter processing to the lossless encoding unit 36.
[0133]

In Step S48, the frame memory 44 accumulates the
image supplied from the adaptive loop filter 43 and the
image supplied from the addition unit 40. Of the images
accumulated in the frame memory 44 without being
subjected to the filter processing, images neighboring
the CUs are output as peripheral images to the intra
prediction unit 46 through the switch 45. Meanwhile, the
images subjected to the filter processing to be
accumulated in the frame memory 44 are output as
reference images to the motion prediction/compensation
unit 47 through the switch 45.

[0134]

In Step S49, the lossless encoding unit 36
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losslessly encodes, as encoding information, the intra
prediction mode information or the inter prediction mode
information, the inter prediction parameters, the offset
filter information, or the filter coefficients.

[0135]

In Step S50, the lossless encoding unit 36
losslessly encodes the quantized value supplied from the
quantization unit 35. Then, the lossless encoding unit 36
generates encoded data from the encoding information
losslessly encoded by the processing in Step S49 and the
lossless—-encoded quantized value and outputs the encoded
data to the accumulation buffer 37.

[0136]

In Step S51, the accumulation buffer 37 temporarily
accumulates the encoded data supplied from the lossless
encoding unit 36.

[0137]

In Step S52, the rate control unit 49 controls the
rate of the quantization operation by the quantization
unit 35 on the basis of the encoded data accumulated in
the accumulation buffer 37 so that neither overflow nor
underflow occurs. After that, the encoding processing
ends.

[0138]

Note that, in the encoding processing of FIG. 10
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and FIG. 11, for the sake of simple description, the
intra prediction processing and the motion
prediction/compensation processing are always performed,
but in reality, only one of the intra prediction
processing and the motion prediction/compensation
processing may be performed depending on picture types or
the like.

[0139]

<Configuration Example of Decoding Device>

FIG. 12 is a block diagram illustrating a
configuration example of an embodiment of a decoding
device to which the present disclosure is applied, which
decodes encoded streams transmitted from the encoding
device of FIG. 9.

[0140]

A decoding device 101 of FIG. 12 includes an
accumulation buffer 131, a lossless decoding unit 132, an
inverse quantization unit 133, an inverse orthogonal
transform unit 134, an addition unit 135, a deblocking
filter 136, an adaptive offset filter 137, an adaptive
loop filter 138, and a screen rearrangement buffer 139.
Further, the decoding device 101 includes a D/A
conversion unit 140, a frame memory 141, a switch 142, an
intra prediction unit 143, the inter prediction unit 51,

and a switch 144.
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[0141]

The accumulation buffer 131 of the decoding device
101 receives encoded data transmitted as encoded streams
from the encoding device 1 of FIG. 9 and accumulates the
encoded data. The accumulation buffer 131 outputs the
accumulated encoded data to the lossless decoding unit
132.

[0142]

The lossless decoding unit 132 performs lossless
decoding such as variable length decoding or arithmetic
decoding on encoded data from the accumulation buffer
131, to thereby obtain quantized values and encoding
information. The lossless decoding unit 132 outputs the
quantized values to the inverse quantization unit 133.
The encoding information includes intra prediction mode
information, inter prediction mode information, inter
prediction parameters, offset filter information, filter
coefficients, or the like.

[0143]

Further, the lossless decoding unit 132 outputs the
intra prediction mode information and the like to the
intra prediction unit 143. The lossless decoding unit 132
outputs the inter prediction parameters, the inter
prediction mode information, and the like to the inter

prediction unit 51.
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[0144]

The lossless decoding unit 132 outputs the intra
prediction mode information or the inter prediction mode
information to the switch 144. The lossless decoding unit
132 outputs the offset filter information to the adaptive
offset filter 137. The lossless decoding unit 132 outputs
the filter coefficients to the adaptive loop filter 138.
[0145]

The inverse quantization unit 133, the inverse
orthogonal transform unit 134, the addition unit 135, the
deblocking filter 136, the adaptive offset filter 137,
the adaptive loop filter 138, the frame memory 141, the
switch 142, the intra prediction unit 143, and the inter
prediction unit 51 perform processing processes similar
to those of the inverse gquantization unit 38, the inverse
orthogonal transform unit 39, the addition unit 40, the
deblocking filter 41, the adaptive offset filter 42, the
adaptive loop filter 43, the frame memory 44, the switch
45, the intra prediction unit 46, and the motion
prediction/compensation unit 47 of FIG. 9. With this,
images are decoded.

[0146]

Specifically, the inverse quantization unit 133 is

configured like the inverse quantization unit 38 of FIG.

9. The inverse quantization unit 133 inversely quantizes
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quantized values from the lossless decoding unit 132. The
inverse quantization unit 133 outputs the orthogonal
transform processing results obtained as a result of the
inverse quantization to the inverse orthogonal transform
unit 134.

[0147]

The inverse orthogonal transform unit 134 is
configured like the inverse orthogonal transform unit 39
of FIG. 9. The inverse orthogonal transform unit 134
performs inverse orthogonal transform processing on
orthogonal transform processing results supplied from the
inverse quantization unit 133. The inverse orthogonal
transform unit 134 outputs the residual information
obtained as a result of the inverse orthogonal transform
processing to the addition unit 135.

[0148]

The addition unit 135 adds residual information
supplied from the inverse orthogonal transform unit 134
and predicted images supplied from the switch 144
together, to thereby perform decoding. The addition unit
135 outputs the decoded images to the deblocking filter
136 and the frame memory 141.

[0149]
The deblocking filter 136 performs deblocking

filter processing on images supplied from the addition
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unit 135 and outputs the images obtained as a result of
the deblocking filter processing to the adaptive offset
filter 137.

[0150]

The adaptive offset filter 137 performs, by using
offsets indicated by offset filter information from the
lossless decoding unit 132, adaptive offset filter
processing of types indicated by the offset filter
information on images obtained as a result of deblocking
filter processing. The adaptive offset filter 137 outputs
the images obtained as a result of the adaptive offset
filter processing to the adaptive loop filter 138.

[0151]

The adaptive loop filter 138 performs adaptive loop
filter processing on images supplied from the adaptive
offset filter 137 by using filter coefficients supplied
from the lossless decoding unit 132. The adaptive loop
filter 138 outputs the images obtained as a result of the
adaptive loop filter processing to the frame memory 141
and the screen rearrangement buffer 139.

[0152]

The screen rearrangement buffer 139 stores images
obtained as a result of adaptive loop filter processing
in units of frames. The screen rearrangement buffer 139

rearranges the images in units of frames in the encoding
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order into the original display order and outputs the
resultant to the D/A conversion unit 140.
[0153]

The D/A conversion unit 140 performs D/A conversion
on images in units of frames supplied from the screen
rearrangement buffer 139 and outputs the resultant.

[0154]

The frame memory 141 accumulates images obtained as
a result of adaptive loop filter processing and images
supplied from the addition unit 135. Of the images
accumulated in the frame memory 141 without being
subjected to the filter processing, images neighboring
the CUs are supplied as peripheral images to the intra
prediction unit 143 through the switch 142. Meanwhile,
the images subjected to the filter processing to be
accumulated in the frame memory 141 are output as
reference images to the inter prediction unit 51 through
the switch 142.

[0155]

The intra prediction unit 143 performs, by using
peripheral images read out from the frame memory 141
through the switch 142, intra prediction processing in an
optimal intra prediction mode indicated by intra
prediction mode information supplied from the lossless

decoding unit 132. The intra prediction unit 143 outputs
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the thus generated predicted images to the switch 144.
[0156]

The inter prediction unit 51 is configured like the
one in FIG. 9. The inter prediction unit 51 performs, by
using inter prediction parameters supplied from the
lossless decoding unit 132, inter prediction in an
optimal inter prediction mode indicated by inter
prediction mode information, to thereby generate a
predicted image.

[0157]

The inter prediction unit 51 reads out, from the
frame memory 141 through the switch 142, reference images
specified by reference image information that is an inter
prediction parameter supplied from the lossless decoding
unit 132. The inter prediction unit 51 generates
predicted images with BIO processing-included Bi
prediction, for example, by using motion information that
is an inter prediction parameter supplied from the
lossless decoding unit 132 and the read-out reference
images. The generated predicted images are output to the
switch 144.

[0158]

The switch 144 outputs, in a case where intra

prediction mode information has been supplied from the

lossless decoding unit 132, predicted images supplied
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from the intra prediction unit 143 to the addition unit
135. Meanwhile, the switch 144 outputs, in a case where
inter prediction mode information has been supplied from
the lossless decoding unit 132, predicted images supplied
from the inter prediction unit 51 to the addition unit
135.

[0159]

<Operation of Decoding Device>

FIG. 13 is a flowchart illustrating the details of
decoding processing by the decoding device.
[0160]

In Step S131 of FIG. 13, the accumulation buffer
131 of the decoding device 101 receives encoded data in
units of frames supplied from the preceding stage, which
is not illustrated, and accumulates the encoded data. The
accumulation buffer 131 outputs the accumulated encoded
data to the lossless decoding unit 132.

[0161]

In Step S132, the lossless decoding unit 132
losslessly decodes the encoded data from the accumulation
buffer 131 to obtain a gquantized value and encoding
information. The lossless decoding unit 132 outputs the
quantized value to the inverse quantization unit 133.
[0162]

The lossless decoding unit 132 outputs intra
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prediction mode information and the like to the intra
prediction unit 143. The lossless decoding unit 132
outputs inter prediction parameters, inter prediction
mode information, and the like to the inter prediction
unit 51.

[0163]

Further, the lossless decoding unit 132 outputs the
intra prediction mode information or the inter prediction
mode information to the switch 144. The lossless decoding
unit 132 supplies offset filter information to the
adaptive offset filter 137 and outputs filter
coefficients to the adaptive loop filter 138.

[0164]

In Step S133, the inverse quantization unit 133
inversely quantizes the quantized value supplied from the
lossless decoding unit 132. The inverse quantization unit
133 outputs the orthogonal transform processing result
obtained as a result of the inverse quantization to the
inverse orthogonal transform unit 134.

[0165]

In Step S134, the inverse orthogonal transform unit
134 performs orthogonal transform processing on the
orthogonal transform processing result supplied from the
inverse quantization unit 133.

[0166]
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In Step S135, the inter prediction unit 51
determines whether the inter prediction mode information
has been supplied from the lossless decoding unit 132. 1In
a case where it is determined in Step S135 that the inter
prediction mode information has been supplied, the
processing proceeds to Step S136.

[0167]

In Step S136, the inter prediction unit 51 reads
out reference images on the basis of reference image
specification information supplied from the lossless
decoding unit 132, and performs, by using motion
information and the reference images, motion compensation
processing in an optimal inter prediction mode indicated
by the inter prediction mode information. For example,
the inter prediction unit 51 generates a predicted image
with BIO processing-included Bi prediction. The inter
prediction unit 51 outputs the generated predicted image
to the addition unit 135 through the switch 144. After
that, the processing proceeds to Step S138.

[0168]

Meanwhile, in a case where it is determined in Step
S135 that the inter prediction mode information has not
been supplied, that is, in a case where the intra
prediction mode information has been supplied to the

intra prediction unit 143, the processing proceeds to
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Step S137.
[0169]

In Step S137, the intra prediction unit 143
performs, by using peripheral images read out from the
frame memory 141 through the switch 142, intra prediction
processing in an intra prediction mode indicated by the
intra prediction mode information. The intra prediction
unit 143 outputs the predicted image generated as a
result of the intra prediction processing to the addition
unit 135 through the switch 144. After that, the
processing proceeds to Step S138.

[0170]

In Step S138, the addition unit 135 adds residual
information supplied from the inverse orthogonal
transform unit 134 and the predicted image supplied from
the switch 144 together, to thereby perform decoding. The
addition unit 135 outputs the decoded image to the
deblocking filter 136 and the frame memory 141.

[0171]

In Step S139, the deblocking filter 136 performs
deblocking filter processing on the image supplied from
the addition unit 135 to remove block deformation. The
deblocking filter 136 outputs the image obtained as a
result of the deblocking filter processing to the

adaptive offset filter 137.



56

[0172]

In Step S140, the adaptive offset filter 137
performs, on the basis of the offset filter information
supplied from the lossless decoding unit 132, adaptive
offset filter processing on the image obtained as a
result of the deblocking filter processing. The adaptive
offset filter 137 outputs the image obtained as a result
of the adaptive offset filter processing to the adaptive
loop filter 138.

[0173]

In Step S141, the adaptive loop filter 138
performs, by using the filter coefficients supplied from
the lossless decoding unit 132, adaptive loop filter
processing on the image supplied from the adaptive offset
filter 137. The adaptive loop filter 138 supplies the
image obtained as a result of the adaptive loop filter
processing to the frame memory 141 and the screen
rearrangement buffer 139.

[0174]

In Step S142, the frame memory 141 accumulates the
image supplied from the addition unit 135 and the image
supplied from the adaptive loop filter 138. Of the images
accumulated in the frame memory 141 without being
subjected to the filter processing, images neighboring

the CUs are supplied as peripheral images to the intra
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prediction unit 143 through the switch 142. Meanwhile,
the images subjected to the filter processing to be
accumulated in the frame memory 141 are supplied as
reference images to the inter prediction unit 51 through
the switch 142.

[0175]

In Step S143, the screen rearrangement buffer 139
stores the images supplied from the adaptive loop filter
138 in units of frames. The screen rearrangement buffer
139 rearranges the images in units of frames in the
encoding order into the original display order and
outputs the resultant to the D/A conversion unit 140.
[0176]

In Step S144, the D/A conversion unit 140 performs
D/A conversion on the image obtained as a result of the
adaptive loop filter processing and outputs the
resultant.

[0177]
<Configuration Example of Inter Prediction Unit>

FIG. 14 is a block diagram illustrating a
configuration example of the inter prediction unit.
[0178]

In FIG. 14, the inter prediction unit 51 includes
an inter prediction control unit 201, an LO prediction

block generation unit 202, an L1 prediction block
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generation unit 203, a BIO cost calculation unit 204, a
BIO application determination unit 205, a Bi prediction
block generation unit 206, a BIO processing-included Bi
prediction block generation unit 207, a Bi prediction
block selection unit 208, and a prediction block
selection unit 209.

[0179]

The inter prediction control unit 201 receives, in
the case of the encoding device 1, inter prediction
parameters from the motion prediction/compensation unit
47 (from the lossless decoding unit 132 in the case of
the decoding device 101).

[0180]

The inter prediction parameters include a PU
position in a frame, a PU size, a prediction direction
(any one of LO, L1, and Bi is set), reference image
information, motion information, and the like.

[0181]

The inter prediction control unit 201 includes, for
example, a CPU (Central Processing Unit) or a
microprocessor. The inter prediction control unit 201
executes a predetermined program by the CPU to control
the units on the basis of the contents of inter
prediction parameters.

[0182]
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The inter prediction control unit 201 supplies LO
prediction parameters to the L0 prediction block
generation unit 202, thereby controlling the LO
prediction block generation unit 202. The LO prediction
parameters include PU positions, PU sizes, reference
image information REFIDX LO, and motion information
MV_LO.

[0183]

The inter prediction control unit 201 supplies L1
prediction parameters to the L1 prediction block
generation unit 203, thereby controlling the L1
prediction block generation unit 203. The L1 prediction
parameters include PU positions, PU sizes, reference
image information REFIDX L1, and motion information
MV L1.

[0184]

The inter prediction control unit 201 supplies Bi
prediction parameters to the BIO cost calculation unit
204, the Bi prediction block generation unit 206, and the
BIO processing-included Bi prediction block generation
unit 207, thereby controlling the BIO cost calculation
unit 204, the Bi prediction block generation unit 206,
and the BIO processing-included Bi prediction block
generation unit 207. The Bi prediction parameters include

PU sizes and the like.
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[0185]

The inter prediction control unit 201 supplies a
BIO threshold to the BIO application determination unit
205, thereby controlling the BIO application
determination unit 205.

[0186]

The inter prediction control unit 201 supplies a
prediction direction to the prediction block selection
unit 209, thereby controlling the prediction block
selection unit 2009.

[0187]

The LO prediction block generation unit 202
operates when the prediction direction is LO or Bi. The
L0 prediction block generation unit 202 accesses the
frame memory 44 on the basis of LO prediction parameters
supplied from the inter prediction control unit 201, to
thereby generate L0 prediction images from reference
images. The generated LO prediction images are supplied
from the LO prediction block generation unit 202 to the
BIO cost calculation unit 204, the BIO application
determination unit 205, the Bi prediction block
generation unit 206, the BIO processing-included Bi
prediction block generation unit 207, and the prediction
block selection unit 209.

[0188]
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The L1 prediction block generation unit 203
operates when the prediction direction is L1 or Bi. The
L1l prediction block generation unit 203 accesses the
frame memory 44 on the basis of L1 prediction parameters
supplied from the inter prediction control unit 201, to
thereby generate L1 prediction images from reference
images. The generated L1 prediction images are supplied
from the L1 prediction block generation unit 203 to the
BIO cost calculation unit 204, the BIO application
determination unit 205, the Bi prediction block
generation unit 206, the BIO processing-included Bi
prediction block generation unit 207, and the prediction
block selection unit 209.

[0189]

The BIO cost calculation unit 204 operates when the
prediction direction is Bi. The BIO cost calculation unit
204 calculates, on the basis of Bi prediction parameters
supplied from the inter prediction control unit 201, the
SAD of an LO prediction image supplied from the LO
prediction block generation unit 202 and an L1 prediction
image supplied from the L1 prediction block generation
unit 203. The calculated SAD is supplied from the BIO
cost calculation unit 204 to the BIO application
determination unit 205.

[0190]
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The BIO application determination unit 205 operates
when the prediction direction is Bi. The BIO application
determination unit 205 compares the BIO threshold
supplied from the inter prediction control unit 201 to a
SAD supplied from the BIO cost calculation unit 204,
thereby determining a BIO ON flag. When the SAD is larger
than the BIO threshold, the BIO ON flag is determined to
BIO ON=1 that indicates the application of BIO, and when
the SAD is smaller than the BIO threshold, the BIO ON
flag is determined to BIO ON=0 that indicates the
prohibition of the application of BIO.

[0191]

The determined BIO ON flag is supplied from the BIO
application determination unit 205 to the Bi prediction
block generation unit 206, the BIO processing-included Bi
prediction block generation unit 207, and the Bi
prediction block selection unit 208.

[0192]

The Bi prediction block generation unit 206
operates on the basis of the BIO ON flag supplied from
the BIO application determination unit 205 when the
prediction direction is Bi and BIO ON=0 holds. The Bi
prediction block generation unit 206 generates, on the
basis of Bi prediction parameters supplied from the inter

prediction control unit 201, Bi prediction images from LO
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prediction images supplied from the LO prediction block
generation unit 202 and L1 prediction images supplied
from the L1 prediction block generation unit 203. The
generated Bi prediction images are supplied from the Bi
prediction block generation unit 206 to the Bi prediction
block selection unit 208.

[0193]

The BIO processing-included Bi prediction block
generation unit 207 operates on the basis of the BIO ON
flag supplied from the BIO application determination unit
205 when the prediction direction is Bi and BIO ON=1
holds. The Bi prediction block generation unit 206
generates, on the basis of Bi prediction parameters
supplied from the inter prediction control unit 201, BIO
processing-included Bi prediction images from LO
prediction images supplied from the L0 prediction block
generation unit 202 and L1 prediction images supplied
from the L1 prediction block generation unit 203. The
generated BIO processing-included Bi prediction images
are supplied from the BIO processing-included Bi
prediction block generation unit 207 to the Bi prediction
block selection unit 208.

[0194]
The Bi prediction block selection unit 208 selects

Bi prediction images on the basis of the BIO ON flag
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supplied from the BIO application determination unit 205.
The Bi prediction block selection unit 208 selects Bi
prediction images supplied from the Bi prediction block
generation unit 206 in a case where BIO ON=0 holds, and
selects BIO processing-included Bi prediction images
supplied from the BIO processing-included Bi prediction
block generation unit 207 in a case where BIO ON=1 holds.
The selected Bi prediction images are supplied from the
Bi prediction block selection unit 208 to the prediction
block selection unit 2009.

[0195]

The prediction block selection unit 209 selects
predicted images on the basis of a prediction direction
supplied from the inter prediction control unit 201 and
outputs the selected predicted images as the predicted
images of inter prediction to the predicted image
selection unit 48 of FIG. 9 (or the switch 144 of FIG.
12) on the subsequent stage.

[0196]

The prediction block selection unit 209 selects LO
prediction images supplied from the L0 prediction block
generation unit 202 in a case where the prediction
direction is LO, and selects Ll prediction images
supplied from the L1 prediction block generation unit 203

in a case where the prediction direction is L1. The
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prediction block selection unit 209 selects Bi prediction
images supplied from the Bi prediction block selection
unit 208 in a case where the prediction direction is Bi.
[0197]

<Operation Example of Inter Prediction Unit>

FIG. 15 and FIG. 16 are flowcharts illustrating
BIO-included Bi prediction that is performed by the inter
prediction unit 51.

[0198]

Note that, this processing is related-art BIO-
included Bi prediction processing that is compared to
BIO-included Bi prediction processing of the present
technology described later. Further, this BIO-included Bi
prediction processing is processing that is performed on
the encoding side and the decoding side, is part of the
motion prediction/compensation processing in Step S34 of
FIG. 10, and is part of the inter prediction processing
in Step S136 of FIG. 13.

[0199]

In Step S301 of FIG. 15, the inter prediction
control unit 201 acquires inter prediction parameters
supplied from the motion prediction/compensation unit 47.
Note that, in the case of the decoding device 101, the
inter prediction parameters are supplied from the

lossless decoding unit 132.
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[0200]

The inter prediction parameters include a PU
position in a frame, a PU size, a prediction direction
(any one of LO, L1, and Bi is set), reference image
information, motion information, and the like.

[0201]

The inter prediction control unit 201 supplies LO
prediction parameters to the LO prediction block
generation unit 202. The LO prediction parameters include
a PU position, a PU size, reference image information
REFIDX LO, and motion information MV _LO. The inter
prediction control unit 201 supplies L1 prediction
parameters to the L1 prediction block generation unit
203. The 11 prediction parameters include a PU position,
a PU size, reference image information REFIDX L1, and
motion information MV L1.

[0202]

The inter prediction control unit 201 supplies Bi
prediction parameters to the BIO cost calculation unit
204, the Bi prediction block generation unit 206, and the
BIO processing-included Bi prediction block generation
unit 207. The Bi prediction parameters are information
indicating PU sizes.

[0203]

The inter prediction control unit 201 supplies the
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BIO threshold to the BIO application determination unit
205. The inter prediction control unit 201 supplies a
prediction direction to the prediction block selection
unit 209, thereby controlling the prediction block
selection unit 209.

[0204]

In Step S302, the LO prediction block generation
unit 202 accesses the frame memory 44 on the basis of the
L0 prediction parameters supplied from the inter
prediction control unit 201, to thereby generate an LO
prediction image from a reference image. Note that, in
the case of the decoding device 101, the reference image
is referred to through an access to the frame memory 141.
[0205]

In Step S303, the L1 prediction block generation
unit 203 accesses the frame memory 44 on the basis of the
L1 prediction parameters supplied from the inter
prediction control unit 201, to thereby generate an L1
prediction image from a reference image.

[0206]

The maximum buffer size in the processing in Steps
S302 and S303 is a PU' size. The PU' size represents a
size that corresponds to the PU size and is slightly
larger than the PU size.

[0207]
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In Step S304, the BIO cost calculation unit 204
calculates, in units of 4x4, the SAD of the L0 prediction
image supplied from the LO prediction block generation
unit 202 and the L1 prediction image supplied from the L1
prediction block generation unit 203. The SADs calculated
in units of 4x4 are accumulated so that SAD 4x4 block
that is the sum of the SADs is acquired.

[0208]

In Step S305, the BIO cost calculation unit 204
calculates, in units of PUs, the SAD of the LO prediction
image supplied from the LO prediction block generation
unit 202 and the L1 prediction image supplied from the L1
prediction block generation unit 203. The SADs calculated
in units of PUs are accumulated so that SAD PU that is
the sum of the SADs is acquired. The acquired SAD PU is
supplied from the BIO cost calculation unit 204 to the
BIO application determination unit 205.

[0209]

In Step S306, the BIO application determination
unit 205 determines a BIO PU ON flag on the basis of
SAD PU>=BIO threshold PU. SAD PU is supplied from the BIO
cost calculation unit 204 and BIO threshold PU 1is
supplied from the inter prediction control unit 201. The
determined BIO PU ON flag is supplied from the BIO

application determination unit 205 to the Bi prediction
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block generation unit 206, the BIO processing-included Bi
prediction block generation unit 207, and the Bi
prediction block selection unit 208.

[0210]

When the SAD is larger than the BIO threshold, the
BIO PU ON flag is determined to BIO PU ON=1 that
indicates the application of BIO, and when the SAD is
smaller than the BIO threshold, the BIO PU ON flag is
determined to BIO PU ON=0 that indicates the prohibition
of the application of BIO.

[0211]

In Step S307, the Bi prediction block generation
unit 206 and the BIO processing-included Bi prediction
block generation unit 207 determine whether or not the
BIO_PU ON flag is 1.

[0212]

In a case where it is determined in Step S307 that
the BIO PU ON flag is not 1, the processing proceeds to
Step S308.

[0213]

In Step S308, the Bi prediction block generation
unit 206 generates a Bi prediction block PU from the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied

from the L1 prediction block generation unit 203. The
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generated Bi prediction block PU is supplied from the Bi
prediction block generation unit 206 to the Bi prediction
block selection unit 208. After that, the BIO-included Bi
prediction processing ends.

[0214]

The maximum buffer size in the processing in Step
S308 is the PU size.

[0215]

Meanwhile, in a case where it is determined in Step
S307 that the BIO PU ON flag is 1, the processing
proceeds to Step S3009.

[0216]

In Steps S309 to S320, the BIO processing-included
Bi prediction block generation unit 207 performs the
processing of generating a BIO processing-included Bi
prediction image.

[0217]

In Step S309, the BIO processing-included Bi
prediction block generation unit 207 calculates a
plurality of gradients from the LO prediction image
supplied from the L0 prediction block generation unit 202
and the L1 prediction image supplied from the L1
prediction block generation unit 203. The maximum buffer
size in the processing in Step S309 is the total size of

nine PU's.
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[0218]

In Step S310, the BIO processing-included Bi
prediction block generation unit 207 acquires the number
of 4x4 blocks included in the PU.

[0219]

In Step S311, the BIO processing-included Bi
prediction block generation unit 207 sets 0 to the 4x4
block number.

[0220]

In Step S312 of FIG. 16, the BIO processing-
included Bi prediction block generation unit 207
determines whether or not the 4x4 block number is smaller
than the number of 4x4 blocks.

[0221]

In a case where it is determined in Step S312 that
the 4x4 block number is smaller than the number of 4x4
blocks, the processing proceeds to Step S313.

[0222]

In Step S313, the BIO processing-included Bi
prediction block generation unit 207 acquires the
position in the PU and SAD 4x4 from the 4x4 block number.
[0223]

In Step S314, the BIO processing-included Bi
prediction block generation unit 207 determines

BIO 4x4 ON on the basis of SAD 4x4>=BIO threshold 4x4.
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[0224]

In Step S315, the BIO processing-included Bi
prediction block generation unit 207 determines whether
or not the BIO 4x4 ON flag is 1.

[0225]

In a case where it is determined in Step S315 that
the BIO 4x4 ON flag is not 1, the processing proceeds to
Step S316.

[0226]

In Step S316, the BIO processing-included Bi
prediction block generation unit 207 generates a Bi
prediction value from the LO prediction image and the L1
prediction image in the region of the 4x4 block number.
[0227]

In a case where it is determined in Step S315 that
the BIO 4x4 ON flag is 1, the processing proceeds to Step
S317.

[0228]

In Step S317, the BIO processing-included Bi
prediction block generation unit 207 calculates a
velocity from the plurality of gradients in the region of
the 4x4 block number.

[0229]
In Step S318, the BIO processing-included Bi

prediction block generation unit 207 generates a BIO
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prediction value from the LO prediction image, the L1
prediction image, the gradients, and the velocity in the
region of the 4x4 block number.

[0230]

After Steps S316 and S318, the processing proceeds
to Step S319.
[0231]

In Step S319, the BIO processing-included Bi
prediction block generation unit 207 stores the
prediction value at the position of the 4x4 block number
in the buffer. The maximum buffer size in the processing
in Step 319 is the PU size.

[0232]

In Step S320, the BIO processing-included Bi
prediction block generation unit 207 increments the 4x4
block number. After that, the processing returns to Step
S312, and the later processing is repeated.

[0233]

After Step S308 or in a case where it is determined
in Step S312 that the 4x4 block number is not smaller
than the number of 4x4 blocks, the BIO-included Bi
prediction ends.

[0234]
Note that, in the BIO-included Bi processing

described above, the SAD of the L0 prediction block and
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the L1 prediction block is calculated for the entire PU
in Step S305, the SAD is compared to the threshold to
determine whether or not to apply BIO processing in Step
S306, and the processing branches in Step S307.

[0235]

Thus, it is difficult to virtually partition, in a
case where inter prediction is performed on PUs larger
than VPDUs, the PU into a plurality of vPUs. As a result,
the PU' size, which is slightly larger than the PU size,
is required for the buffers required in Steps S302, S303,
and S309 to achieve the gradient calculation in Step S309
and the velocity calculation in Step S317. The maximum
PU' size 1is a size of 130x130 obtained by adding 2 to the
PU horizontal size and the PU vertical size.

[0236]

Further, in Step S308, the buffer having the PU
size is required. These mean that the BIO-included inter
prediction unit 51 requires a large buffer resource.
[0237]

Further, in a case where the inter prediction unit
51 that requires this buffer is implemented by HW
(hardware), due to a large difference between the
pipeline delay of BIO-included inter prediction and the
pipeline delay of TU processing, HW implementation that

maintains throughput is difficult to achieve.
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[0238]

This affects both the encoding and decoding sides.
On the encoding side, this can be avoided by a self-
limiting process such as always splitting CUs into 64x64
or less. In order to secure the degree of freedom of the
encoding side, however, a solution is desired. On the
decoding side, which is required to meet the standard, a
large HW resource is essential.

[0239]

Accordingly, as described above, in the present
technology, a unit of processing in calculation of a cost
that is used for determining whether or not to perform
bidirectional prediction such as BIO is partitioned into
partitioned processing units each of which corresponds to
the VPDU size or is equal to or smaller than the VPDU
size, and the determination is made by using the cost
calculated on the basis of the partitioned processing
units.

[0240]
The size corresponding to the VPDU size means the
VPDU' size slightly larger than the VPDU size.
[0241]
<Operation Example of Inter Prediction Unit>
FIG. 17 and FIG. 18 are flowcharts illustrating, as

an operation example according to the first embodiment of
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the present technology, BIO-included Bi prediction that
is performed by the inter prediction unit 51.
[0242]

The case of the encoding device 1 is illustrated in
FIG. 17 and FIG. 18, and since similar processing is
performed in the case of the decoding device 101, the
description thereof is omitted.

[0243]

In Step S401, the inter prediction control unit 201
acquires inter prediction parameters supplied from the
motion prediction/compensation unit 47.

[0244]

In Step S402, the inter prediction control unit 201
acquires the number of vPUs included in the PU. That is,
in a case where PUs are larger than VPDUs, the PU is
virtually partitioned into a plurality of vPUs. 1In a case
where the PU is 128x128, 4 is set to the number of vPUs.
In a case where the PU is 128x64 or ©4x128, 2 is set to
the number of vPUs. In a case where the PU is 64x64 or
less, 1 is set to the number of vPUs. In the case where
the number of vPUs is 1, the PU is not virtually
partitioned, and processing similar to that of FIG. 15
and FIG. 16 is substantially performed.

[0245]

In Step S403, the inter prediction control unit 201
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sets 0 as a vPU number that is processed first.
[0246]

In Step S404, the inter prediction control unit 201
determines whether or not the vPU number is smaller than
the number of vPUs.

[0247]

In a case where it is determined in Step S404 that
the vPU number is smaller than the number of vPUs, the
processing proceeds to Step S405.

[0248]

In Step S405, the inter prediction control unit 201
acquires, from the PU size and the vPU number, the
position and size of the vPU indicating a region in the
PU to be processed.

[0249]

FIG. 19 is a diagram illustrating the
correspondences between PU size, vPU number, and
processing position and size.

[0250]

When the PU size is 128x128 and the vPU number is
0, the processing position is at the upper left and the
size is 64x64. When the vPU number is 1, the processing
position is at the upper right and the size is 64x64.
When the vPU number is 2, the processing position is at

the lower left and the size is 64x64. When the vPU number
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is 3, the processing position is at the lower right and
the size is 64x64.
[0251]

When the PU size is 128x64 and the vPU number is O,
the processing position is on the left and the size is
64x64. When the vPU number is 1, the processing position
is on the right and the size is 64x64.

[0252]

When the PU size is 64x128 and the vPU number is 0,
the processing position is at the top and the size is
64x64. When the vPU number is 1, the processing position
is at the bottom and the size is 64x64.

[0253]

When the PU size is 64x64 or less and the vPU
number is 0, the processing position is the PU itself.
[0254]

Returning to FIG. 17, the position and size of the
vPU acquired in Step S405 are supplied to the LO
prediction block generation unit 202 and the L1
prediction block generation unit 203.

[0255]

In Step S406, the L0 prediction block generation
unit 202 generates an L0 prediction block in the region
of the vPU number.

[0256]
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In Step S407, the L1 prediction block generation
unit 203 generates an L1 prediction block in the region
of the vPU number.

[0257]

The maximum buffer size in the processing in Steps
406 and S407 is, for example, the VPDU' size including a
slightly large region that is required for the gradient
calculation in Step S413 and the velocity calculation in
Step S421. The VPDU' size represents the above-mentioned
size corresponding to the VPDU size, which is the size
slightly larger than the VPDU size. The VPDU' size is
66x66 obtained by adding 2 to the horizontal and vertical
sizes, for example.

[0258]

In the determination of BIO application on the
subsequent stage, SAD values up to the VPDU size are
used, and hence the buffer size for storing the LO
prediction block and L1 prediction block generated here
can be based on the VPDU size.

[0259]

In Step S408, the BIO cost calculation unit 204
calculates, in units of 4x4 in the vPU, the SAD of the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied

from the L1 prediction block generation unit 203. The
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SADs calculated in units of 4x4 are accumulated so that
SAD 4x4 block that is the sum of the SADs is acquired.
[0260]

To determine whether to apply BIO by a 4x4 block
unit, which is the unit in wvelocity calculation, to
thereby achieve early termination for non-effective cases
on the subsequent stage, this SAD 4x4 block is required
to be stored. However, the buffer size for storing
SAD 4x4 block can be reduced to 1/4 of the size in Step
S304 of FIG. 15.

[0261]

In Step S409, the BIO cost calculation unit 204
calculates, in units of vPUs, the SAD of the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied
from the L1 prediction block generation unit 203. The
SADs calculated in units of vPUs are accumulated so that
SAD vPU that is the sum of the SADs is acquired. The
acquired SAD vPU is supplied from the BIO cost
calculation unit 204 to the BIO application determination
unit 205.

[0262]

In Step S410, the BIO application determination

unit 205 determines the BIO vPU ON flag on the basis of

SAD vPU>=BIO threshold vPU. SAD vPU is supplied from the
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BIO cost calculation unit 204 and BIO threshold vPU is
supplied from the inter prediction control unit 201. BIO
threshold vPU is a value obtained by scaling BIO
threshold PU to a value based on the vPU size obtained in
Step S405.

[0263]

The determined BIO vPU ON flag is supplied from the
BIO application determination unit 205 to the Bi
prediction block generation unit 206, the BIO processing-
included Bi prediction block generation unit 207, and the
Bi prediction block selection unit 208.

[0264]

In Step S411, the Bi prediction block generation
unit 206 and the BIO processing-included Bi prediction
block generation unit 207 determine whether or not the
BIO vPU ON flag 1is 1.

[0265]

In a case where it is determined in Step S411 that
the BIO vPU ON flag is not 1, the processing proceeds to
Step S412 since BIO is not effective to the entire vPU.
[0266]

In Step S412, the Bi prediction block generation
unit 206 generates a Bi prediction block vPU from the LO
prediction image supplied from the LO prediction block

generation unit 202 and the L1 prediction image supplied
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from the L1 prediction block generation unit 203. The
generated Bi prediction block vPU is stored in the buffer
and supplied from the Bi prediction block generation unit
206 to the Bi prediction block selection unit 208.

[0267]

In a case where the pipeline is structured in HW
implementation, TU processing in units of VPDUs 1is
executed in parallel to vPU inter prediction, and hence
next processing can start at this timing. Thus, it is
enough that the buffer prepared here to store Bi
prediction has the maximum VPDU size. After that, the
processing proceeds to Step S425 of FIG. 18.

[0268]

Meanwhile, in a case where it is determined in Step
S411 that the BIO vPU ON flag is 1, the processing
proceeds to Step S413.

[0269]

In Step S413, the BIO processing-included Bi
prediction block generation unit 207 calculates a
plurality of gradients from the LO prediction block
supplied from the L0 prediction block generation unit 202
and the L1 prediction block supplied from the L1
prediction block generation unit 203.

[0270]

In Step S413, 9 types of intermediate parameters
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are calculated from the LO prediction block and the L1
prediction block. The amount of change between the LO
prediction block and the L1 prediction block, and the
amount of horizontal or vertical change in pixel value in
each prediction block are calculated. These are
collectively referred to as "gradient." The gradients are
required to be calculated by as many pixels as prediction
blocks, and hence it is enough that the buffer required
here has the total size of nine VPDU's at most.

[0271]

In Step S414 of FIG. 18, the BIO processing-
included Bi prediction block generation unit 207 acquires
the number of 4x4 blocks included in the vPU. For
example, in the case of a vPU of 64x64, the number of 4x4
blocks is 256. 1In the optical flow, the highest
prediction accuracy is achieved when velocities are
obtained in units of pixels to calculate prediction
values. This, however, requires large-scale calculation.
In BIO, velocities are calculated in units of 4x4 blocks
in view of the balanced trade-off of performance and
cost.

[0272]

In Step S415, the BIO processing-included Bi

prediction block generation unit 207 sets 0 as a 4x4

block number that is processed first.
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[0273]

In Step S416, the BIO processing-included Bi
prediction block generation unit 207 determines whether
or not the 4x4 block number is smaller than the number of
4x4 blocks.

[0274]

In a case where it is determined in Step S416 that
the 4x4 block number is smaller than the number of 4x4
blocks, the processing proceeds to Step S417.

[0275]

In Step S417, the BIO processing-included Bi
prediction block generation unit 207 acquires the
position in the vPU and SAD 4x4 from the 4x4 block
number. The 4x4 blocks are processed in the raster scan
order.

[0276]

In Step S418, the BIO processing-included Bi
prediction block generation unit 207 determines
BIO 4x4 ON on the basis of SAD 4x4>=BIO threshold 4x4.
[0277]

In Step S419, the BIO processing-included Bi
prediction block generation unit 207 determines whether
or not the BIO 4x4 ON flag is 1.

[0278]

In a case where it is determined in Step S419 that
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the BIO 4x4 ON flag is not 1, the processing proceeds to
Step S420 since BIO is not expected to be effective to
the 4x4 block.

[0279]

In Step S420, the BIO processing-included Bi
prediction block generation unit 207 calculates the
average of the L0 prediction image and the L1 prediction
image in the region of the 4x4 block number, to thereby
generate a Bi prediction value.

[0280]

In a case where it is determined in Step S419 that
the BIO 4x4 ON flag is 1, the processing proceeds to Step
S421.

[0281]

In Step S421, the BIO processing-included Bi
prediction block generation unit 207 calculates a
velocity from the plurality of gradients in the region of
the 4x4 block number.

[0282]

In Step S422, the BIO processing-included Bi
prediction block generation unit 207 generates a BIO
prediction value from the LO prediction image, the L1
prediction image, the gradients, and the velocity in the
region of the 4x4 block number.

[0283]
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After Steps S420 and S422, the processing proceeds
to Step S423.
[0284]

In Step S423, the BIO processing-included Bi
prediction block generation unit 207 stores the
prediction value generated in Step S420 or Step S422 at
the position of the 4x4 block number in the buffer. The
maximum buffer size in the processing in Step 423 is the
VPDU size. The buffer may be the buffer that is used in
the processing in S412.

[0285]

In Step S424, the BIO processing-included Bi
prediction block generation unit 207 increments the 4x4
block number. After that, the processing returns to Step
S416, and the later processing is repeated.

[0286]

After Step S412 or in a case where it is determined
in Step S416 that the 4x4 block number is equal to or
larger than the number of 4x4 blocks, the processing
proceeds to Step S425.

[0287]

In Step S425, the inter prediction control unit 201

increments the vPU number. The processing returns to Step

S404, and the later processing is repeated.

[0288]
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In a case where it is determined in Step S404 that
the vPU number is equal to or larger than the number of
vPUs, the BIO processing-included Bi prediction ends.
[0289]

FIG. 20 and FIG. 21 are diagrams illustrating
comparisons between related-art operation and operation
according to the first embodiment of the present
technology.

[0290]

In the upper part of FIG. 20, the related-art
operation and the operation according to the first
embodiment of the present technology are illustrated in
terms of ranges in which SADs have been calculated first
for BIO application determination in a case where the CU
(PU) 1is 128x128 and VPDU=64x64 holds. In the case of the
CU (PU) of 128x128, the CU (PU) is partitioned into four
vPUs that are SAD calculation regions for BIO vPU ON
determination.

[0291]

In the lower part of FIG. 20, the related-art
operation and the operation according to the first
embodiment of the present technology are illustrated in
terms of ranges in which SADs have been calculated first
for BIO application determination in a case where the CU

(PU) 1s 128x64 and VPDU=64x64 holds. In the case of the
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CU (PU) of 128x64, the CU (PU) is partitioned into two
left and right vPUs that are SAD calculation regions for
BIO vPU ON determination.

[0292]

In the upper part of FIG. 21, the related-art
operation and the operation according to the first
embodiment of the present technology are illustrated in
terms of ranges in which SADs have been calculated first
for BIO application determination in a case where the CU
(PU) 1is 64x128 and VPDU=64x64 holds. In the case of the
CU (PU) of 64x128, the CU (PU) is partitioned into two
top and bottom vPUs that are SAD calculation regions for
BIO vPU ON determination.

[0293]

In the lower part of FIG. 21, the related-art
operation and the operation according to the first
embodiment of the present technology are illustrated in
terms of ranges in which SADs have been calculated first
for BIO application determination in a case where the CU
(PU) 1is 64x64 or less and VPDU=64x64 holds. In the case
of the CU (PU) of 64x64 or less, the CU (PU) is not
partitioned and includes a single vPU that is a SAD
calculation region for BIO vPU ON determination.

[0294]

In the related-art operation, the SAD for the



89

entire PU is required, and hence the large LO prediction
block and the large L1 prediction block are required to
be prepared and stored in advance. In the present
technology, on the other hand, in the PU larger than the
VPDU, whether to apply BIO is determined for each vPU
obtained by virtually partitioning the PU, and the buffer
for the LO prediction block and the L1 prediction block
prepared and stored in advance can therefore be reduced
in size.

[0295]

Further, the buffers that are used in Steps 5412,
S413, and S423 of FIG. 17 and FIG. 18 can be reduced to
1/4 of the buffers that are used in Steps S308, S309, and
S319 of FIG. 15 and FIG. 1l6.

[0296]

As tools for generating two prediction blocks on
the decoding side and making determination through cost
calculation, to thereby enhance the encoding efficiency
of inter prediction, such as BIO, there are FRUC (Frame
Rate Up-Conversion) and DMVR (Decoder-side motion vector
refinement). In FRUC and DMVR, LO prediction blocks and
L1 prediction blocks that are larger than a PU size are
generated and SADs or similar costs are calculated for
the purpose of MV correction instead of early termination

in BIO.
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[0297]

In a case where PUs are larger than VPDUs,
processing similar to that in the present technology is
required. Also in FRUC and DMVR, as in the present
technology, a case where PUs are larger than VPDUs can be
handled as follows: the PU is virtually partitioned into
a plurality of vPUs, and MV correction is performed for
each vPU.

[0298]

The SAD calculation and BIO application
determination for an entire PU in the related-art
operation and the SAD calculation and BIO application
determination for each vPU in the present technology,
which are descried above, are generally mainly intended
to achieve early termination, and hence a further
reduction can be achieved.

[0299]
<First Modified Example>

In the first embodiment described above, the
example in which in a case where PUs are larger than
VPDUs, the PU is wvirtually partitioned into a plurality
of vPUs, and a SAD is calculated to determine whether to
apply BIO for each vPU is described. The vPUs of the PU
are originally included in the same PU, and hence it is

conceivable that a certain partial tendency is similar to



91

the tendencies of the different portions.
[0300]

FIG. 22 and FIG. 23 are diagrams illustrating, as a
first modified example, an example in which in a case
where PUs are larger than VPDUs, a BIO determination
result for a vPU number of 0 is also used for other vPUs
on the premise of the tendency described above.

[0301]

In the upper part of FIG. 22, there are illustrated
ranges in which SADs have been calculated first for BIO
application determination in a case where the CU (PU) is
128x128 and VPDU=64x64 holds. In the case of the CU (PU)
of 128x128, of vPUs obtained by partitioning the CU (PU)
into four as SAD calculation regions for BIO vPU ON
determination, a SAD for the vPU at the upper left (vPU
number=0) is calculated, and the result for the vPU
having the vPU number of 0 is copied and used for the
remaining vPUs (upper right, lower left, and upper
right) .

[0302]

In the lower part of FIG. 22, there are illustrated
ranges in which SADs have been calculated first for BIO
application determination in a case where the CU (PU) is
128x64 and VPDU=64x64 holds. In the case of the CU (PU)

of 128x64, of vPUs obtained by partitioning the CU (PU)
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into two as SAD calculation regions for BIO vPU ON
determination, a SAD for the vPU on the left (vPU
number=0) is calculated, and the result for the VvPU
having the vPU number of 0 is copied and used for the
other vPU (right).

[0303]

In the upper part of FIG. 23, there are illustrated
ranges in which SADs have been calculated first for BIO
application determination in a case where the CU (PU) is
64x128 and VPDU=64x64 holds. In the case of the CU (PU)
of 128x64, of vPUs obtained by partitioning the CU (PU)
into two as SAD calculation regions for BIO vPU ON
determination, a SAD for the vPU at the top (vPU
number=0) is calculated, and the result for the vPU
having the vPU number of 0 is copied and used for the
other vPU (bottom).

[0304]

In the lower part of FIG. 23, there is illustrated
a range in which a SAD has been calculated first for BIO
application determination in a case where the CU (PU) is
64x64 or less and VPDU=64x64 holds. In the case of the CU
(PU) of 64x64 or less, the CU (PU) is not partitioned and
includes a single vPU as a SAD calculation region for
BIO vPU ON determination.

[0305]
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<Operation Example of Inter Prediction Unit>

FIG. 24 and FIG. 25 are flowcharts illustrating
BIO-included Bi prediction in the case of FIG. 23.

[0306]

In Steps S501 to S508 and Steps S510 to S526 of
FIG. 24 and FIG. 25, processing basically similar to that
in Steps S401 to S425 of FIG. 17 and FIG. 18 is
performed, and hence the description thereof, which is
redundant, 1s appropriately omitted.

[0307]

In Step S508 of FIG. 25, the BIO cost calculation
unit 204 calculates, in units of 4x4 in the vPU, the SAD
of the LO prediction image supplied from the LO
prediction block generation unit 202 and the L1
prediction image supplied from the L1 prediction block
generation unit 203. The SADs calculated in units of 4x4
are accumulated so that SAD 4x4 block that is the sum of
the SADs is acquired.

[0308]

In Step S509, the BIO cost calculation unit 204
determines whether or not the vPU number is 0.

[0309]

In a case where it is determined in Step S509 that
the vPU number is 0, the processing proceeds to Step

S510.
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[0310]

In Step S510, the BIO cost calculation unit 204
calculates, in units of vPUs, the SAD of the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied
from the L1 prediction block generation unit 203. The
SADs calculated in units of vPUs are accumulated so that
SAD vPU that is the sum of the SADs is acquired. The
acquired SAD vPU is supplied from the BIO cost
calculation unit 204 to the BIO application determination
unit 205.

[0311]

In Step S511, the BIO application determination
unit 205 determines the BIO vPU ON flag on the basis of
SAD vPU>=BIO threshold vPU. SAD vPU is supplied from the
BIO cost calculation unit 204 and BIO threshold vPU is
supplied from the inter prediction control unit 201.
After that, the processing proceeds to Step S512.

[0312]

Meanwhile, in a case where it is determined that
the vPU number is not 0, the processing skips Steps S510
and S511 and proceeds to Step S512.

[0313]
As described above, in the PU, only for the vPUs

that are positioned first in the raster scan order, the
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SAD accumulation and BIO determination for the vPUs are
performed, with the result that the processing related to
early termination and time taken for the processing can
be reduced.

[0314]

<Second Modified Example>

FIG. 26 and FIG. 27 are diagrams illustrating, as a
second modified example, an example in which whether to
apply BIO is determined with a partial SAD value in each
vPU.

[0315]

In the upper part of FIG. 26, there are illustrated
ranges in which SADs have been calculated first for BIO
application determination in a case where the CU (PU) 1is
128x128 and VPDU=64x64 holds. 1In the case of the CU (PU)
of 128x128, a SAD is calculated for an upper left partial
region (32x32) of each vPU obtained by partitioning the
CU (PU) into two as SAD calculation regions for
BIO vPU ON determination.

[0316]

In the lower part of FIG. 26, there are illustrated
ranges in which SADs have been calculated first for BIO
application determination in a case where the CU (PU) 1is
128x64 and VPDU=64x64 holds. In the case of the CU (PU)

of 128x64, a SAD is calculated for an upper left partial
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region (32x32) of each vPU obtained by partitioning the
CU (PU) into two as SAD calculation regions for

BIO vPU ON determination.

[0317]

In the upper part of FIG. 27, there are illustrated
ranges in which SADs have been calculated first for BIO
application determination in a case where the CU (PU) 1is
64x128 and VPDU=64x64 holds. In the case of the CU (PU)
of 64x128, a SAD is calculated for an upper left partial
region (32x32) of each vPU obtained by partitioning the
CU (PU) into two as SAD calculation regions for
BIO vPU ON determination.

[0318]

In the lower part of FIG. 27, there is illustrated
a range in which a SAD has been calculated first for BIO
application determination in a case where the CU (PU) 1is
64x64 or less and VPDU=64x64 holds. In the case of the CU
(PU) of 64x64 or less, a SAD is calculated for an upper
left partial region (32x32) of the CU (PU) not
partitioned and including a vPU as a SAD calculation
region for BIO vPU ON determination.

[0319]

As described above, FIG. 26 and FIG. 27 illustrate

the examples in which whether to apply BIO is determined

in the upper-left 1/4 region of each vPU. The upper-left
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1/4 regions are used in consideration of compatibility
with a case where the pipeline is structured with HW.
This is because BIO application determination becomes
possible when the LO prediction blocks and the L1
prediction blocks in the upper-left 1/4 regions are
prepared.

[0320]

Whether to apply BIO is determined only for the
partial region of each vPU so that the buffers that are
prepared on the pipeline stages can be reduced to be
smaller than the VPDU size.

[0321]

Note that, the partial region has any size, and the
cost (SAD) calculation can be performed for a partial
region having a size of 0x0, for example. That is, O
means that the cost is not calculated and early
termination is skipped.

[0322]

Further, the region for calculating a SAD necessary
for determining BIO vPU ON in each vPU can be dynamically
changed.

[0323]
<Operation Example of Inter Prediction Unit>
FIG. 28 and FIG. 29 are flowcharts illustrating the

processing of determining a partial SAD calculation
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region for BIO vPU ON determination in each vPU.
[0324]

In FIG. 28 and FIG. 29, two MVs for generating an
L0 prediction block and an L1 prediction block are
divided into four, namely, horizontal components and
vertical components, and whether the correction of BIO is
effective to a region farthest from a reference position
is determined on the assumption that such a region has
inaccurate motion information. This processing is
performed before Step S509 of FIG. 25, for example. 1In
this case, the following flow is conceivable: in Step
5509, it is determined whether or not the vPU number
corresponds to an installed region, and the processing in
Steps S510 and S511 is performed only on the set region.
[0325]

In Step S601, the inter prediction control unit 201
acquires MVLOx and MVLOy of LO prediction and MVL1x and
MVLly of L1 prediction.

[0326]

In Step S602, the inter prediction control unit 201
selects one of the four MVs that has the maximum absolute
value and substitutes the MV into MV MAX.

[0327]
In Step S603, the inter prediction control unit 201

determines whether or not |MV MAX|<MV threshold holds.
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[0328]

In a case where it is determined in Step S603 that
IMV_MAX|<MV_ threshold holds, the processing proceeds to
Step S604.

[0329]

In Step S604, the inter prediction control unit 201
sets the central part of the vPU as a SAD calculation
region.

[0330]

In Step S605, the inter prediction control unit 201
determines whether or not PU size<vPU size holds.
[0331]

In a case where it is determined in Step S605 that
PU size<vPU size holds, the processing proceeds to Step
S606.

[0332]

In Step S606, the inter prediction control unit 201
determines that horizontal size=horizontal PU size/2 and
vertical size=vertical PU size/2 hold.

[0333]

In a case where it is determined in Step S605 that
PU size<vPU size does not hold, the processing proceeds
to Step S607.

[0334]

In Step S607, the inter prediction control unit 201
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determines that horizontal size=horizontal vPU size/2 and
vertical size=vertical vPU size/2 hold.
[0335]

Meanwhile, in a case where it is determined in Step
S603 that |MV MAX|<MV threshold does not hold, the
processing proceeds to Step S608.

[0336]

In Step S608, the inter prediction control unit 201
determines whether or not MV MAX==MVLOx| |[MV MAX==MVL1x
holds.

[0337]

In a case where it is determined in Step S608 that
MV MAX==MVLOx| |[MV_MAX==MVL1x holds, the processing
proceeds to Step S6009.

[0338]

In Step S609, the inter prediction control unit 201
determines whether or not MV MAX is smaller than O.

[0339]

In a case where it is determined in Step S609 that
MV MAX is smaller than 0, the processing proceeds to Step
S610.

[0340]

In Step S610, the inter prediction control unit 201

sets the left part of the vPU as the SAD calculation

region.



101

[0341]

In a case where it is determined in Step S609 that
MV MAX 1is equal to or larger than 0, the processing
proceeds to Step S611.

[0342]

In Step S611, the inter prediction control unit 201
sets the right part of the vPU as the SAD calculation
region.

[0343]

After Step S610 or S611, the processing proceeds to
Step S612.

[0344]

In Step S612, the inter prediction control unit 201
determines whether or not PU size<vPU size holds.
[0345]

In a case where it is determined in Step S612 that
PU size<vPU size holds, the processing proceeds to Step
S613.

[0346]

In Step S613, the inter prediction control unit 201
determines that horizontal size=horizontal PU size/4 and
vertical size=vertical PU size hold.

[0347]
In a case where it is determined in Step S612 that

PU size<vPU size does not hold, the processing proceeds
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to Step S614.
[0348]

In Step S614, the inter prediction control unit 201
determines that horizontal size=horizontal vPU size/4 and
vertical size=vertical vPU size hold.

[0349]

Further, in a case where it is determined in Step
S608 that MV MAX==MVLOx| |MV MAX==MVLlx does not hold, the
processing proceeds to Step S615.

[0350]

In Step S615, the inter prediction control unit 201
determines whether or not MV MAX<0O holds.
[0351]

In a case where it is determined in Step S615 that
MV MAX<0 holds, the processing proceeds to Step S6l6.
[0352]

In Step S616, the inter prediction control unit 201
sets the upper part of the vPU as the SAD calculation
region.

[0353]

In a case where it is determined in Step S615 that
MV MAX<0 does not hold, the processing proceeds to Step
S617.

[0354]

In Step S617, the inter prediction control unit 201
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sets the lower part of the vPU as the SAD calculation
region.
[0355]

After Step S616 or S617, the processing proceeds to
Step S618.

[0356]

In Step S618, the inter prediction control unit 201
determines whether or not PU size<vPU size holds.
[0357]

In a case where it is determined in Step S618 that
PU size<vPU size holds, the processing proceeds to Step
S619.

[0358]

In Step S619, the inter prediction control unit 201
determines that horizontal size=horizontal PU size and
vertical size=vertical PU size/4 hold.

[0359]

In a case where it is determined in Step S618 that
PU size<vPU size does not hold, the processing proceeds
to Step S$S620.

[0360]

In Step S620, the inter prediction control unit 201
determines that horizontal size=horizontal vPU size and
vertical size=vertical vPU size/4 hold.

[0361]
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After Step S606, Step S607, Step S613, Step S614,
Step S619, and Step S$S620, the processing proceeds to Step
S621 of FIG. 29.

[0362]

In Step S$621, the inter prediction control unit 201
determines whether or not horizontal size<4 holds.
[0363]

In a case where it is determined in Step S621 that
horizontal size<4 holds, the processing proceeds to Step
S622.

[0364]

In Step S622, the inter prediction control unit 201
determines that horizontal size=4 holds, and the
processing proceeds to Step S623.

[0365]

In a case where it is determined in Step S621 that
horizontal size<4 does not hold, the processing skips
Step S622 and proceeds to Step S$S623.

[0366]

In Step S623, the inter prediction control unit 201
determines whether or not vertical size<4 holds.
[0367]

In a case where it is determined in Step S$S623 that
vertical size<4 holds, the processing proceeds to Step

S624.
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[0368]

In Step S624, the inter prediction control unit 201
determines that wvertical size=4 holds, and the processing
of determining a partial SAD calculation region for
BIO vPU ON determination ends.

[0369]

In a case where it is determined in Step S623 that
vertical size<4 does not hold, the processing skips Step
S624, and the processing of determining a partial SAD
calculation region for BIO vPU ON determination ends.
[0370]

The processing of calculating SADs for partial
regions to determine whether to apply BIO as described
can also be applied to FRUC and DMVR. However, in FRUC
and DMVR, the calculation of SADs or similar costs and
the determination thereafter, which are used for early
termination in BIO, are directly reflected in the inter
prediction accuracy. Thus, there is a possibility that
the price paid for the omission of cost calculation is
high, and it can therefore be said that the processing of
calculating SADs for partial regions to determine whether
to apply BIO is processing unigque to BIO.

[0371]
<2. Second Embodiment (Exemplary Operation Sharing with

Flags) >
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In a second embodiment, as in the first embodiment,
in a case where PUs are larger than VPDUs, the PU is
virtually partitioned into vPUs, and the processing is
performed in units of vPUs.

[0372]

In the second embodiment, unlike the first
embodiment, 1 bit of the BIO PU ON flag is included in
bitstreams that are transmitted/received between the
encoding device 1 and the decoding device 101 so that the
operation of the encoding device 1 and the operation of
the decoding device 101 can be shared.

[0373]
<Operation Example of Inter Prediction Unit>

FIG. 30 and FIG. 31 are flowcharts illustrating, as
an operation example according to the second embodiment
of the present technology, BIO-included Bi prediction
that is performed by the inter prediction unit 51.

[0374]

In Steps S701 to S708 and Steps S715 to S728 of
FIG. 30 and FIG. 31, processing basically similar to that
in Steps S401 to S408 and Steps S412 to S425 of FIG. 17
and FIG. 18 is performed, and hence the description
thereof, which is redundant, is appropriately omitted.
[0375]

In Step S708 of FIG. 30, the BIO cost calculation
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unit 204 calculates, in units of 4x4 in the vPU, the SAD
of the LO prediction image supplied from the LO
prediction block generation unit 202 and the L1
prediction image supplied from the L1 prediction block
generation unit 203. The SADs calculated in units of 4x4
are accumulated so that SAD 4x4 block that is the sum of
the SADs is acquired.

[0376]

In Step S709, the inter prediction control unit 201
determines whether or not the number of vPUs is 1.

[0377]

In a case where it is determined in Step S709 that
the number of vPUs is 1, the processing proceeds to Step
S710. In Steps S710 and S711, processing similar to the
processing that is performed in units of PUs is
performed.

[0378]

In Step S710, the BIO cost calculation unit 204
calculates, in units of vPUs, the SAD of the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied
from the L1 prediction block generation unit 203. The
SADs calculated in units of vPUs are accumulated so that
SAD PU that is the sum of the SADs is acquired. The

acquired SAD PU is supplied from the BIO cost calculation
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unit 204 to the BIO application determination unit 205.
[0379]

In Step S711, the BIO application determination
unit 205 determines the BIO PU ON flag on the basis of
SAD PU>=BIO threshold PU. SAD PU is supplied from the BIO
cost calculation unit 204 and BIO threshold PU 1is
supplied from the inter prediction control unit 201.
After that, the processing proceeds to Step S714.

[0380]

In a case where it is determined in Step S709 that
the vPU number is not 1, the processing proceeds to Step
S712.

[0381]

In Step S712, the inter prediction control unit 201
determines whether or not the vPU number is O.

[0382]

In a case where it is determined in Step S709 that
the vPU number is 0, the processing proceeds to Step
S713.

[0383]

In Step S713, the inter prediction control unit 201
sets BIO PU ON. In the case of the encoding device 1,
BIO PU ON determined from a motion estimation (ME)
result, for example, is set. In the case of the decoding

device 101, BIO PU ON acquired from the stream is set.



109

[0384]

In a case where it is determined in Step S712 that
the vPU number is not 0, the processing skips Step S713
and proceeds to Step S714 of FIG. 31.

[0385]

In Step S714, it is determined whether or not the
BIO PU ON flag is 1.

[0386]

In a case where it is determined in Step S714 that
the BIO PU ON flag is not 1, the processing proceeds to
Step S715 since BIO is not effective to the entire PU.
[0387]

In Step S715, the Bi prediction block generation
unit 206 generates a Bi prediction block vPU from the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied
from the L1 prediction block generation unit 203. The
generated Bi prediction block vPU is stored in the buffer
and supplied from the Bi prediction block generation unit
206 to the Bi prediction block selection unit 208.

[0388]

Meanwhile, in a case where it is determined in Step
S714 that the BIO PU ON flag is 1, the processing
proceeds to Step S716.

[0389]
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In Step S716, the BIO processing-included Bi
prediction block generation unit 207 calculates a
plurality of gradients from the LO prediction block
supplied from the LO prediction block generation unit 202
and the L1 prediction block supplied from the L1
prediction block generation unit 203.

[0390]

As described above, when the BIO PU ON flag is
included in bitstreams, the operation of the encoding
device 1 and the operation of the decoding device 101 can
be shared.

[0391]

Note that, a deterioration in encoding efficiency
due to the inclusion of the flag in bitstreams is
concerned, and hence the BIO PU ON flag is not included
in all the layers, but is included only in a case where
PUs are larger than VPDUs so that the value of 1 bit is
relatively small. In a case where PUs are not larger than
VPDUs, as illustrated in Steps S709 to S713 of FIG. 30,
SAD values are calculated in units of PUs and whether to
apply BIO is determined as in the first embodiment.

[0392]

In a case where the BIO PU ON flag is included in

bitstreams, the encoding device 1 may freely set 0 or 1

to the BIO PU ON flag. When the encoding device 1 is a
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sufficiently high-performance device, a determination
method in which motion compensation is performed with
BIO PU ON flags of 0 and 1, and one of the BIO PU ON
flags that provides a favorable result is determined may
be employed. Further, a determination method in which the
BIO PU ON flag is set to 0O when the PU size is 128x128,
and is otherwise set to 1 may be employed.

[0393]

Meanwhile, in the decoding device 101, the
BIO PU ON flag is decoded on the PU layer of the CU in
the Bi prediction mode in which the PUs are larger than
the VPDUs so that, when the vPU number is 0, the
BIO PU ON flag is acquired in Step S713, and the
processing proceeds. In the vPUs having the vPU numbers
of 1 or larger, in which the BIO PU ON flags have already
been set, the processing skips Step S713 and proceeds
from Step S712 to Step S714.

[0394]

A method similar to the second embodiment described
above is applicable to FRUC and DMVR, but the application
of the second embodiment to FRUC or DMVR is mostly
pointless. This is because data for MV correction is
included in bitstreams substantially means that
difference MVs (MVDs) are encoded.

[0395]
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<3. Third Embodiment (Exemplary Partition with sPUs)>

In a third embodiment, a virtual partition size is
different from that of the first embodiment. In a case
where PUs are larger than VPDUs, the PU is virtually
partitioned into sPUs, and the processing is performed in
units of sPUs.

[0396]

That is, since a unit of the processing of
calculating SADs to determine whether to apply BIO is any
unit that does not cross over VPDU boundaries and is
equal to or smaller than the VPDU size, in the third
embodiment, a PU is virtually partitioned into plurality
of sPUs with separately given information, and whether to
apply BIO is determined for each sPU.

[0397]

To give the information, a variable such as
BIO MAX SAD BLOCK SIZE is added to and included in
bitstreams to be shared by the encoding device 1 and the
decoding device 101.

[0398]

FIG. 32 is a diagram illustrating the
correspondence between BIO MAX SAD BLOCK SIZE and sPU.
[0399]

In a case where BIO MAX SAD BLOCK SIZE is 1, the

sPU size is 8x8. 1In a case where BIO MAX SAD BLOCK SIZE
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is 2, the sPU size is 16x16. In a case where

BIO MAX SAD BLOCK SIZE is 3, the sPU size is 32x32. 1In a
case where BIO MAX SAD BLOCK SIZE is 4, the sPU size 1is
64x64.

[0400]

The value of BIO MAX SAD BLOCK SIZE may be set to
any value based on the performance of the encoding device
1, or may be determined in advance as a profile/level
constraint serving as a standard. There is a level
constraint that sets BIO MAX SAD BLOCK SIZE depending on
picture sizes to be handled, that is, sets
BIO MAX SAD BLOCK SIZE to 0 for SD or less, 1 for HD, 2
for 4K, and 3 for 8K, for example.

[0401]
<Operation Example of Inter Prediction Unit>

FIG. 33 and FIG. 34 are flowcharts illustrating, as
an operation example according to the third embodiment of
the present technology, BIO-included Bi prediction that
is performed by the inter prediction unit 51.

[0402]

Note that, in Steps S801 to S825 of FIG. 33 and
FIG. 34, processing basically similar to that in Steps
S401 to S425 of FIG. 17 and FIG. 18 is performed although
the vPU is replaced by the sPU different from the vPU in

size, and hence the description thereof, which is
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redundant, is appropriately omitted.
[0403]

FIG. 35 and FIG. 36 are diagrams illustrating
exemplary regions for calculating SADs in each PU in a
case where BIO MAX SAD BLOCK SIZE is 2.

[0404]

In the upper part of FIG. 35, there are illustrated
regions for calculating SADs for sPUs in a case where the
CU (PU) is 128x128, VPDU=64x64 holds, and
BIO MAX SAD BLOCK SIZE is 2 (sPU=32x32). In the case of
the upper part of FIG. 35, the PU is partitioned into 16
sPUs that do not cross over the VPDU boundaries.

[0405]

In the lower part of FIG. 35, there are illustrated
regions for calculating SADs for sPUs in a case where the
CU (PU) is 128x64, VPDU=64x64 holds, and
BIO MAX SAD BLOCK SIZE is 2 (sPU=32x32). 1In the case of
the lower part of FIG. 35, the PU is partitioned into
eight sPUs that do not cross over the VPDU boundaries.
[0406]

In the upper part of FIG. 36, there are illustrated
regions for calculating SADs for sPUs in a case where the
CU (PU) is 64x128, VPDU=64x64 holds, and
BIO MAX SAD BLOCK SIZE is 2 (sPU=32x32). 1In the case of

the upper part of FIG. 36, the PU is partitioned into
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eight sPUs that do not cross over the VPDU boundaries.
[0407]

In the lower part of FIG. 36, there are illustrated
regions for calculating SADs for sPUs in a case where the
CU (PU) 1is 64x64 or less, VPDU=64x64 holds, and
BIO MAX SAD BLOCK SIZE is 2 (sPU=32x32). In the case of
the upper part of FIG. 36, the PU is partitioned into
four sPUs that do not cross over the VPDU boundaries.
[0408]

As described above, in the third embodiment of the
present technology, a PU is virtually partitioned into a
plurality of sPUs with separately given information, and
whether to apply BIO is determined for each sPU. With
this, the buffer size can be further reduced as compared
to the buffer size in the case of by using vPUs.

[0409]
<4. Fourth Embodiment (Example in which Use of BIO Is
Prohibited)>

In a fourth embodiment, in a case where PUs are
larger than VPDUs, the use of BIO is constrained. With
this, the buffer size can be reduced.

[0410]
<Operation Example of Inter Prediction Unit>
FIG. 37 and FIG. 38 are flowcharts illustrating, as

an operation example according to the fourth embodiment
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of the present technology, BIO-included Bi prediction
that is performed by the inter prediction unit 51.
[0411]

In Steps S901 to S907 and S926 of FIG. 37 and FIG.
38, processing basically similar to that in Steps S401 to
S407 and S425 of FIG. 17 and FIG. 18 is performed, and
hence the description thereof, which is redundant, is
appropriately omitted. Further, in Steps S909 to S925 of
FIG. 37 and FIG. 38, processing basically similar to that
in Steps S304 to S320 of FIG. 15 and FIG. 16 is
performed, and hence the description thereof, which is
redundant, is appropriately omitted.

[0412]

In Step S907, the L1 prediction block generation
unit 203 generates an L1 prediction block in the region
of the vPU number.

[0413]

In Step S908, the inter prediction control unit 201
determines whether or not 1<the number of vPUs holds.
[0414]

In a case where it is determined in Step S908 that
1<the number of vPUs does not hold, the processing
proceeds to Step S909. In a case where the number of vPUs
is 1, that is, vPU=PU holds, the processing subsequent to

Step S909 is similar to the processing subsequent to Step
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S309 of FIG. 15.
[0415]

In a case where it is determined in Step S908 that
1<the number of vPUs holds, the processing proceeds to
Step S913 of FIG. 38.

[0416]

Further, in a case where it is determined in Step
S912 that the BIO vPU ON flag is not 1, the processing
proceeds to Step S913 since BIO is not effective to the
entire vPU.

[0417]

In Step S913, the Bi prediction block generation
unit 206 generates a Bi prediction block vPU from the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied
from the L1 prediction block generation unit 203. The
generated Bi prediction block vPU is stored in the buffer
and supplied from the Bi prediction block generation unit
206 to the Bi prediction block selection unit 208.

[0418]

As described above, in FIG. 37 and FIG. 38, between
Step S907 to S913, Step S908 is added as the conditional
branch step for determining whether or not there are a
plurality of vPUs, that is, whether or not a PU is larger

than a VPDU.



118

[0419]

In a case where the PU is larger than the VPDU, the
processing proceeds from Step S908 to normal Bi
prediction in Step S913 in which BIO is not used and SAD
value calculation for the entire PU is unnecessary, and
hence, as in FIG. 4, the PU can be partitioned into
virtual vPUs to be processed.

[0420]

The processing in Steps S909 to S925, which come
after the branch in Step S$S908, is similar to that in the
related-art BIO-included Bi prediction (S304 to S320 of
FIG. 15 and FIG. 16). However, the processing proceeds to
Step S909 in a case where the PU is equal to or smaller
than the VPDU, and hence SAD calculation for the entire
PU only uses a resource equal to or smaller than the
VPDU.

[0421]
<5. Fifth Embodiment (Example in which BIO Is Always
Applied) >

In a fifth embodiment, in a case where PUs are
larger than VPDUs, BIO is always applied so that the
buffer size is reduced.

[0422]
<Operation Example of Inter Prediction Unit>

FIG. 39 and FIG. 40 are flowcharts illustrating, as
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an operation example according to the fifth embodiment of
the present technology, BIO-included Bi prediction that
is performed by the inter prediction unit 51.

[0423]

In Steps S1001 to S1008 and S1026 of FIG. 39 and
FIG. 40, processing basically similar to that in Steps
S401 to S408 and S425 of FIG. 17 and FIG. 18 is
performed, and hence the description thereof, which is
redundant, 1s appropriately omitted. Further, in Steps
S1014 to S1025 of FIG. 39 and FIG. 40, processing
basically similar to that in Steps S309 to S320 of FIG.
15 and FIG. 16 is performed, and hence the description
thereof, which is redundant, is appropriately omitted.
[0424]

In Step S1008, the BIO cost calculation unit 204
calculates, in units of 4x4 in the vPU, the SAD of the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied
from the L1 prediction block generation unit 203. The
SADs calculated in units of 4x4 are accumulated so that
SAD 4x4 block that is the sum of the SADs is acquired.
[0425]

In Step S1009, the inter prediction control unit
201 determines whether or not 1<the number of vPUs holds.

[0426]
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In a case where it is determined in Step S1009 that
1<the number of vPUs does not hold, the processing
proceeds to Step S1010.

[0427]

In Step S1010, the BIO cost calculation unit 204
calculates, in units of PUs, the SAD of the LO prediction
image supplied from the LO prediction block generation
unit 202 and the L1 prediction image supplied from the L1
prediction block generation unit 203. The SADs calculated
in units of PUs are accumulated so that SAD PU that is
the sum of the SADs is acquired. The acquired SAD PU is
supplied from the BIO cost calculation unit 204 to the
BIO application determination unit 205.

[0428]

In Step S1011, the BIO application determination
unit 205 determines the BIO PU ON flag on the basis of
SAD PU>=BIO threshold PU. SAD PU is supplied from the BIO
cost calculation unit 204 and BIO threshold PU is
supplied from the inter prediction control unit 201.
[0429]

In Step S1012, it is determined whether or not the
BIO_PU ON flag is 1.

[0430]
In a case where it is determined in Step S1012 that

the BIO PU ON flag is not 1, the processing proceeds to
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Step S1013 of FIG. 40 since BIO is not effective to the
entire vPU.
[0431]

In Step S1013, the Bi prediction block generation
unit 206 generates a Bi prediction block vPU from the LO
prediction image supplied from the LO prediction block
generation unit 202 and the L1 prediction image supplied
from the L1 prediction block generation unit 203. The
generated Bi prediction block vPU is stored in the buffer
and supplied from the Bi prediction block generation unit
206 to the Bi prediction block selection unit 208.

[0432]

In a case where it is determined in Step S1012 that
the BIO PU ON flag is 1, the processing proceeds to Step
S1014 of FIG. 40.

[0433]

Further, in a case where it is determined in Step
S1009 that 1<the number of vPUs holds, the processing
proceeds to Step S1014.

[0434]

In Step S1014 and the later steps, BIO processing
similar to that in Steps S309 to S320 of FIG. 15 is
performed.

[0435]

As described above, in FIG. 39 and FIG. 40, in Step
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S1009, the conditional branch for determining whether or
not there are a plurality of vPUs, that is, whether or
not a PU is larger than a VPDU is added.

[0436]

In a case where the PU is larger than the VPDU, the
processing bypasses the SAD calculation to the threshold
determination in S1010 to S1012 to proceed to the BIO
application processing in Step S1014 and the later steps
so that SAD calculation for the entire PU is not
necessary, and hence, as in FIG. 4, the PU can be
partitioned into virtual vPUs to be processed.

[0437]

The processing proceeds to Step S1010 to S1012 in a
case where the PU is equal to or smaller than the VPDU,
and hence SAD calculation for the entire PU only uses a
resource equal to or smaller than the VPDU.

[0438]

Note that, the fifth embodiment is not applicable
to FRUC and DMVR because of the following reason. Since
SAD calculation in BIO is for the purpose of early
termination, the cost calculation can be avoided with
another criterion such as the PU size as in the fifth
embodiment. Cost calculation in FRUC and DMVR is,
however, key processing in MV correction, and is

difficult to avoid.
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[0439]

As described above, according to the present
technology, a unit of processing in calculation of a cost
that is used for determining whether to perform
bidirectional prediction such as BIO or not is
partitioned into partitioned processing units each of
which corresponds to the VPDU size (for example, VvPU) or
is equal to or smaller than the VPDU size (for example,
sPU), and the determination is made by using the cost
calculated on the basis of the partitioned processing
units. With this, the buffer size can be reduced.

[0440]

VVC can be implemented with BIO so that the
necessary sizes of the various buffers can be reduced to
1/4 of the related-art buffer sizes.

[0441]

Further, the HW configuration can be optimized so
that BIO can be implemented with the buffers, some of
which have sizes greatly smaller than 1/4 of the related-
art sizes.

[0442]
<6. Sixth Embodiment (Computer)>
<Configuration Example of Computer>
The series of processing processes described above

can be executed by hardware or software. 1In a case where
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the series of processing processes is executed by
software, a program configuring the software is installed
on a computer incorporated in dedicated hardware or a
general-purpose personal computer from a program
recording medium.

[0443]

FIG. 41 is a block diagram illustrating a
configuration example of the hardware of a computer
configured to execute the above-mentioned series of
processing processes with the program.

[0444]

A CPU (Central Processing Unit) 301, a ROM (Read
Only Memory) 302, and a RAM (Random Access Memory) 303
are connected to each other through a bus 304.

[0445]

An input/output interface 305 is further connected
to the bus 304. The input/output interface 305 is
connected to an input unit 306 including a keyboard, a
mouse, or the like and an output unit 307 including a
display, a speaker, or the like. Further, the
input/output interface 305 is connected to a storage unit
308 including a hard disk, a non-volatile memory, or the
like, a communication unit 309 including a network
interface or the like, and a drive 310 configured to

drive a removable medium 311.
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[0446]

In the computer configured as described above, for
example, the CPU 301 loads the program stored in the
storage unit 308 into the RAM 303 through the
input/output interface 305 and the bus 304 and executes
the program to perform the series of processing processes
described above.

[0447]

The program that is executed by the CPU 301 can be
recorded on the removable medium 311 to be installed on
the storage unit 308, for example. Alternatively, the
program can be provided via a wired or wireless
transmission medium such as a local area network, the
Internet, or digital satellite broadcasting to be
installed on the storage unit 308.

[0448]

Note that, as for the program that is executed by
the computer, the processing processes of the program may
be performed chronologically in the order described
herein or in parallel. Alternatively, the processing
processes may be performed at appropriate timings, for
example, when the program is called.

[0449]
Note that, a system herein means a set of plural

components (devices, modules (parts), or the like), and
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it does not matter whether or not all the components are
in the same housing. Thus, plural devices that are
accommodated in separate housings and connected to each
other via a network, and a single device in which plural
modules are accommodated in a single housing are both
systems.

[0450]

Note that, the effects described herein are only
exemplary and not limited, and other effects may be
provided.

[0451]

The embodiment of the present technology is not
limited to the embodiments described above, and wvarious
modifications can be made without departing from the gist
of the present technology.

[0452]

For example, the present technology can be
implemented as cloud computing in which a single function
is shared and processed by plural devices via a network.
[0453]

Further, the steps of the flowcharts described
above may be executed by a single device or shared and
executed by plural devices.

[0454]

Further, in a case where plural processing
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processes are included in a single step, the plural
processing processes included in the single step can be
executed by a single device or shared and executed by
plural devices.

[0455]

<Combination Examples of Configurations>

The present technology can also take the following
configurations.
(1)

An image processing device including:

a control unit configured to partition a unit of
processing into partitioned processing units each of
which corresponds to a VPDU size or is equal to or
smaller than the VPDU size, the unit of processing being
used for calculation of a cost that is used for
determining whether or not to perform bidirectional
prediction; and

a determination unit configured to make the
determination by using the cost calculated based on the
partitioned processing units.

(2)

The image processing device according to Item (1),
in which

the determination unit makes the determination by

using the cost calculated by each of the partitioned
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processing units.
(3)

The image processing device according to Item (1),
in which

the determination unit makes, by using the cost
calculated for a first one of the partitioned processing
units, the determination on the first one of the
partitioned processing units, and makes the determination
on another of the partitioned processing units by using a
result of the determination on the first one of the
partitioned processing units.
(4)

The image processing device according to Item (1),
in which

the determination unit makes the determination by
each of the partitioned processing units by using the
cost calculated for each of partial regions in the
partitioned processing units.
(5)

The image processing device according to Item (1),
in which

the determination unit makes the determination by
each of the partitioned processing units based on a flag
set to each of the partitioned processing units, the flag

indicating whether or not to perform the bidirectional



129

prediction.
(6)

The image processing device according to any one of
Items (1) to (5), in which

the bidirectional prediction includes the
bidirectional prediction employing BIO.
(7)

The image processing device according to Item (1)
or (2), in which

the bidirectional prediction includes the
bidirectional prediction employing FRUC or DMVR.
(8)

An image processing method for causing an image
processing device to:

partition a unit of processing into partitioned
processing units each of which corresponds to a VPDU size
or is equal to or smaller than the VPDU size, the unit of
processing being used for calculation of a cost that is
used for determining whether or not to perform
bidirectional prediction; and

make the determination by using the cost calculated
based on the partitioned processing units.
[Reference Signs List]
[0456]

1: Encoding device
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36: Lossless encoding unit

47: Motion prediction/compensation unit

51: Inter prediction unit

101: Decoding device

132: Lossless decoding unit

201: Inter prediction control unit

202: LO prediction block generation unit

203: L1 prediction block generation unit

204: BIO cost calculation unit

205: BIO application determination unit

206: Bi prediction block generation unit

207: BIO processing-included Bi prediction block
generation unit

208: Bi prediction block selection unit

209: Prediction block selection unit
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[CLAIMS]
[Claim 1]

An image processing device comprising:

a control unit configured to partition a unit of
processing into partitioned processing units each of
which corresponds to a VPDU size or is equal to or
smaller than the VPDU size, the unit of processing being
used for calculation of a cost that is used for
determining whether or not to perform bidirectional
prediction; and

a determination unit configured to make the
determination by using the cost calculated based on the
partitioned processing units.

[Claim 2]

The image processing device according to claim 1,
wherein

the determination unit makes the determination by
using the cost calculated by each of the partitioned
processing units.

[Claim 3]

The image processing device according to claim 1,
wherein

the determination unit makes, by using the cost
calculated for a first one of the partitioned processing

units, the determination on the first one of the
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partitioned processing units, and makes the determination
on another of the partitioned processing units by using a
result of the determination on the first one of the
partitioned processing units.
[Claim 4]

The image processing device according to claim 1,
wherein

the determination unit makes the determination by
each of the partitioned processing units by using the
cost calculated for each of partial regions in the
partitioned processing units.
[Claim 5]

The image processing device according to claim 1,
wherein

the determination unit makes the determination by
each of the partitioned processing units based on a flag
set to each of the partitioned processing units, the flag
indicating whether or not to perform the bidirectional
prediction.
[Claim 6]

The image processing device according to claim 1,
wherein

the bidirectional prediction includes the
bidirectional prediction employing BIO.

[Claim 7]
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The image processing device according to claim 1,
wherein

the bidirectional prediction includes the
bidirectional prediction employing FRUC or DMVR.
[Claim 8]

An image processing method for causing an image
processing device to:

partition a unit of processing into partitioned
processing units each of which corresponds to a VPDU size
or is equal to or smaller than the VPDU size, the unit of
processing being used for calculation of a cost that is
used for determining whether or not to perform
bidirectional prediction; and

make the determination by using the cost calculated

based on the partitioned processing units.



