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DESCRIPTICN

IMAGE PROCESSING DEVICE AND METHOD

TECHNICAL FIELD
[0001]

The present disclosure relates to an image
processing device and an image processing method, and
more particularly, to an image processing device and an
image processing method capable of improving the coding

efficiency in multi-viewpoint coding.

BACKGROUND ART
[0002]

In recent vears, image information is handled as
digital data, and, for the purpcse of transmission and
accunulation of the information having high-efficiency at
that time, devices are widely used which compress and
code images by employing a coding system compressing
image information through an orthogonal transform such as
a discrete cosine transform and motion compression by
using the redundancy that is unigque to the image
information. 2As examples of such a coding system, there
are MPEG (Moving Picture Experts Group), H.264, MPEG-4
Part 10 {(Advanced Videc Coding, hereinafter, referred to
as AVC), and the like.

[00C3]

Currently, for the purpose of further improving the
coding efficiency to be higher than that of H.264/AVC,
standardization of a coding system called high efficiency
video coding (HEVC) has been progressed by a joint

collaboration team - video coding (JCTVC) that is a joint
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standardization organization of the ITU-T and the ISO/IEC.
In additicon, as an extension thereof, standardization of
coding of a multi-viewpoint image has been progressed in
parallel therewith, and as a draft for ceding a multi-
viewpoint image, Non~Patent Document 1 has been issued.
[0004]

Meanwhile, a reference list that is a list in which
candidates for a reference image used for decoding a B
plicture are aligned in a preferential order is
sequentially generated from the start of reference images
aligned in a preferential order in a temporal list that
is a temporary list.

[0005]

In Non-Patent Document 1, the temporal list is
generated such that, after reference images disposed in
the time direction, reference images disposed in the view
direction are arranged. Thus, in order to raise the
preferential order of the reference images dispcsed in
the view direction within the temporal list, unless a
reference list command is used, it is difficult to
arrange the reference images disposed in the view
direction in the reference list, and accordingly, it is
difficult to refer to the reference images disposed in
the view direction.

[0006]

Thus, in Non-Patent Document 2, i1t is proposed to
Lransmit informaticn designating a position at which a
reference image disposed in the view direction is
inserted ameng a plurality of reference images disposed
in the time direction using a slice header when a

temporal list is generated. Accordingly, in
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consideration of a view-direction correlation, a
reference image disposed in the view direction can be

inserted at a preferable position in the temporal list.

CITATION LIST

NON~PATENT DOCUMENT

[0007]

Non~Patent Document 1: Gerhard Tech, Krzysztof Wegner,
Ying Chen, Miska Hannuksela, “MV-HEVC Draft Text2”,
JCT3V-BL0O04, 20612,11,07

Non~-Patent Document 2: Li Zhang, Ying Chen, Jewon Kang,

“AHGS: MV-Heve scoftware Ffor HTM”, JCT3V-B0046, 2012,10,07

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008]

However, in the technclogy disciosed in Non-Patent
Document 2, also when it is not necessary to change the
insertion position of the reference image disposed in the
view direction in the temporal list, the slice header
needs to be transmitted, and there is concern that the
coding efficiency may decrease.

[CGCE]

The present discleosure is in view of such a
situation and 1s capable of improving the coding
efficiency in hierarchical coding or multi-viewpoint

coding.

SOLUTIONS TO PROBLEMS
(00107

According to an aspect of the present disclosure,
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there is provided an image processing device including: a
decoding unit that generates an image by decoding a bit
stream; a reference list setting unit that sets a
reference list being referred to when the image generated
by the decoding unit is predicted by inserting a
reference image that can be referred to in a layer
direction between a plurality of reference images that
can be referred to in a time direction; and & prediction
unit that predicts the image generated by the decoding
unit by referring to the reference list set by the
reference list setting unit.

[C011]

The above-described reference list setting unit may
set the reference list by inserting the reference image
that can be referred tc in the layer direction between a
reference image lccated before the image in time and a
reference image located after the image in time among the
plurality of reference images that can be referred tce in
the time direction.

(00121

The above-described reference list setting unit may
set. the reference list by arranging images in a direction
LO in order of reference images located before the image
in time, the reference image that can be referred to in
the layer direction, and reference images located after
the image in time.

[0013]

The above-described reference list setting unit may
set the reference list by arrvanging images in a direction
L1l in order of reference images located after the image

in time, the reference image that can be referred to in
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the layer direction, and reference images located before
the image in time.
[0014]

The above-described reference list setting unit may
set the reference list by alternately arranging the
reference image that can be referred to in the time
direction and the reference image that can be referred to
in the layer direction.

[0015]

The above-described reference list setting unit may
set the reference list by alternately arranging an
element of a list of the reference images that can be
referred to in the time direction set in order of the
reference images located before the image in time and the
reference images located after the image in time and an
element of a list of the reference images that can be
referred to in the layer direction, which is configured
by the reference images that can be referred to in the
layer direction, in a direction LO.

{00le]

The above-described reference list setting unit may
set the reference list by alternately arranging an
element of a list of the reference images that can be
referred to in the time direction set in order of the
reference images located after the image in time and the
reference images located before the image in time and an
element of a list of the reference images that can be
referred to in thé layer direction, which is configured
by the reference images That can be referred o in the
layer direction, in a direction L1.

[GO17]
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The above-described reference list setting unit may
set the reference list by inserting the reference images
that can be referred to in the layer directiocon in a
direction L1 with order of the reference image that can
be referred to in the layer direction being opposite to
that of the case of a direction LO.

[0018]

The above~described reference list setting unit may
include: a temporal list setting unit that sets a
temporal list that is a temporary list used for setting
the reference list by inserting the reference image that
can be referred to in the layer direction between the
plurality of reference images that can be referred to in
the time direction; and a reference image list setting
unit that sets the reference list based on the temporal
list set by the temporal list setting unit.

[001%]

According to an aspect of the present disclosure,
there is provided an image processing method implemented
in an image processing device. The image processing
method includes: generating an image by decoding a bit
stream; setting a reference list being referred to when
the generated image i1s predicted by inserting a reference
image that can be referred tc in a layer direction
between a plurality of reference images that can be
referred to in a time direction; and predicting the
generated image by referring to the set reference list.
[0020]

According to another aspect of the present
disclosure, there 1s provided an image processing device

including: a reference list setting unit that sets a
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reference list being referred tc when an image is
predicted by inserting a reference image tThat can be
referred to in a layer direction between a plurality of
reference images that can be referred to in a time
direction; a prediction unit that predicts the image by
referring to the reference list set by the reference list
setting unit; and an encoding unit that generates a bit
stream by performing coding using the image predicted by
the prediction unit.

[0021]

The above-described reference list setting unit may
set the reference list by inserting the reference image
that can be referred to in the laver directiocn between a
reference image located before the image in time and a
reference image located after the image in time among the
plurality of reference images that can be referred to in
the time direction.

[0022]

The above-described reference list setting unit may
set the reference list by arranging images in a direction
LO in order of reference images located before the image
in time, the reference image that can be referred to in
the layer direction, and reference images located after
the image in time.

[0023]

The above-described reference list setting unit may
set the reference 1list by arranging images in a direction
Ll in order of reference images located after the image
in time, the reference image that can be referred to in
the layer direction, and reference images located before

the image in time.
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[0024]

The above-described reference list setting unit may
set the reference list by alternately arranging the
reference image that can be referred to in the time
direction and the reference image that can be referred to
in the layer direction.

[0025]

The above-described reference 1ist setting unit may
set the reference list by alternately arranging an
element of a list of the reference images that can be
referred to in the time direction set in order of the
reference images located before the image in time and the
reference images located aftrer the image in time and an
elementrof a list of the reference images that can be
referred to in the layer direcition, which is configured
by the reference images that can be referred to in the
layer direction, in a direction LO.

[0026]

The above~described reference list setting unit may
set the reference list by alternately arranging an
element of a list of the reference images that can be
referred to in the time direction set in order of the
reference images located after the image in time and the
reference images located before the image in time and an
element of a list of the reference images that can be
referred to in the layer direction, which is configured
by the reference images that can be referred to in the
layer direction, in a direction L1.

(0027}
The above-described reference list setting unit may

set the reference list by inserting the reference images



10

15

20

30

SP351692W000

that can be referred to in the laver direction in a
direction L1 with order of the reference image that can
be referred to in the laver direction being opposite to
that of the case of a direction L0.
[0028]

The above-described reference list setting unit may

include: a temporal list setting unit that sets a

“temporal list that is a temporary list used for setting

the reference list by inserting the reference image that
can be referred to in the layer direction between the
plurality of reference images that can be referred to in
the time direction; and a reference image list setting
unit that sets the reference list based on the temporal
list set by the temporal list setting unit.

[0029]

According to ancther aspect of the present
disciosure, there is provided an image processing method
implemented in an image processing device. The image
processing method includes: setting a reference list
being referred to when an image is predicted by inserting
a reference image that can be referred to in a layer
direction between a plurality of reference images that
can be referred to in a time direction; predicting the
image by referring to the set reference list; and
generating a bit stream by performing coding using the
predicted image.

[0C30]

According to an aspect of the present disclosure,
an image is generated by deccding a bit stream, and a
reference list being referred to when the image generated

is predicted is set by inserting a reference image that
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can be referred to in a layer direction between a
plurality of reference images that can be referred to in
a time direction. Then, the generated image is predicted
by referring to the set reference list.

[0021]

According to another aspect of the present
disclosure, a reference list being referred to when an
image is predicted is set by inserting & reference image
that can be referred to in a laver direction between a
plurality of reference images that can be referred to in
a time direction. Then, the image is predicted by
referring to the set reference list, and a bit stream is
generated by performing coding using the predicted image.
100323

Here, the above-described image processing device
may be an independent device or an internal block that
configures one image encoding device or image decoding

device.

EFFECTS OF THE INVENTION
[0033]

According to an aspect of the present disclosure,
an image can be decoded. Particularly, the coding
efficiency can be improved.

[0034)

According to another aspect of the present

disclosure, an image can be coded. Particularly, the

coding efficiency can be improved.

BRIEEF DESCRIPTICN OF DRAWINGS
[0035]
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Fig. 1 is a block diagram that illustrates an
example of the main configuration of an image encoding
device.

Fig. 2 is an explanatory diagram that illustrates
an example of the structure of reference images.

Fig. 3 is a diagram that illustrates an example of
a conventional method of generating a reference list.

Fig. 4 is a diagram that illustrates another
example of a conventional method of generating a
reference list.

Fig. 5 is a diagram that illustrates an example of
a method of generating a reference list according to the
present technology.

Fig. 6 is a diagram that illustrates another
example of a method of generating a reference list
according to the present technology.

Fig. 7 is a diagram that i1llustrates a comparison
between the present technology and a conventional
technology.

Fig. 8 is a diagram that illustrates the
arrangement order of inter-view images according to the
present technology.

Fig. 9 is a diagram that illustrates & method of
changing the arrangement order of inter-view imageas
according to the present technology.

Fig. 10 is a block diagram that illustrates an
example of the configuration of a reference list
generating unit illustrated in Fig. 1.

Fig. 11 is a flowchart that illustrates an example
of the flow of a coding process.

Fig. 12 is a flowchart that illustrates an example
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of the flow cof a reference list generating process.

Fig.
example of
process.

Fig.
example of
device.

Fig.
example of
generating

Fig.

13 is a flowchart that i1llustrates ancther

the flow of the reference list generating

14 is a block diagram that illustrates an

the main configuration of an image decoding

15 is a block diagram that illustrates an
the configuraticn of a reference list
unit illustrated in Fig. 14.

16 is a flowchart that illustrates an example

of the process of a decoding process,.

Fig.

17 is a flowchart that illustrates an example

of the flow of a reference list generating process.

Fig.
example of
process,

Fig.
example of
device.

Fig.
example of
device.

Fig.
example of

Fig.
example of
apparatus.

Fig.
example of

Fig.

18 is a Tlowchart that illustrates another

the flow of the reference list generating

19 is a block diagram that illustrates another

the main configuration c¢f an image encoding

20 is a block diagram that illustrates another

the main configuration of an image decoding

21 is a block diagram that illustrates an
the main configuration of a computer.
22 is a block diagram that illustrates an
the schematic configuration of a television
23 is a block diagram that illustrates an
the schematic configuration of a mobile phone.

24 1is a block diagram that illustrates an
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example of the schematic configuration of a
recording/reproducing apparatus.

Fig. 25 is a block diagram that illustrates an
example of the schematic configuraticn of an imaging
apparatus.

Fig. 26 is a block diagram that illustrates an
example of the schematic configuraticon of a video set.

Fig. 27 is a block diagram that illustrates an
example of the schematic configuraticn of a video
Processor.

Fig. 28 is a block diagram that illustrates ancther
example of the schematic configuration of the video

processor.

MODE FOR CARRYING OUT THE INVENTION
[0036]

Hereinafter, empbodiments for executing the present
disclosure (hereinafter, referred to as embodiments) will
be described. The description will be presented in the
following order.

1. First Embodiment (Image Encoding Device)

2. Second Embeodiment {(Image Decoding Device)

3. Third Embodiment (Image Encoding Device and
Image Decoding Device of an AVC System)

4. Fourth Embodiment (Computer)

5. Application Example

6. Fifth Embodiment (Set/Unit/Module/Processor)
{C037]
<First Embodiment>
[Description of Hierarchical Coding]

The image coding systems such as MPEGZ and AVC
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described until now have a scalability function.
Scalable coding (hierarchical coding) is a system in
which an image 1s configured by multiple layers
{(hierarchizing}, and coding is performed for each layer.
[oo3g]

In hierarchizing an image, one image is divided
into a plurality of images {layers) by referring to a
predetermined parameter. BRasically, each layer is
configured by differential data so as to reduce the
redundancy. For example, in a case where one image is
hierarchized into two layers including a base layer and
an enhancement layer, an image having a quality lower
than the original image is acquired by using only the
data of the base lavyer, and the original image (in other
words, a high-guality image) 1s acquired by composing the
data of the base layer and the data of the enhancement
laver.

[0039]

By hisrarchizing the image in this way, images of
various gqualities can be easily acquired according to the
situation. For example, as in a case where, to a
terminal having a low processing capability such as a
mobile phone, image compression information of oniy a
base layer 1s transmitted, and a moving image having low
spatial /temporal resolution or a low image guality is
reproduced, and, to a terminal having a high processing
capability such as a television set or a personal
computer, limage compression informaition of an enhancement
layer in addition to the base layer is transmitted, and a
moving image having high spatial/temporal resolution or a

high image guality is reproduced, the image compression
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informaticon according to the capability of the terminal
or the network can be transmitted from & server without
performing trans-code processing.

10040]

As a parameter enabling such scalability, for
example, there is spatial resclution (spatial
scalability). In the case of this spatial scalability,
the resclution is different for each layer. In other
words, each plcture is hierarchized into two hierarchies
of the base layer having spatial resolution lower than
the original image and the enhancement layer that can be
used for acquiring the original image (original spatial
resolution} by being composed with the image of the base
layey. It is apparent that the number cf hierarchies is
an example, and the picture can be hierarchized intc an
arbitrary number of hierarchies.

[0041}

As another parameter having such scalability, for
example, there 1s temporal resolution (temporal
scalabiiity). In the case cf this temporal scalability,
the frame rate is different for each lavyer. In other
words, in this case, since an image is hierarchized into
layers having mutually-different frame rates, by adding a
laver of a high frame rate to a lavyer of a low frame rate,
a moving image having a higher frame rate can be acguired,
and, by adding all the lavers, the original moving image
{the original frame rate) can be acguired. Here, the
number ¢f hierarchies is an example, and the image can be
hierarchized for an arbitrary number of hierarchies.
[0042]

In additicn, as another parameter enabling such
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scalability, for example, a signal to noise ratic {SNR)
may be applied (SNR scalability). In the case of this

SNR scalability, the SN ratioc is different for each lavyer.
In other words, each picture is hierarchized intc two
hierarchies including a base layer having an SNR lower
than the original image and an enhancement layer capable
cf acquiring the original image (original SNR) by being
composed with an image of the base layer. In other words,
in the base layer image compression information,
information relating to an image having a low PSNR 1is
transmitted, and, by adding enhancement layer image
compression information therete, an image having a high
PSNR can be rebuilt. It is apparent that the number of
hierarchies is an example, and the image can be
hierarchized for an arbitrary number of hierarchies.
(06431

It is apparent that a parameter having the
scalability may be cther than those of the examples
described above. For example, there is bit-depth
scalability in which a base layer is configured by an 8-
bit image, and, by adding an enhancement layer thereto,
an image of 10 bits is acqguired.

[0044]

In addition, there 1s chroma scalability in which a
base layer is configured by a component image of the
4:2:0 format, and a component image of the 4:2:2 format
is acguired by adding an enhancement layer thereto.

[0045]

Furthermore, as a parameter enabling the

scalability, there is a multiview. 1In this case, each

picture is hierarchized into layers of mutually-different



10

15

20

25

30

17
SP351692WC00

views {viewpoclints).
[0046]

The layer described in this embodiment includes the
spatial, the temporal SNR, the bit depth, the color, the
view, and the like o©of the scalability coding described
above,

[0C47]

The term “layer” used in this specification
includes each layer of the scalable (hierarchical) coding
described above and each view at the time of considering
multiviews of the multi-viewpoints.

(0048}

Hereinafter, while the view will be described as an
example, by substituting the view with ancother laver, the
present technolcgy can be similarly applied to the other
layers described above.

[0049]
[Configuration Example of Image Encoding Device]

Fig. 1 illustrates of the configuratiocn of an image
encoding device according to an embodiment as an image
processing device to which the present disclosure is
applied.

[0050]

An image encoding device 100 illustrated in Fig. 1
codes 1image data by using a prediction process. Here, as
the coding system, for example, the HEVC system or the
like is used. In other words, the image encoding device
100 performs the process in units of CUs {(coding units).
[0051]

In the example 1llustrated in Fig. 1, the image

encoding device 100 includes: an A/D (analog/digital)
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converter 101; a screen rearrangement buffer 102; a
calculation unit 103; an orthogonal transform unit 104; a
quantization unit 105; a lossless encoding unit 106; and
an accumuiation buffer 107. In addition, the image
enceding device 100 includes: an inverse gquantization
unit 108; an inverse orthogonal transform unit 109; a
calculation unit 110; a deblocking filter 111; a decoded
picture buffer 112; a selection unit 113; an intra
prediction unit 114; a motion parallax
prediction/compensation unit 115%; a selection unit 116;
and & rate contreol unit 117.

(00521

Furthermore, the image encoding device 100
includes: a syntax processing unit 121; a reference list
generating unit 122; an adaptable offset filter 123; and
an adaptive loop filter 124.

{0053}

The A/D converter 101 performs A/D conversion of
input image data and outputs resultant image data to the
screen rearrangement buffer 102 sc as to be stored
therein.

(00541

The screen rearrangement buffer 102 rearranges
stored images, which are in display order of frames, in
order of frames for ccding in accordance with a group of
picture {GOP). The screen rearrangément buffer 102
supplies the image of which the order of frames has been
rearranged to the syntax processing unit 121.

100551
The syntax processing unit 121 sequentially checks

the data of an image read from the screen rearrangement
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puffer 102 and inserts header information, which is
supplied from a previous stage not illustrated in the
figure, into the data of the image. The header
information, for example, includes a video parameter set
(VPS), a2 sequence parameter set (8PS}, a picture
parameter set (PPS), and the like. In addition, the
syntax processing unit 121 adds a slice header (SH) to
the start of a slice.

[0056]

The syntax processing unit 121 supplies the image
into which the header information and the like are
inserted to the calculation unit 103, the intra
prediction unit 114, and the motion parallax
prediction/compensation unit 115. In addition, the
syntax processing unit 121 supplies each header
information and information such as the slice header to
the reference list generating unit 122.

[0057]

The calculation unit 103 subtracts a predicted
image supplied from the intra prediction unit 1i4 or the
moticon parallax prediction/compensation unit 115 from an
image supplied from the syntax processing unit 121
through the selection unit 116 and ocutputs differential
information thereof to the orthogonal transform unit 104.
[0058]

For example, in the case of an image for which
intra coding is performed, the calculation unit 103
subtracts the predicted image supplied from the intra
prediction unit 114 from the image supplied from the
syntax processing unit 121. On the cther hand, for

example, in the case of an image for which inter coding
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is performed, the calculation unit 103 subtracts the
predicted image supplied from the motion parallax
prediction/compensation unit 115 from the image supplied
from the syntax processing unit 121.

[10059]

The orthogonal transform unit 104 perfcrms an
orthogenal transform such as a discrete cosine transform
or a Karhunen-Loeve transform for the differential
information supplied from the calculation unit 103, and
supplies a transform coefficient thereof to the
guantization unit 105.

(00601

The quantization unit 105 performs quantization cf
the transform coefficient the orthogonal transform unit
104 outputs. The guantization unit 105 supplies the
gquantized transform ccefficient tc the lossless encoding
unit 106.

[0061]

The lossless encoding unit 106 performs lossless
coding such as wvariable-length coding or arithmetic
coding for the quantized transform coefficient.

[0062]

The lossless encoding unit 106 acguires information
representing an intra prediction mode and the like from
the intra pradiction unit 114 and acquires information
representing an inter prediction mode, motion vector
information, and the like from the motion parallax
prediction/compensation unit 115.

[0063]
The lossless encoding unit 106 codes the gquantized

cransform coefficient and sets the intra prediction mode
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informaticn, the inter prediction mode information, the
motion vector informaticn, and the guantization parameter
as a part of the header information of the coded data
(mulitiplexing). The lossless encoding unit 106 supplies
the coded data acquired by the coding process to the
accumulation buffer 107 so as to be accumulated therein.
[0064]

For example, the lossiess encoding unit 106
performs a lossless coding process such as a variable-—
length coding process or an arithmetic coding process.

As the variable-length coding, for example, there is a
context-adaptive variable length coding (CAVLC) or the
like. As the arithmetic coding, for example, there is
context-adaptive binary arithmetic coding (CABAC) or the
like.

[0065]

The accumulation buffer 107 temporarily stores the
coded data supplied from the lossless encoding unit 106
and outputs the stored coded data at predetermined timing,
for example, to an image decoding device disposed on a
later stage, a recording device, a transmission line, and
the like not illustrated in the figure as a coded image
that has been coded.

(0066}

In addition, the transform coefficient quantized by
the gquantization unit 105 is supplied also to the inverse
guantization unit 108. The inverse guantization unit 108
performs inverse guantization of the gquantized transform
coefficient by using a method corresponding to the
gquantization process performed by the guantization unit

135, The inverse gquantization unit 108 supplies the
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acguired transform coefficient to the inverse orthogonal
transform unit 109.
[0G67]

The inverse orthogonal transform unit 109 performs
an inverse orthogonal transform of the supplied transform
coefficient by using a method corresponding to the
orthogonal transform process performed by the corthogonal
transform unit 104. An output (the differential
information that is restored) for which the inverse
orthogonal transform has been performed is supplied to
the calculation unit 110.

10068]

The calculation unit 110 adds the predicted image
supplied from the intra prediction unit 114 or the motion
parallax prediction/compensation unit 115 through the
selection unit 116 to a result cf the inverse corthogonal
transfcrm that 1s supplied from the inverse orthogonal
transform unit 109, in other words, the restored
differential information, thereby acquiring a locally-
decoded image {(decoded image).

[0069]

For example, in a case where the differential
information corresponds to an image for which the intra
coding process is performed, the calculation unit 110
adds the preadicted image supplied from the intra
prediction unit 114 to the differential information. In
addition, for example, in a case where the differential
information corresponds to an image for which the inter
coding process is performed, the calculation unit 110
adds the predicted image supplied from the motion

parallax prediction/compensation unit 115% to the



10

ib

20

Z5

30

23
SP351692W000

differential information.
100701

The result of the addition is supplied to the
deblocking filter 111 and the decoded picture buffer 112.
[0071]

The debklocking filter 111 appropriately performs a
deblocking filter process, thereby eliminating a block
distortion of the decoded image. The deblocking filter
111 supplies a result of the filter process to the
adaptive offset filter 123.

[0072]

The adaptive offset filter 123 performs an adaptive
offset filter (SAQ: Sample adaptive offseit) process,
which mainly eliminates ringing, for the image after the
deblocking filter process performed by the deblocking
filter 111.

100733

Described in more detail, the adaptive offset
filter 123 determines the type cof an adaptive offset
filter process for each largest coding unit (LCU) that is
a maximal encoding unit and acquires an cifset used in
the adaptive offset filter process. The adaptive cffset
filter 123 performs the adaptive offset filter process of
the determined type for the image after the adaptive
deblocking filter process by using the acquired offset,
Then, the adaptive offset filter 123 supplies the image
after the adaptive offset filter process to the adaptive
loop filter 124.

[0074]
In addition, the adaptive offset filter 123

includes a butter in which the offset is stored. The
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adaptive offset filter 123 determines whether or not the
offset used in the adaptive deblocking filter process has
already been stcored in the buffer for each LCU.

[06751

In a case where it is determined that the offset
used in the adaptive deblocking filter process has
already been stored in the buffer, the adaptive cffset
filter 123 sets a storage flag, which represents whether
the offset is stored in the buffer, to a value (here,

“1”) representing that the offset is stored in the buffer.
100761

Then, the adaptive offset filter 123 supplies the
storage flag set tco “1”, an index that represents a
storage position of the coffset in the buffer, and type
information that represents the type of the performed
adaptive offset filter process to the lossless encoding
unit 106 for each LCU.

[G077]

On the other hand, in a case where it is determined
that the offset used in the adaptive deblocking filter
process has not been stored yet in the buffer, the
adaptive offset filter 123 sequentially stores the offset
in the buffer. In addition, the adaptive offset filter
123 sets the storage flag to a value (here, “07)
representing that the offset i1s not stored in the buffer.
Then, the adaptive offset filter 123 supplies the storage
flag set to 07, the offset, and the type information to
the lossless encoding unit 106 for each LCU.

(00781
The adaptive loop filter 124 performs an adaptive

loop filter (ALF) process for the image after the
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adaptive offset filter process, which is supplied from
the adaptive offset filter 123, for example, for esach LCU.
As the adaptive loop filter process, for examplie, a
process using a two-dimensional Weiner filter is used.

I+t is apparent that a filter other than the Wiener filter
may be used.

[0079]

More specifically, the adaptive loop filter 124,
for each LLCU, calculates a filter ccefficient used in the
adaptive loop filter process such that a residual between
the original image that is the image ocutput from the
syntax processing unit 121 and the image after the
adaptive loop filter process is minimal. Then, the
adaptive loop filter 124 performs an adaptive loop filter
process by using the calculated filter coefficient for
the image after the adaptive offset filter process for
each LCU.

[0080]

The adaptive locp filter 124 supplies the image
after the adaptive loop filter process toe the decoded
picture buffer 112. 1In addition, the adaptive loop
filter 124 supplies the filter coefficient to the
lossless encoding unit 106.

(0081}

Here, the adaptive loop filter process is performed
for each LCU, the processing unit of the adaptive loop
filter process is not limited to the LCU. However, by
matching the processing units of the adaptive offset
filter 123 and the adaptive lcop filter 124, the process
can pe efficiently performed.

[0082]
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The decoded picture buffer 112 outputs the
accumulated reference image at predetermined timing to
the intra prediction unit 114 or the motion parallax
prediction/compensation unit 115 through the selection
unit 113.

[6083]

For example, in the case of an image for which the
intra coding is performed, the decoded picture buffer 112
supplies the reference image to the intra prediction unit
114 through the selection unit 113. On the other hand,
for example, in a case where the inter coding is
performed, the decoded picture buffer 112 supplies the
reference image tc the motion parallax
prediction/compensation unit 115 through the selection
unit 113.

[0084]

In a case where the reference image supplied from
the decoded picture buffer 112 is an image for which the
intra coding is performed, the selection unit 113
supplies the reference image to the intra prediction unit
114. On the other hand, in a case where the reference
image supplied from the decoded picture buffer 112 is an
image for which the inter coding is performed, the
selection unit 113 supplies the reference image to the
motion parallax prediction/compensation unit 115.

[0085]

The intra prediction unit 114 performs an intra
predicticon {in-screen prediction) for generating a
predicted image ky using an in-screen pixel valus of an
input image supplied from the syntax processing unit 121.

The intra prediction unit 114 performs the intra
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prediction in a plurality of modes {intra prediction
modes) .
{0086}

The intra prediction unit 114 generates predicted
images in all the intra prediction modes, evaluates esach
predicted image, and selects an optimal mode. When the
optimal intra prediction mode is selected, the intra
predicticn unit 114 supplies the predicted image
generated in the optical mode to the calculation unit 103
or the calculation unit 110 through the selectiocon unit
116.

[0087]

In addition, as described above, the intra
prediction unit 114 appropriately supplies information
such as intra prediction mode information representing
the used intra prediction mode to the lossless encoding
unit 106.

[0088]

The motion parallax prediction/compensation unit
115 performs a motlicn parallax prediction for the image
for which the inter coding is performed by using the
input image supplied from the syntax processing unit 121
and the reterence image supplied from the decoded picture
buffer 112 through the selection unit 113. At that time,
the motion parallax prediction/compensation unit 115 uses
a reference image of a reference image index that is
represented in a reference list generated by the
reference list generating unit 122. The motion parallax
prediction/compensation unit 115 performs a motion
parallax compensation process according to a detected

motion parallax vector, thereby generating a predicted
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image {inter predicted image information).
[0089]

The motion parallax prediction/compensation unit
115 performs the inter predicticn process of each of all
the inter prediction modes that are candidates, thereby
generating predicted images. The motion parallax
prediction/compensation unit 115 supplies the generated
predicted image to the calculation unit 103 or the
calculation unit 110 through the selection unit 116.
[0090]

In addition, the motion parallax
prediction/compensation unit 115 supplies inter
prediction mode information representing the used inter
prediction mode and motion vector information
representing the calculated motion wvector to the lossless
encoding unit 106.

[ogsel]

The selection unit 116 supplies the cutput of the
intra prediction unit 114 to the calculation unit 103 or
the calculation unit 110 in the case of an image for
which the intra coding is performed and supplies the
cutput of the motion parallax predicticon/compensation
unit 115 to the calculation unit 103 or the calculation
unit 110 in the case of an image for which the inter
coding is performed.

[0092]

The rate control unit 117 contrels the rate of the
guantization operation of the guantization unit 105 based
on a compressed image stored in the accumulation buffer
107 such that overflow or under flow does not occur.

[0CS3]
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The reference list generating unit 122 generates a
reference list that 1s referred to when the motion
parallax prediction/compensation unit 115 predicts a
current image by using information (POC infermation and
view information} of a reference image accumulated in the
decoded picture buffer 112. At that time, the reference
list generating unit 122 generates the reference list by
inserting reference images that can be referred to in the
view direction between a plurality of reference images
that can be referred to in the time direction.

[0G84]

In other words, the reference list generating unit
122 generates a temperal list that is a temporary list
used when the reference list is generated by inserting
reference images that can be referred to in the view
direction between a plurality of reference Iimages that
can be referred to in the time directlon. Then, the
reference list generating unit 122 generates a reference
list based on the generated temporal list.

[0095]

Here, the reference images that can be referred to
in the time direction are reference images that can be
referred to at different time points, and the reference
images that can be referred to in the view (layer)
direction are reference images that can be referred to at
different views (lavers).

10096]
[Structure of Reference Image]

Next, the structure of the reference image
according to the HEVC system will be described with

referaence to Fig. 2.
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[0097]

In the example illustrated in Fig. 2, in order of
POC from the left side, long-term {LT) reference images,
short—~term (before) reference images (Short-term before
Curr: SThC), a current image in which “C” is represented,
and short-term {after) reference images (Short-term after
Curr: STaC) are illustrated. In addition, in order of
the view (parallax) directicon from the lower side, the
current image in which “C” is represented, and inter-view
(IV) reference images are i1llustrated. In addition, a
number represented in each reference image represents an
arrangement index of each reference image in the decoded
picture buffer 112.

(00981

In the HEVC system, when an inter prediction is
performed, four kinds of images including the long-term
reference images, the short-term (before) reference
images, the short-term (after) reference images, and the
inter-view reference images illustrated in Fig. 2 can be
set as candidates for a reference image.

[Gceg]

The short-term (before) reference images are short-
term reference images located before the current image
(POC is smaller), in which “C” is represented, in time
within the same view, and the short-term (after)
reference images are shorf-term reference images located
after the current image (PFCC is larger) in time within
the same view. In addition, the long-term reference
images are reference images designated as reference
images 0of a long term within the same view. The inter-

view reference images are reference images of different
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views at the same time.
[0100]
[Conventional Method 1 ©f Generating Reference List]

Next, a methcod of generating a default reference
list of the HEVC system willl be described as a
conventional method 1 with reference to Fig. 3. In an
example illustrated in Fig. 3, as the example in which
four reference images are referred to, a list
{arrangement) (RefPicSetStCurrBefore{il) of short-term
(before) reference images, a list
(RefPicSetStCurrhfter[i]) of short-term (after) reference
images, & list (RefPicSetLtCurr(i]) of long~term
reference images, and a list {RefPicSetIvCurrlil} {i:
index = 0 to 3) of inter-view reference images in the
decoded picture buffer 112 are illustrated.
[0101]

For the short-term reference images, in the syntax
of the slice header or the RPS (Reference Picture Set), a
flag used by curr is set to each image having a
possibility of being referred to. The RPS is a syntax
used for clearly indicating the state of the decoded
picture huffer for each picture included in the SPF3. For
the long-term reference images, in the syntax of the
slice header or the 8PS, the flag used by curr is set to
each image having a possibility of being referred to.
Only each image of which the flag used by curr is “1” is
added to the temporal list that is a temporary list used
when the reference 1iist is generated. In addition, since
the flag used by curr is nct set to inter-view reference
images, all the inter-view reference ilmages arranged in

the list of inter-view reference images are added to the
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temporal list.

[0102]

In the example represented in Filg. 3,

list

temporal list

L1}

(RefPicListTempO{rIdx])

a temporal

of L0 {direction LO) and a

(RefPicListTempl [rTIdx]} of L1 (direction

that are generated from such lists of reference

images are illustrated.

[0103]

The
generated
is set to
image,

reference

Accordingly,

L0 is generated in order of short-term

images of
reference
reference
images of
[0104]
The
generated
is set to
image,

reference

Accordingly,

L1 is generated in order of short-term

images of
referencs
reference

images of

a short-term {after)

a short-term

temporal list (RefPicListTempOirIdx]) of LO is

by adding images of which the flag used by curr

“17 in order of a short-term (before) reference

reference image, a long—-term

image, and an inter-view reference image.

the tempcral list (RefPiclistTempC{rIdx]} of

(before) reference

indexes “0” and “17, short-term (after)

images of indexes “0” and “1”, a long-term

image of an index “0”, and inter-view reference

indexes “0% to “37.

temporal list {(RefPicilistTemplirIdx]) of L1 is

by adding images of which the flag used by curr

“17 in order of a short-term (after) reference

{(before) reference image, a long-term

image, and an inter-view reference image.

the temporal list (RefPiclistTempl[rldx]) of

{after) reference

indexes “0” and “17”, short-term (before)

images of indexes “0” and “1”, a long-term

image of index “0U7, and inter-view reference

indexes “0” to “37.
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[0105]

In addition, in the example represented in Fig. 3,
a reference list {(RefPicListO[rIdx]) of LO that 1is
generated based on the temporal list of LO and a
reference list {RefPiclidistli[rIdx]l) of L1 that is
generated based on the temporal list of L1 are
illustrated.

[(0106]

Here, as the syntax of the slice header or the 3PS,
in the temporal list, as the number c¢f referable images,
num ref idx 10 active minusl and
num ref idx 11 active minusl are set. From the start of
the temporal list of LO/L1, the number of reference
images 1is limited thereby, and only the reference images
are added to the reference list and can be used as the
reference lmages.

10107}

For example, in a case where
num ref idx 10 active minusl is “4”, images of the start
(the first from the left side} to the fifth of the
temporal list of L0 are added to a reference list
(RefPichistO{ridx]) of L0, whereby the reference list of
LG is generated. In the case of the example illustrated
in Fig. 3, the reference list of L0 is generated in crder
of short-term (before) reference images of indexes “07
and “1”, short-term (after) reference images of indexes
07 and M1, and a long-term reference image cof index “07.
{0108]

For example, in a case where
num ref idx 11 active minusl is “3”, images of the start

to the fourth of the temporal list of L1 are added to a
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reference list (RefPiclListli[rIdx]) of L1, whereby the
reference list of L1 is generated. In the case of the
example illustrated in Fig. 3, the reference list cof Li
is generated in order of a short-term (after) reference
images of indexes “0” and “1” and short-term (before}
reference images of indexes “0” and “17.

[o1o¢]

As above, according to the HEVC system, the
temporal list is generated such that, after reference
images disposed in the time direction, reference images
disposed in the view direction are arranged. Thus, it is
difficult to arrange the reference images disposed in the
view direction in the reference list.

[0110]

In addition, according to the HEVC system, a change
command for a reference list is defined, and, by
transmitiing the change command, images that are freely
rearranged in the temporal list can be inserted into the
reference list. Accordingly, a reference image disposed
in the view direction can be referred to. However, since
the change command 1s transmitted in the syntax, an
additional bit is generated.

[0111]

In other words, in the case of the method described
above, while there is no problem when the time
correlation is extremely higher than the wview correlation,
in & general sequence, the correlation among views 1s not
markedly low, and thus, it is necessary to use a
reference list command for performing a parallax
predicticn.

[0112]
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Thus, in Non-Patent Document 2, it has been
proposed to transmit information designating a position
at which a reference image disposed in the view direction
is to be inserted among a plurality of reference images
disposed in the time direction using a slice header when
a temporal list is generated.

[0113]
[Conventicnal Method 2 of Generating Reference List]

Next, a method of generating a default reference
list described in Non-Patent Document 2 will be described
as & conventional method 2 with reference to Fig. 4. 1In
Fig. 4, only an example of LU is described.

[0114]

According to the method described in Non-Patent
Document 2, until the temporal list is generated, the
process is similar to that of the HEVC system, and
repetitive description therecf will not be presented here.
[0115]

In other words, the temporal list
(RefPicListTempOlrIdx]) of LO, similar to the HEVC system,
is generated by adding images of which the flag
used by curr is set to “1” in order of a short-term
(before) reference image, a short-term (after) reference
image, a long-term reference image, and an inter-view
reference image. Accordingly, the temporal list
(RefPicListTempO[rIdx]) of L0 is generated in order of
short—-term ({(before} reference images of indexes “{” and
"17”, short-term {after) reference images of indexes “0”
and “17”, a long-term reference image of an index ™07, and
inter-view reference images of indexes “0” to “37.

[011¢]
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Here, in the case of the method described in Non-
Patent Document 2, a position
(inter view ref start position) at which the inter-view
reference image 1s inserted in the temporal list is set
in a slice header extensicn and 1s transmitted.

(01171

For example, according to the position
inter view ref start position, as denoted by arrow Pl, a
second position from the start (first) of the temporal
list is designated. In such a case, the temporal list
(RefPiclistTempO[ridxl) of L0 is generated in order of a
short-term (before) reference image of index “07, inter-
view reference images of indexes “0” to “3”, a shori-term
(before} reference image of index “1”, short-term (after)
reference images of indexes “0” and “17, and a long-term
reference image of index “07.

(0118}

In such a case, the reference list of L0 is
generated according to num ref idx 10 active minusl = 4
in order of a short-term (before) reference image of
index “0” and inter-view reference images of indexes “07
to “37.

[011¢]

In addition, for example, according to the position
inter view ref start position, as denoted by arrow P2, a
third pesition from the start {(first) of the temporal
list 1s designated. In such a case, the temporal list
{(RefPicListTempO[rIdx]) of LO is generated in order of
short-term {(before) reference images of indexes “0” and
“17”, inter-view reference images of indexes “0” to “37,

short-term (after) reference images of indexes “07 and
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“17, and a long-term reference lmage of index 07,
[0120}

In such a case, the reference list of LO is
generated according teo num ref idx 10 active minusl = 4
in order of short-term (before) reference images of
indexes “0” and “1” and inter-view reference images of
indexes “07 to “27.

[0121]

In addition, for example, according to the position
inter view ref start position, as denoted by arrow P3, a
fourth positien from the start (first) of the temporal
list is designated. In such a case, the temporal list
(RefPiclistTempl[rIdx]) of L0 is generated in order of
short~term (before) reference images of indexes ™07 and
“1”, & short-term {after) reference image of index “0%,
inter-view reference images cf indexes 0" to “37, a
short~term {after)} reference image of index “17, and a
long-term reference image of index ™07,

101221

In such a case, the reference list of L0 is
generated according to num ref idx 10 active minusi = 4
in order of short-term (before) reference images of
indexes “0” and “1”, a short-term {aftsr) reference image
of index “0¥, and inter-view reference images of indexes
"0 to M1,

10123]

As above, according tc the methced disciosed in Non-
Patent Document 2, in the slice header extension,
positions at which inter-view reference images are
inserted in the temporal list is transmitted in the

syntax. Accordingly, in consideration of the view
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correlation, inter-view reference images can be inserted
at a preferred position in the temporal list.
0124}

However, in the case of the method disclosed in
Non-Patent Document 2, alsc when the inter-view reference
images do not need to be moved, the syntax needs to be
transmitted.

[0125]

In addition, in such a case, a plurality of the
inter~view reference images are inserted to the position
set in the syntax at once. Accordingly, in the temporal
list, when inter-view reference images and short-term
reference images or long-term reference image are desired
o be mixed, the reference list change command needs to
be transmitted.

[0126]

Thus, according to the present technology, the
temporary list is generated by inserting reference images
that can be referred to in the view direction among a
plurality of reference images that can be referred to in
the time direction.

[0127]
[Method of Generating Reference List According to Present
Technology 1]

Naxt, a method of generating a reference list
according to the present technology 1 will be described
with reference to Fig. 5. In an example illustrated in
Fig. &%, as the example in which four reference images are
raeferred to, a list (arrangement)
{RefPicSetStCurrBefore[i]) of short-term (before)

reference images, a list (RefPicSet3tCurrAfter([i]) of
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short-term {after) reference images, a list
{RefPicSetlLtCurr([i]} of long-term reference images, and a
list (RefPicSetIvCurrli]) {(i: index = 0 to 3) of inter-

view reference images 1in the decoded picture buffer 112
are illustrated.
[0128]

According to the present technology 1, a temporal
list (RefPicListTempl[{rIdx]) of L0 is generated in order
of short-term (before) reference images of indexes “07
and “17, inter-view reference images of indexes “0” to
"3, short—-term (after) reference images of indexes “07
and “17, and a long-term reference image of index “07.
[0129]

In such a case, the reference list of L0 is
generated according to num ref idx 10 active minusl = 4
in order of short-term (before) reference images of
indexes “0” and “1” and inter-view reference images of
indexes “0" to “27.

[0130]

According to the present technology 1, a temporal
list (RefPiclistTempl{rIdx]) of L1 is generated in order
of short-term {(before) reference images of indexes “0”
and ™17, inter-view reference images of indexes “0” to
“3", short-term (after) reference images of indexes “0”
and 17, and a long-term reference image of index “07.
[G131]

In such a case, the reference list of L1 is
generated according to num ref idx 10 active minusl = 3
in order of short-term (after) reference images of
indexes “0” and "“1” and inter-view reference images of

indexes “0” and “17.
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[0132]

As above, according to the method of present
technology 1, in generation of the temporal list, the
inter-view images are inserted between the short-term
{before) reference images and the short-term {(after)
reference images.

[0133]

Since this is a default process, an additiocnal
syntax does not need to be transmitted. In addition,
since the shori-term (after) reference images enters the
list with a highest priority level in 11, by inserting
the inter-view reference images before the short-term
{after) reference images in L0, a duplicate use of the
short-term {after) reference images in LO/LL1 can be
aveided.

[0134]

However, in the case of L0, when the number of
short-term (before) reference images is large, there are
inter~view images not entering the reference list.
Regarding this, the number of short-term (before)
reference images may be limited by using the RPS. In
addition, in the case of L1, while the order of the
short-term reference images being the target 1s reversed,
the process may be similarly described.

[0135]

In addition, after the short-term {(before/after)
reference images, a plurality of inter-view reference
images are inserted at once. Thus, in the temporal 1list,
when the inter-view reference images and the short-term
reference images or the lcong-term reference ilmages are

desired to be mixed, the reference list change command
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needs to be transmitted.
[0136]

In a case where the time correlation is extremely
higher than the correlation between views, there is
concern that the coding efficiency may decrease.

[0137]
[Method of Generating Reference List According to Present
Technology 2]

In additiocon, the method of generating a reference
list according to the present technology 2 will be
described with reference to Fig. 6. In an example
illustrated in Fig. 6, as the example in which four
reference images are referred teo, a list (arrangement)
{(RefPicSetStCurrBeforeli]) of short~term (before)
reference images, a list (RefPicSetStlurrAfter[i]) of
short-term {(after) reference images, a list
(RefPicSetLtCurri{i}} of long-term reference images, and a
list {RefPicSetIvCurrli]) (i: index = 0 to 3) of inter-
view reference images in the decoded picture buffer 112
are illustrated.

[0138]

According to the present technology 2, a temporal
list (RefPichistTempllrIdx]) of LO is generated in order
of a short-term (before} reference image of index “0”, an
inter-view reference image of index “0”, a short-term
{before) reference image of index “1”, an inter~view
reference image of index “1”, a short-term (after)
reference image of index ™07, an inter-view reference
image of index “27, a short-term (after) reference image
of index "17, an inter-view reference image of index 3,

and a long-term reference image of index “07.
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[0139]

In such a case, the reference list of LO is
generated according to num ref idx 10 active minusl = 4
in order of the short-term (before) reference image of
index “0”, the inter-view reference image of index “07,
the short-term (before) reference image of index “1”, the
inter-view reference image of index “1”, and the short-
term (after) reference image of index “0”.

[0140]

In addition, according to the present technoleogy 2,
a temporal list (RefPiclistTemplridx]}) of L1 is
generated in corder of a short-term (after) reference
image of index “07, an inter-view reference image of
index “07, a short-term (after) reference image of index
“17”, an inter-view reference image of index “17, a short-
term {(before) reference image of index “07, an inter-view
reference image of index “2”, a short-term (before)
reference image cf index “1”, an inter-view reference
image of index 3, and a long-term reference image of
index “07,

[0141]

In such a case, the reference list of L1 1is
generated according to num ref idx 11 active minusl = 3
in order of a short-term (after) reference image of index
"0”, an inter-view reference image of index “0”, & short-
term (after) reference image of index “17, and an inter~
view reference image of index “17.

[0142]

As above, according to the method 0f the present

technology 2, in the generation of the temporal list, a

reference image disposed in the time direction and a
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reference image disposed in the view direction are
alternately arranged.
[0143]

When the height of the time correlaticn and the
height of the correlation between views are alternately
lined up, an arrangement having high reference efficiency
is formed. In addition, in the case of L0, even when the
number of short-term {before) reference images is large,
it is easy te add inter-view reference images to the
refaerence list as default. In addition, since this is a
default process, an additional syntax does not need to be
transmitted.

[0144]

However, in a case where the time correlation is
extremely higher than the correlation between views,
there is concern that the coding efficiency decreases.
{01457
[Comparison between Conventional Technology and Present
Technology]

In an example represented in Fig. 7, a table
comparing the conventional method described above and the
method according to the present technology is illustrated.
[01l46]

There are two advantages of the present technology
1 over the conventional technoliogy 1. The first
advantage is that the coding efficiency can be improved
for a sequence having a high inter-view correlation
{general case). The inter-view correlation represents a
correlation between inter-view images. The second
advantage i1s that, when the number of short-term (before)

reference images {STh{) and short-term (after) reference
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images (8TaC) is small, the number of unigue pilctures can
be increased in the whole reference list LO/L1L.
[0147]

There are two advantages of the present technology
1 over the conventicnal technology 2. The first
advantage is that an additional syntax does not need to
be transmitted. The second advantage 1s that the
preocessing amcount 1s small owing to no rearrangement of
the temporal list.
[0148]

There are two advantages of the present technology
2 over the conventional technology 1. The first
advantage is that, when the temporal correlation and the
inter-view correlation are alternately aligned, the
coding efficiency can be improved., Here, the temporal
correlation is a correlation between Inter images of
different time points. The inter-view correlation is a
correlation between inter-view images. The second
advantage is that inter-view reference images can be
arranged at the second position from the start of the
reference list also in the worst case.
[0149]

There are two advantages of the present technology
2 over the conventional technology 2. The first
advantage 1is that an additional syntax does not need to
be transmitted. The second advantage is that, when the
temporal correlation and the inter-view correlation are
alternately aligned, the coding efficiency can be
improved.
[0150]

In addition, the present technology 1 and the
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present technology 2 will be compared with each other.
[0151]

The present technology 2 has two advantages over
the present technology 1. The first advantage is that,
when the temporal correlation and the inter-view
correlation are alternately aligned, the coding
efficiency can be improved. The second advantage is that
inter-view reference images can be arranged at the second
position from the start of the reference list alsc in the
worst case.

[0152]

In the description presented above, similar to a
conventional case, while the example has been described
in which the sequence of adding inter-view images to the
reference list {(temporal list) is the same for L0 and L1,
the order may be changed between L0 and LI1.

[0153]
[Alignment between Inter-view Images]

Next, the alignment order between inter-view images
according to the present technology will be described
with reference to Fig. 8.

[0154]

Conventionally, corresponding inter~view reference
images are added to the reference list (temporal list) in
order of 3 = 0, 1, 2, -+- based on ref layer id{i][71] of
the VPS5 {(Video Parameter Set). This process is
compietely the same between L0 and 11, and, in the
temporal lists of LG/L1, the order in which inter~view
reference images are aligned 1s the same.

[0155]

Thus, according to this technology, the inter-view
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reference images are added to the temporal list of LO in
crder of ref layer id[i][]J] (here, j =0, 1, 2, -++). In
addition, the inter-view reference images are added to
the temporal list of Ll in order of ref layer id{i][j]
(here, 7 = »++, 2, 1, 0.).

[0156]

More specifically, as illustrated on the left side
in Fig. 8, for example, in a case where a view image of
view id = Z is to be coded among four views of view id =
¢, 1, 2, and 3, it is assumed that the reference relation
is described in corder of view id = 1, 0, and 3 in the VPS,
F0157]

In this case, according to the present technoclogy,
as illustrated on the right side in Fig. 8, in the
temporal list of LO, inter-view reference images are
aligned in order of view id = 1, 0, and 3 described in
the VPS. In addition, in the temporal list of L1, inter-
view reference images are aligned in order of view id = 3,
O, and 1 that is the reverse order cf view id described
in the VPS.

[0158]

By configuring as such, in the temporal lists of

L0/L1l, in a case where only up tc the (ref id n+l)-th
image is referred to, in other words, in a case where
only up to the (ref id = n+l)-th image is added to the
reference list, different inter-view reference images can
be referred to in LU and Ll.
[0159]

More specifically, in the example illustrated in

Fig. 8, the {ntl)-th inter-view reference image 1s an

inter-view reference image vl of view id = 1 in LO, and,
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the (n+l)-th inter-view reference image 1is an inter-view
reference image v3 of view id = 3 in L1, whereby the
{(n+tl}—-th inter-view reference image can be changed
between L0 and L1.

101607

In this way, since different inter-view reference
images can be referred to in LC and L1, there is a high
possibility of having higher performance of a parallax
prediction than that of a case where the same image is
referred to, and the coding efficiency can be expected to
be improved.

[0161]

In the example represented in Fig. 8, similar to
the conventional example represented in Fig. 3, while the
example is illustrated in which, after the reference
images disposed in the time direction, the reference
images disposed in the view direction are added, the
order of the inter-view reference images of the case of
the present technology described above with reference to
Pigs. 5 and 6 may be employed as well.

[0le2]

In a case where the present technolcogy is applied,
according to the technology disclosed in Non-Patent
Deocument 1, as denoted by a solid line in Fig. 9, there
is no change for L0, as dencted by a dotted line
illustrated in Fig. 9, the inter-view images are changed
to be added in reverse order of L0.

[0163]

The reference list generating unit 122, which is

illustrated in Fig. 1, performing the above-described

process 1s configured as illustrated in the folleowing Fig.
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10.
[0164]
{Configuration Example of Reference List Generating Unit]

Fig. 10 is a block diagram that i1llustrates an
example of the configuration of the reference list
generating unit that performs the above-described process.
[0165]

In the example illustrated in Fig. 10, the
reference 1ist generating unit 122 is configured to
include: a reference image setting unit 131; a temporal
list generating unit 132; and a reference image list
generating unit 133.

[0166]

The reference Iimage setting unit 131 sets short-
term (before) reference images by referring to time
information {in other words, the POC information) of the
reference image supplied from the decoded picture buffer
112 and the flag used by curr of the short-term reference
image that is set in the slice header or the RPS supplied
from the syntax processing unit 121 and generates a
short~term {before) reference image list
(RefPicSetStCurrBefore(il). In addition, the reference
image setting unit 131 sets shert-term (aftexr) reference
images by referring Lo time information of the reference
image supplied from the decoded picture buffer 112 and
the flag used by curr of the short-term reference ilmage
that is set in the slice header or the RPS supplied from
the syntax processing unit 121 and generates a short-term
{after) reference image list (RefPicSet3tCurrAfter[il).
[0167]

The reference image setting unit 131 sets long-term
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reference images by referring to time information of the
reference image supplied from the decoded picture buffer
112 and the flag used by curr of the long-term reference
image that i1s set in the slice header or the 5PS supplied
from the decoded picture buffer 112 and generates a long-
term reference image list (RefPicSetLtCurr(il). In
addition, the reference image setting unit 131 sets
inter~view reference images (RefPicSetIvCurr[i]) by
referring to view information of the reference image
supplied from the deccded picture buffer 112 and
generates a list thereof.

[0l68]

The temporal list generating unit 132 combines
lists set by the reference image setting unit 131 in
predetermined order according to the present technology
described akove, thereby generalting temporal lists
(RefPicListTempl{rIdx] and RefPiclListTempl{ridx]) of LO
and Ll.

[0169]

The reference image list generating unit 133 refers
to the number num ref idx 10 active minusl and the number
num_ref idx_ 11 active minusl set in the slice header or
the SPS supplied from the syntax processing unit 121.

The reference image list generating unit 133 extracts
reference images corresponding to the number

num ref idx 10 active minusl and the number

num ref idx 11 active minusl from the temporal lists of
LO/L1 generated by the temporal list generating unit 132
and adds the extracted reference images, bthereby
generating reference lists of LO/L1.

(0170}
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The reference lists of L0/L1l generated by the
reference image list generating unit 133 are referred to
by the motion parallax prediction/compensation unit 115.
[0171]

[Flow of Coding Process]

Next, the fiow of esach process performed by the
image encoding device 100 as above will be described.
First, an example of the flow of the coding process will
be described with reference to a flowchart represented in
Fig. 11.

[01723

In Step S101, the A/D converter 101 performs A/D
conversion of an input image. In Step 5102, the screen
rearrangement buffer 10Z stores the image that is
converted from analog to digital and rearranges the image
from the display order of pictures to the coding order.
(0173}

In Step S103, the syntax processing unit 121
sequentially checks data of images read from the screen
rearrangement buffer 102 and inserts header information
toe the data of each image. The syntax processing unit
121 supplies the image into which the header information
and the like are inserted to the calculation unit 103,
The intra prediction unit 114, and the motion parallax
prediction/compensation unit 115. In addition, the
syntax processing unit 121 supplies information such as
the VPSS, the SPS {including the RPS), and the slice
header to the reference list generating unit 122.

{0174}
in Step S$104, the calculation unit 103 calculates a

difference between the image supplied from the syntax
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processing unit 121 and the predicted image. The
predicted image is supplied to the calculation unit 103
through the selection unit 116 from the motion parallax
prediction/compensation unit 115 in the case of the inter
prediction or from the intra prediction unit 114 in the
case of the intra prediction.

[0175]

The data amount of the differential data is smaller
than that of the coriginal image data. Accordingly, the
data amount can be compressed more than that of a case
where the image is directly coded.

[0176]

In Step 51053, the orthogonal transform unit 104
performs an orthogonal transform of the differential
information generated by the process of Step $104. More
specifically, an crthogonal transform such as a discrete
cosine transform or a Karhuren-Loeve transform is
performed, and a transform coefficient is output.

[G177)

In 3Step 8106, the quantization unit 105 guantizes
the orthogonal transform coefficient acquired by the
process of Step 5105.

[0178]

The differential information gquantized by the
process of Step 5106 is locally decoded as below. In
Step 3107, the inverse quantization unit 108 performs
inverse guantization of the guantized orthogonal
transform coefficient (also referred to as a guantization
coefficient), which i1s generated by the process of Step
3106, according to characteristics corresponding to the

characteristics of the guantirzation unit 105.
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10179]

In Step 5108, the inverse corthogonal transform unit
109 performs an inverse orthogonal transfoim of the
orthogonral transform coefficient, which i1s acquired by
the process of Step S107, according to characteristics
corresponding to the characteristics of the orthogonal
transform unit 104.

[0180]

In Step 3109, the calculation unit 110 adds the
predicted image to the differential information that is
locally decoded, thereby generating a locally-decoded
image (an image corresponding to the input to the
calculation unit 103).

[(0181]

In Step S110, the deblocking filter 111 performs
filtering for the image supplied from the calculation
unit 110, thereby eliminating a block distortion. Then,
the deblocking filter 111 supplies an image acguired as a
result thereof to the adaptive offset filter 123.

[0182]

In Step $111, the adaptive offset filter 123
performs an adaptive offset filter process for the image
supplied from the deblocking filter 111 for each LCU.
The adaptive offset filter 123 supplies an image acguired
as a resulb thereof fo the adaptive loop filter 124. In
addition, the adaptive offset filter 123 supplies the
storage flag, the index or the offset, and the type
information to the lossless encoding unit 106 as offset
filter information for each LCU.
[0183]

In Step 3112, the adaptive loop filter 124 performs
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an adaptive loop filter process for the image supplied
from the adaptive offset filter 123 for each LCU. The
adaptive loop filter 124 supplies an image acquired as a
result thereof to the decoded picture buffer 112. In
addition, the adaptive loop filter 124 supplies the
filter coefficient used in the adaptive loop filter
process to the lossless encoding unit 106.

[0184]

In Step 5113, the decoded pilcture buffer 112 stores
the image for which the filter process has been performed.
In addition, an image for which the filter process has
not been performed is supplied also to the deccded
picture buffer 112 from the calculation unit 110 and is
stored therein. The image accumulated in the decoded
picture buffer 112 is supplied to the meotion parallax
prediction/compensation unit 115 or the intra prediction
unit 114 through the selecticn unit 113 as a reference
image.

[(0185]

In Step 5114, the intra prediction unit 114
performs an intra prediction process of the intra
prediction mode.

[0186]

In Step 5115, the reference list generating unit
122 generates a reference list that is referred to when
the motion parallax prediction/compensation unit 115
predicts a current image. The process of generating this
reference list will be described later in detall with
reference to Fig. 12Z.

[0187]
By the process cof Step 5115, the temporal list that
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is a temporary list used when the reference list is
generated 1is generated by inserting reference images that
can be referred to in the view direction among a
plurality of reference images that can be referred to in
the time direction. Then, a reference list l1s generated
based on the generated temporal list.

[0188]

In Step 8116, the motion parallax
prediction/compensation unit 115 performs an inter motion
parallax prediction process in which a motion parallax
prediction of the inter prediction mode or & motion
parallax compensation is performed by using the reference
image cf a reference image index represented by the
reference list generated by the process of Step $115.
[0189)

In Step 5117, the selection unit 116 determines an
cptimal prediction mode based on cost function values
output from the intra prediction unit 114 and the motion
parallax prediction/compensation unit 115. In other
words, the selecticon unit 116 selects either the
predicted image generated by the intra prediction unit
114 or the predicted image generated by the motion
parallax prediction/compensation unit 115.

[0190]

In additicn, selection information representing
which predicted image 1s selected is supplied to the
intra prediction unit 114 or the motion parallax
prediction/compensation unit 115 of which the predicted
image has been selected. In a case whers the predicted
image of the optimal intra prediction moede is selected,

the intra prediction unit 114 supplies information (in
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other words, intra prediction mode information)
representing the optimal intra prediction mode to the
lossless encoding unit 106.

[0191]

In a case where the predicted image of the optimal
inter prediction mcde is selected, the motion parallax
prediction/compensation unit 115 outputs information
representing the opitimal inter prediction mode and
information according to the optimal inter prediction
mode as is necessary to the lossless encoding unit 106.
As the information according to the optimal inter
prediction mode, motion vector information, parallax
vector information, flag information, reference frame
information, or the like may be provided.

[0152]

In Step S118, the lossless enceding unit 106 codes
the transform coefficient guantized by the process of
Step S106. 1In other words, for a differential image ({in
the case of the inter prediction, a secondary
differential image), lossless coding such as variable-
length coding or arithmetic coding is performed.

101837

In addition, the lossless encoding unit 106 adds
the information relating to the prediction mode cf the
prediction image that iz selected by the process of Step
5117 to the coded data acquired by coding the
differential image. In other words, the lossliess
encoding unit 106 adds the intra prediction mode
information supplied from the intra prediction unit 114,
the information according to the optimal inter prediction

mcde supplied from the motion paralilax
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prediction/compensation unit 115, or the like to the
coded data.
[0194]

In Step 5119, the accumulaticon buffer 107
accumulates the coded data output from the lossless
encoding unit 106. The coded data accumulated in the
accumulation buffer 107 is appropriately read and is
transmitted to the decoding side through a transmission
line.

[0195]

In Step 5120, the rate control unit 117 controls
the rate of the guantization operation performed by the
quantization unit 105 based on the compressed image
accumulated in the accumulation buffer 107 by the process
of Step 811% such that overflow or underflow does not:
occur.

[01%96]

When the process cof Step 5120 ends, the coding

process ends.
(013873
[Flow of Reference List Generating Process]

Next, an example of the flow of the reference list
generating process performed in Step S115 represented in
Fig. 11 will be described with reference to a Flowchart
represented in Fig. 1Z. By performing this process, the
reference lists according to the present technology 1
described above with reference to Fig. 5 are generated.
This prccess is performed only in a case where the
decoded image (in other words, a current image for a
prediction) is a P picture or a B picture.

[0198]
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In Step S103 represented in Fig. 11 described above,
information such as the VPSS, the SPS (including the RPS)
and the slice header of the decoded image is supplied
from the syntax processing unit 121 to the referesnce list
generating unit 122. The flag used by curr c¢f the short-
term reference image is set in the sliice header or the
RPS supplied from the syntax processing unit 121. The
flag used by curr of the long-term reference image is set
in the slice header or the SPS.

[0199]

In Step 8131, the reference image setting unit 131
of the reference list generating unit 122 sets short-term
{before} reference images (3TbC) by referring to the time
information {(in other words, the POC information) of the
reference image supplied from the decoded picture buffer
112 and the flag used by curr of the short-term reference
image ¢f the slice header or the RPS and generates a list
RefPicSetStlurrBefore[il.

[0200]

In Step 5132, the reference image setting unit 131
sets short-term (after} reference images {(STaC) by
referring to the time information of the reference image
supplied from the decoded picture buffer 112 and the flag
used_by curr of the short-term reference image of the
slice header or the RP3 and generates a list
RefPicSetStCurrAfterii].

(02017

In Step 5133, the reference image setting unit 131
sets long-term reference images (LT} by referring to the
time information of the reference image supplied from the

decoded picture buffer 112 and the flag used by curr of
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the long-term reference image of the slice header or the
5PS5 and generates a list RefPicSetLtCurr(i].
[0202]

In Step S134, the reference image setting unit 131
sets inter-view reference images (IV) by referring to the
view information of the reference image supplied from the
decoded picture buffer 112 and generates a list
RefPicSetIvCurrlil].

[0203]

In Step $135, the tempcoral list generating unit 132
combines four types of lists set by the reference image
setting unit 131 in order of STbC, IV, S$TaC, and LT,
thereby generating a temporal list
{(RefPicListTempd [rIdx]} of LO.

[0204]

In other words, only reference images, of which the
flag used by curr is “1” in the lists of four types
described above are combined in order of STbC, IV, STacC,
and LT, whereby a temporal list of LO is generated. 1In
addition, at that time, all the inter-view reference
images (IV) are added.

[0205]

In 3tep 5136, the temporal list generating unit 132
combines four types of lists set by the reference image
setting unit 131 in order of 3Tal, IV, 3TbhC, and LT,
thereby generating a temporal list
{(RefPiclistTempl[ridx]) of L1.

[0206]

In other words, only reference images of which the

flag used by curr is "1” are combined in order of STacC,

iv, STkC, and LT, whereby a temporal list of L1 is
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generated. In addition, at that time, while all the
inter-view reference images (IV) are added, the order, as
described above with reference to Fig. 8, may be
configured to be reverse order ¢of that of the direction
LO.

[0207]

The numbers num ref idx 10 active minusl and
num ref idx 11 active minusl are set in the slice header
or the 3PS supplied from the syntax processing unit 121,
[0208]

In Step 3137, the reference image list generating
unit 133 extracts the first toc the
(num ref idx 10 active minusli+l)-th elements of the
temporal list (RefPiclistTempl[rlIdx]} of L0 and generates
a reference list (RefPicListO[rIdx]} of LO.

[0209]

In Step 3138, the reference image list generating
unit 133 extracts the first to the
(num_ref idx 11 active minusl+l)-th elements of the
temporal list (RefPicListTempl(rIdx]} of L1 and generates
a reference list {RefPiclListlirIdx]) of LI1.

[0210]

As above, the inter-view images are inserted
between the short-term (before) reference images and the
short-term {(after) reference images, whereby refersance
lists described above with reference to Fig. 5 are
generatead.

(0211}
[Another Flow of Reference List Generating Process]

Next, an example of the flow of the reference list

generating process performed in Step S115 represented in
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Fig. 11 will be described with reference to a flowchart
represented in Fig. 13. By performing this process, the
reference lists according to the present technology 2
described above with reference to Fig. 6 are generated.
This process is performed cnly in a case where the
decoded image {in other words, a current image for a
prediction) is a P picture or a B picture.

[0212]

In Step 5103 represented in Fig. 11 described above,
information such as the VP53, the S5PS (including the RPS)
and the slice header of the decoded image is supplied
from the syntax processing unit 121 tc the reference list
generating unit 122. The flag used by curr of the short-
term reference image is set in the slice header or the
RPS supplied from the syntax processing unit 121. The
flag used by curr of the long-term reference image 1s set
in the slice header or the SPS.

[02131

In Step 5151, the reference image setting unit 131
of the reference list generating unit 122 sets short-term
(pefore) reference images (STbC} by referring to the time
information {(in other words, the POC information) of the
reference image supplied from the decoded plcture buffer
112 and the flag used by curr of the short-term reference
image of the slice header or the RPS and generates a list
RefPicSetStCurrBefore[i].
[0214]

In Step S152, the reference image setting unit 131
sets short-term (after) reference images (STaC) by
referring to the time information of the reference image

supplied from the decoded picture buffer 112 and the flag
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used by curr of the short-term reference image of the
slice header or the RPS and generates a list
RefPicSetStCurrAfter[il.

[0215]

In Step S153, the reference image setting unit 131
sets long-term reference images (LT) by referring to the
time information of the reference image supplied from the
decoded picture buffer 112 and the flag used by curr of
the long-term reference image of the slice header or the
EP5 and generates a list RefPicSetLtCurr[il].

[0218]

In Step 5154, the reference image setting unit 131
sets inter-view reference images ({(IV} by referring to the
view information of the reference image supplied from the
decoded picture buffer 112 and generates a list
RefPicSetIvCurr{il.

(02171

In Step 3155, the temporal list generating unit 132
generates two lists including a list 1 acquired by
geguentially combining three lists of STbC, 3TaC, and LT
zet by the reference image setting unit 131 and a list 2
configured by the IV. In othsr words, only reference
images, of which the flag used by curr is “1” are
combined in order of STbhC, STal, and LT, whereby the list
1 is generated. In additicn, the list 2 1is generated by
adding all the IV of the list RefPicSetIvCurr[i] to the
list.

[0218]

In Step 5156, the tempcoral list generating unit 132

extracts one element from the start of each of the lists

1 and 2 generated in Step 35155 and alternately aligns the
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extracted elements, thereby generating a temporal list
(RefPicListTempO[rIdx]) of LO.
[0219]

In Step 3157, the temporal list generating unit 132
generates twe lists including a list 11 acquired by
sequentially combining three lists STaC, STbC, and LT set
by the reference image setting unit 131 and a list 12
configured by the IV. In other words, only the reference
images of which the flag used by curr is “1” are combined
in order of 3TaC, 3TbC, and LT, whereby the list 11 is
generated. In addition, while the list 12 is generated
by adding all the IV of the 1list RefPicSetIvCurrli], at
that time, as described above with reference to Fig. 8,
the inter-view reference images may be added in order
that is reverse order of the order of the direction LC.
[0220]

In Step 5158, the temporal list generating unit 132
extracts one element from the start of each of the lists
11 and 12 generated in Step 5155 and alternately aligns
the extracted elements, thereby generating a temporal
list (RefPiclistTemplirIdx]} of LIl.

[Gzz21]

The numbers num ref idx 10 active minusl and
num_ref idx 11 active minusl are set in the slice header
or the S5PS supplied from the syntax processing unit 121.
[0222]

In Step 3159, the reference image list generating
unit 133 extracts the first to the
(num_ref idx 10 active minusl+l)-th elements of the
temporal list (RefPicListTempO[rIdx]) of L0 and generates

a reference list (RefPiclListO{rldx]} of LO.
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[0223]

In Step 5160, the reference image list generating
unit 133 extracts the first to the
(numﬁrefwidxmll_activemminus1+1)—th elements of the
temporal list (RefPicListTempl|[rIdx]) of L1 and generates
a reference list (RefPiclistlirIdx]) of L1.

[0224]

As above, in the generation of the temporal lists,
the reference images disposed in the time direction and
the reference images disposed in the view direction are
alternately arranged, whereby the reference lists
described above with reference to Fig. 6 are generated.
[0225]

In addition, while the example of two types of
reference lists has been described in the description
presented above, for example, i1t may be configured such
that the ccding side transmits a reference list selection
flag of cne bit representing a selected reference list to
the decoding side, and the reference list according to
the reference list selection flag is generated on the
decoding side. This reference list selection flag, for
example, may be configured to be transmitted for each
slice.

(0226}

For example, as described above with reference to
Fig. 7, a more appropriate list is different depending on
the degree of the temporal correlation or the degree of
the inter-view correlation in the seguence. Thus, by
transmitting the reference list selection flag in this
way, for example, the coding efficiency can be improved

more than that of & case where the change command is
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transmitted using an image or that of a case where the
syntax 1s Lransmitted each time as disclosed in Non-
Patent Document 2.

[0227]

<Z2. Second Embodiment>

{Tmage Decoding Device]

Fig. 14 illustrates the configuration of an image
decoding device according tc an embodiment as an image
processing device to which the present disclosure is
appilied. An image decoding device 200 illustrated in Fig.
14 is a decoding device that corresponds to the image
encoding device 100 illustrated in Fig. 1.

[c6z28]

The coded data coded by the image encoding device
100 is assumed to be transmitted to the image decoding
device 200 corresponding to the image encoding device 100
through a predetermined transmission line and is decoded
by using the HEVC system or the like.

[0229]

As 1llustrated in Fig. 14, the image decoding
device 200 includes: an accumulation buffer 201; &
lossless decoding unit 202; an inverse gquantization unit
203; an inverse orthogonal transform unit 204; a
calculation unit 205; a deblocking filter 206; a screen
rearrangemaent buffer 207; and a D/A converter 208. In
addition, the image decoding device 200 includes: a
decoded picture buffer 209; a selection unit 210; an
intra prediction unit 211; a motion parallax
prediction/compensation unit 212; and a selection unit
213,

{0230]
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Furthermore,‘the image decoding device 200
includes: a syntax processing unit 221; a reference list
generating unit Z2Z; an adaptive offset filter 223; and
an adaptive loop filter 224,

[0231]

The accumulation buffer 201 accumulates coded data
that is transmitted. This coded data is coded by the
image encoding device 100. The syntax processing unit
221 acguires a VP3, an SPS, a slice header, and the like
from the coded data read from the accumulation buffer 201
at predetermined timing and supplies each header
information that has been acguired to the lossless
deceding unit 202 together with the coded data. In
addition, the syntax processing unit 221 supplies the
header information and the like that have been acguired
to the reference list generating unit 222.

[0232]

The lossless decoding unit 202 decodes the coded
data supplied from the syntax processing unit 221 by
using a system corresponding to Lhe coding system of the
lossless encoding unit 106 illustrated in Fig. 1. The
inverse guantization unit 203 performs inverse
guantization of coefficient data (guantizatiocn
coefficient) acquired by the decoding process performed
by the lossless decoding unit 202 by using a system
corresponding to the guantizaticn system of the
guantization unit 10% illustrated in Fig. 1. 1In other
words, the inverse qgquantization unit 203 performs inverse
quantization of the guantization coefficient by using a
method similar to that of the inverse guantization unit

108 illustrated in Fig. 1 by using the quantization
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parameter supplied from the image encoding device 100.
[0233] |

The inverse guantization unit 203 supplies the
coefficient data, in other words, the orthogonal
transform coefficient for which the inverse guantization
process has been performed to the inverse orthogonal
transform unit 204. The inverse orthogonal transform
unit 204, by using a system corresponding to the
orthogonal transform system of the orthcegonal transform
unit 104 illustrated in Fig. 1, performs an inverse
orthegonal transform of the orthogonal transform
coefficient, thereby acgquiring decoded residual data
corresponding to the residual data before the corthogonal
transform process performed by the image encoding device
100.

[0234]

The decoded residual data that is acquired through
the inverse orthogonal transform is supplied to the
calculation unit 205. In addition, a predicted image is
supplied to the calculation unit 205 through the
selection unit 213 from the intra prediction unit 211 or
the motion parallax prediction/compensation unit 212.
102357

The calculation unit 205 adds the decoded residual
data and the predicted image, thereby acguiring decoded
image data corresponding to the image data before the

subtraction of the predicted image that is performed by

the calculation unit 103 of the image encoding device 100.

The calculation unit 205 supplies the decoded image data
to the deblocking filter 206.

(0236}
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The deblocking filter 206 appropriately performs a
deblocking filter process, thereby eliminating a block
distorticn of the decoded image. The deblocking filter
206 supplies an image acguired as a result thereof to the
adaptive offset filter 223.

(02371

The adaptive offset filter 222 includes a buffer
that sequentially stores an offset supplied from the
syntax processing unit 221. In addition, the adapitive
offset filter 223 performs an adaptive offset filter
process for the image after the adaptive deblocking
filter process performed by the deblocking filter 206
based on the offset filter information supplied from the
syntax processing unit 221 for each LCU.

[0238]

Mcre specifically, in a case where the storage flag
included in the offset filter information is “0, the
adaptive coffset fllter 223 performs an adaptive offset
filter process of a type represented by the type
information for the image after the deblocking filter
process perfcormed in units of LCUs by using the offset
included in the offset filter information.

[0239]

On the other hand, in a case where the storage flag
included in the offset filter information is “17, the
adaptive offset filter 223 reads an offset stored at a
position representad by the index included in the offsst
filter information for the image after the deblocking
filter process performed in units of LCUs. Then, the
adaptive offset filter 223 performs an adaptive offset

filter process of a type represented by the type
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information by using the read cffset. The adaptive
offset filter 2Z3 supplies the image after the adaptive
offset filter preocess to the adaptive loop filter 224,
{0240}

The adaptive loop filter 2Z4 performs an adaptive
loop filter process for the image suppliied from the
adaptive coffset filter 223 for each LCU by using the
filter coefficient supplied from the syntax processing
unit 2Z1. The adaptive locp filter 224 supplies an image
acguired as a result thereof to the screen rearrangement
buffer 207.

[02417

The screen rearrangement buffer 207 performs a
screen rearrangement process. In other words, the order
of frames that are rearranged for the coding order by the
screen rearrangement buffer 102 illustrated in Fig. 1 is
rearranged tc be the original display order. The D/A
converter 208 performs a D/A conversion of the image
supplied from the screen rearrangement buffer 207 and
outputs the converted image to a display not illustrated
in the figure so as to be displaved thereon.

[0242]

In additicn, the output of the adaptive loop filter
224 is supplied to the decoded picture buffer 20%.

[0243]

The deccoded picture buffer 209, the selection unit
210, the intra prediction unit 211, the motion parallax
prediction/compensation unit 212, and the selection unit
213 respectively correspond to the decoded picture buffer
112, the selection unit 113, the intra prediction unit

114, the metion parallax prediction/compensation unit 115,
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and the selection unit 116 of the image encoding device
1G0.
02447

The selection unit 210 reads an image for which
inter processing is performed and a reference image from
the decoded picture buffer 209 and supplies the read
images to the motion parallax prediction/compensation
unit 212. In addition, the selection unit 210 reads an
image used for the intra prediction from the decoded
picture buffer 209 and supplies the read image to the
intra prediction unit 211.

[0245]

Information representing an intra prediction mode
acguired from the header information and the like are
appropriately supplied to the intra prediction unit 211
from the lossless decoding unit 202. The intra
predicticon unit 211, based on this information, generates
a predicted image based on the reference image acguired
from the decoded picture buffer 208 and supplies the
generated predicted image to the selection unit Z13.
(0246}

Information {(the prediction mode informatiocn, the
motion vector information, the paraliax vector
information, various parameters, and the like) acquired
from the header information is supplied fo the motion
parallax prediction/compensation unit 212 from the
lossless deceoding unit 2Z02. In addition, a refersnce
image index assigned by the reference list generating
unit 222 is supplied to the motion parallax
prediction/compensation unit 212.

[0247]
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The motion parallax prediction/compensation unit
2172 generates a predicted image from the reference image
acquired from the decoded picture buffer 209 based on
such information supplied from the lossless decoding unit
202 and the reference image index represented in the
reference list generated by the reference list generating
unit 222. The motion parallax prediction/compensation
unit 212 supplies the generated predicted image to the
selection unit 213.

[G248]

The selection unit 213 selects the predicted image
generated by the motion parallax prediction/compensation
unit 212 or the intra prediction unit 211 and supplies
the selected predicted image to the calculation unit 205.
[0249]

The reference list generating unit 222 is basically
configured to be similar to the reference list generating
unit 122 ¢f the image encoding device 100. The reference
list generating unit 222 generates a reference list that
is referred to when the motion parallax
prediction/compensation unit 212 predicts a current image
by using information (the POC information or the view
information) of the reference image that is accumulated
in the decoded picture buffer 208. At that time, the
reference list generating unit 122 generates the
reference list by inserting reference images that can be
referred o in the view direction among a plurality of
reference images that can ke referred to in the time
direction.

[0250]

in cother words, the reference list generating unit
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222 generates a temporal list that is a temporary list
used when a reference list 1s generated by inserting
reference images tThat can be referred to in the view
directicn among a plurality of reference images that can
be referred to in the time direction. Then, the
reference list generating unit 222 generates the
reference list based on the generated temporal list,
[0251)

[Configuration Example of Reference List Generating Unit]

Fig. 15 1s a block diagram that illustrates an
example of the configuration of the reference list
generating unit illustrated in Fig. 14.

[0252]

In the example illustrated in Fig. 15, the
reference list generating unit 222 is configured to
include: a reference image setting unit 231; a temporal
list generating unit 23Z; and a reference image list
generating unit 233.

[0253]

The reference lmage setiting unit 231 sets short-
term (before) reference images by referring tce the time
information {in other words, the POC information) of the
reference image that is supplied from the decoded picture
buffer 209 and the flag used by curr of the short-term
reference image that 1s set in the slice header or the
RFS supplied from the syntax processing unit 221 and
generates a short-term (before) reference image list
(RefPicSetStCurrBefore[i] ). The reference image setting
unit 231 sets short-term {after) reference images by
referring to the time information o©of the reference image

that is supplied from the decoded picture buffer 20% and
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the flag used by curr of the short-term reference image
that is set in the slice header or the RPS supplied from
the syntax processing unit 221 and generates a short-term
{after) reference image list (RefPiclSetStCurrAfteriil).
[0254]

The reference image setting unit 231 sets long-term
reference images by referring to the time information of
the reference image that is supplied from the decoded
picture buffer 209 and the flag used by curr of the long-
term reference image that is set in the slice header or
the 3SP3, and generates a lcng-term reference image list
{RefPicSetLtCurr([i]}). The reference image setting unit
231 sets inter-view reference images (RefPicSetIvCurr{i])
by referring tc the view information of the reference
information supplied from the decoded picture buffer 209
and generates a list therecof.

[0255]

The temporal list generating unit 232 combines the
lists set by the reference image setting unit 231 in
predetermined order according to the present technology
described above, thereby generating temporal lists
(RefPicListTempl [rldx] and RefPiclistTempl[rIdx]) of LO
and L1.

[0256]

The reference image list generating unit 233 refers
to the numbers num ref idx 10 active minusl and
num ref idx 11 active minusl set in the slice header or
the SPS that is supplied from the syntax processing unit
221. The reference image list generating unit 233
extracts reference images corresponding to the number

num ref idx 10 active minusl and the number
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num ref idx 11 active minusl from the temporal lists of
LO/Ll generated by the temporal list generating unit 232
and adds the extracted reference images, thereby
generating reference lists of LO/L1.

[0257]

The reference lists of LO/L1 generated by the
reference image list generating unit 233 are referred to
by the motion parallax prediction/compensation unit 212.
[0258]

[Flow of Decoding Process]

Next, the flow of each process performed by the
image decoding device 200 as above will be described.
First, an example of the flow of the decoding process
will be described with reference to a flowchart
represented in Fig. 16.

[0259]

When a decoding process is started, in Step 5201,
the accumulation buffer 201 accumulates coded data that
is transmitted thereto. In Step S202, the syntax
processing unit 221 acguires header information from the
coded data read at predetermined timing from the
accumulation buffer 201. The syntax processing unit 221
supplies each acquired header information to the lcssless
deccding unit 202 together with the coded data. 1In
addition, the syntax processing unit 221 supplies the
acquire header information {including the VP3, the SPS
(including the RPES), and the slice header) and the like
to the reference list generating unit 222.

[0260]
In Step 3203, the lossless decoding unit 202

decodes the coded data that is supplied from the syntax
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processing unit 221. In other words, an I picture, a P
picture, and a B picture coded by the lossless encoding
unit 106 illustraged in Fig. 1 are decoded.

[0261]

At this time, information of the moticn vector
informaticn, the parallax vector information, the
reference frame informaticn, the prediction mode
information (the intra prediction mode or the inter
prediction mode), the flag, the guantization parameter,
and the like is acquired from each header information.
[0262]

In a case where the predicition mode information is
the intra prediction mode information, the prediction
mode information is supplied to the intra prediction unit
211. In a case where the prediction mode information is
the inter prediction mode information, the prediction
mcde information and the corresponding motion vector
information are supplied to the motion parallax
prediction/compensation unit 212.

102631

In Step S204, the inverse guantization unit 203
performs inverse guantization of the quantized orthogonal
transform coefficient that is acguired through the
decoding process performed by the lossless decoding unit
202, In Step 5205, the inverse orthogonal transform unit
204 performs an inverse orthogonal transform for the
orthogonal transform coefficient that is acquired through
the inverse guantization process performed by the inverse
gquantization unit 203 by using a method corresponding to
the orthcogonal transform unit 104 1llustrated in Fig. 1.

In this way, the differential information corresponding
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to the input {the ocutput of the calculaticn unit 103) of
the crthogonal transfcrm unit 104 illustrated in Fig. 1
is deccded.

[0264]

In Step 8206, the calculation unit 205 adds the
predicted image to the differential information acquired
by the process of Step 8205. Accordingly, the original
image data is decoded.

[0265]

In Step $207, the deblocking filter 206
appropriately filters the decoded image that is acquired
by the process of Step 3206. Accordingly, a block
distortion is appropriately eliminated from the decoded
image. The deblocking filter 206 supplies an image
acquired as a result thereof to the adaptive offset
filter 223.

[G266]

In Step 5208, the adaptive offset filter 223
performs an adaptive offset filter process for the image
after the deblocking filter process performed by the
deblocking filter 206 for each LCU based on the offset
filter information supplied from the syntax processing
unit 221. The adaptive offset filter 223 supplies an
image after the adaptive offset filter process to the
adaptive lcop filter 224.

[0267]

In Step 85209, the adaptive loop filter 224 performs
an adaptive loop filter process for the image supplied
from the adaptive offset filter 223 for each LCU by using
the filter coefficient supplied from the syntax

processing unit 22Z1. The adaptive loop filter 224
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supplies an image acguired as a result thereof to the
decoded picture buffer 209 and the screen rearrangement
buffer 207.

[0268]

In Step 5210, the decoded pichture buffer 209 stores
the filtered decoded image.
[0269]

In Step S211, the reference list generating unit
222 generates a reference list to be referred to when the
motion parallax prediction/compensation unit 212 predicts
a current image. This process of generating a reference
list will be described later in detail with reference to
Fig. 17.

102701

Through the process of Step 3211, a tempcoral list
that is a temporary list used when the reference list is
generated 1s generated by inserting reference images that
can be referred to in the view direction among a
plurality of reference images tThat can be referred to in
the time direction. Then, based on the generated
temporal list, reference lists are generated.

[0271]

In Step S21%Z, the intra prediction unit 211 or the
motion parallax prediction/compensation unit 212 performs
a prediction process of each image in correspondence with
the prediction mode information supplied from the
lessless decoding unit 202.

[0272]

In cther weords, in a case where the intra

prediction mode information is supplied from the lossliess

decoding unit 202, the intra prediction unit 211 performs
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an intra prediction process of the intra prediction mode.
On the other hand, in a case where the inter prediction
mode information is supplied from the lossless decoding
unit 202, the motion parallax prediction/compensation
unit 212 performs a motion parallax
prediction/compensation process of the inter prediction
mode by using a reference image of a reference image
index represented by the reference list generated by the
process of Step S211.

[C273]

In Step 3213, the selection unit 213 selects a
predicted image. In other words, the predicted image
generated by the intra prediction unit 211 or the
predicted image generated by the motion parallax
prediction/compensation unit 212 is supplied to the
selection unit 213. The selection unit 213 selects the
side to which the predicted image is supplied and
supplies the predicted image to the calculation unit 205.
This predicted image is added to the differential
information by the process of Step S3Z06.

[0274]

In Step S214, the screen rearrangement buffer 207
rearranges the frames of the deccded image data. In
other words, the order of frames of the decoded image
data that is rearranged for coding by the scresen
rearrangement buffer 102 (Fig. 1) of the image encoding
device 100 is rearranged in the original display order.
[0275]

In Step 3215, the D/R converter 208 performs D/A
conversion cof the decoded image data of which frames are

rearranged by the screen rearrangement pbuffer 207. This
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decoded image data 1s output to a display not illustrated
in the figure, whereby a corresponding image is displaved.
When the process of Step S$215 ends, the decoding process
ends.

[0276]

[Flow of Reference List Generating Process]

Next, an example of the flow of the reference list
generating process performed in Step $211 represented in
Fig. 16 will be described with reference to a flowchart
illustrated in Fig. 17. In addition, by performing this
process, the reference lists according to the present
technology 1 described above with reference to Fig. © are
generated. This process ls performed only in a case
where the decoded image (in other words, a current image
for a prediction) is a P picture or a B picture.

[cz277)

In Step $SZ203 represented in Fig. 16 described above,
information such as the VPS, the $SPS (including the RPS),
and the siice header of the decoded image is supplied
from the syntax procassing unit 221 to the reference list
generating unit 222. The filag used by curr of the short-
term reference image 1s set in the slice header or the
RPS supplied from the syntax processing unit 221. The
flag used by curr of the long-term reference image is set
in the slice header or the SPS.

[0278]

In Step 5231, the reference image setting unit 231
of the reference list generating unit 222 sets short-term
(before) reference images (STbC) by referring tc the time
information {in other words, the POC information) of the

reference image supplied from the decoded picture buffer
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209 and the flag used by curr of the short-term reference
image of the slice header or the RPS and generates a list
RefPicSetStCurrBeforefi].

[0279]

In Step 5232, the reference image setting unit 231
sets short-term (after) reference images (8TaC) by
referring to the time information of the reference image
supplied from the decoded picture buffer 209 and the flag
used by curr of the short-term reference image of the
slice header or the RPS and generates a list
RefPicSetStCurrAfter([i].

(02801

In Step 5233, the reference image setting unit 231
sets long-term reference images (RefPicSetLtCurr[il:LT)
by referring to the time information (in other word, the
POC information) of the reference image supplied from the
decoded picture buffer 209 and the flag used by curr of
the long~term reference image of the slice header or the
SPS and generates a list RefPicSetlLiCurrlil].

[0281]

In Step 35234, the reference image setting unit 231
sets inter-view reference images (IV) by referring to the
view information of the reference image supplied from the
decoded picture buffer 208 and generates a list
RefPicSetIvCurr[i].

(02821

In Step 5235, the temporal list generating unit 232
compines four types of lists set by the reference image
setting unit 231 in order of SThC, IV, 8TaC, and LT,
thereby generating a temporal list

{(RefPicListTempl{rIdx]) of LO.
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[0283]

In cother words, only reference images, of which the
flag used by curr is “1” in the lists of four types
described above are combined in order of SThC, IV, STacC,
and LT, whereby a temporal list of LC is generated. In
addition, at that time, all the inter-view reference
images {1V) are added.

[0284]

In Step 8238, the temporal list generating unit 232
combines four types of lists set by the reference image
setting unit 231 in order of 8TaC, IV, SThC, and LT,
thereby generating a temporal list
{RefPiclistTempl [rIdx]) of Ll.

[0285]

In other words, only reference images of which the
flag used by curr is “1” are combined in order of 3TaC,
IV, S$ThC, and LT, whereby a temporal list of L1 is
generated. In addition, at that time, while all the
inter-view reference images (IV) are added, the order, as
described above with reference to ¥ig. 8, may ke
configured to be reverse crder of that of the direction
Lo,

[0286]

The numbers num ref idx 10 active minusl and
num ref idx 11 active minusl are set in the slice header
or the 3PS supplied from the syntax processing unit 221.
[06287]

In Step 5237, the reference image list generating
unit 233 extracts the first to the
(num ref idx 10 active minusl+l)-th elements of the

temporal list {RefPiclistTempl{rlIdx]) of LO and generates
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a reference list (RefPicList0{rIdxl} of LO.
[0288]

In step 5238, the reference image list generating
unit 233 extracts the first to the
(num_ref idx 11 active minusl+l)-th elements of the
temporal list {(RefPicListTempl|[rIdxl) of L1l and generates
a reference list (RefPicListl[rIdx]) of L1.

10289]

As above, the inter-view images are inserted
between the short-term (before) reference images and the
short-term (after) reference images, whereby reference
lists described above with reference tc Fig. 5 are
generated.

[0290]
[Another Flow of Reference List Generating Process]

Next, an example of the flow of the reference list
generating process performed in Step 5211 represented in
Fig. 16 will be described with reference to a flowchart
represented in Fig. 18. By performing this process, the
reference lists according to the present technology 2
described above with reference to Fig. 6 are generated.
This process is performed only in a case where the
decoded image (in other words, a current image for a
prediction) is a P picture or a B picture.

[C291]

In Step 5203 represented in Fig. 16 described above,
information such as the VPS, the SPS (including the RPS),
and the slice header of the decoded image is supplied
from the syntax processing unit 221 to the reference list
generating unit 222. The flag used by curr of the short-

term reference image is set in the slice header or the
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RPS supplied from the syntax processing unit 121. The
flag used by curr of the long-term reference image is set
in the siice header or the SPS.

[0292]

In 3tep 3251, the reference image setting unit 231
of the reference list generating unit 222 sets short-term
{before) reference images (3TbC) by referring to the time
information (in other words, the POC information) of the
reference image supplied from the decoded picture buffer
209 and the flag used by curr of the short-term reference
image of the slice header or the RPS and generates a list
RefPicSetsStCurrBefore[i].

(02931

In Step 5252, the reference image setting unit 231
sets short-term {(after) reference images (5TalC) by
referring to the time information of the reference image
supplied from the decoded picture buffer 2Z20% and the flag
used by curr of the short-term reference image of the
slice header or the RPS and generates a list
RefPicSetStlurrAfter{i].

[0294]

In Step 5253, the reference limage setting unit 231
sets long-term reference images (LT) by referring to the
time information of the reference image supplied from the
decoded picture buffer 209 and the flag used by curr of
the long-term reference image of the slice header or the
3PS and generates a list RefPicSetLitCurr{i].

[0295]

In Step 5254, the reference image setting unit 231

sets inter-view reference images (IV) by referring to the

view information of the reference image supplied from the
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decoded picture buffer 209 and generates a list
RefPicSetIvCurrii].
[0296]

In Step $235, the temporal list generating unit 232
generates two lists including a list 1 acquired by
sequentially combining three lists of STbC, 2Tal, and LT
set by the reference image setting unit 231 and a list 2
configured by the IV. In other words, only reference
images, of which the flag used by curr is “1” are
combined in order of SThC, STaC, and LT, whereby the list
1 is generated. In addition, the list 2 is generated by
adding all the IV of the list RefPicSetIvCurrii] to the
list.

[0297]

In Step 5256, the temporal list generating unit 232
extracts one element from the start of each of the lists
1 and 2 generated in Step 3255 and alternately aligns the
extracted elements, thereby generating a temporal list
(RefPiciistTempl[rIdx]) of LO.

[0288]

In Step $257, the temporal list generating unit 232
generates two lists including a list 11 acguired by
seguentially combining three lists STaC, 3TbC, and LT set
by the reference image setting unit 231 and a list 12
configured by the IV. In cther woerds, only the reference
images of which the flag used by curr is “1” are combined
in order of STaC, STbC, and L7, whereby the list 11 is
generated. In additicn, while the list 12 is generated
by adding all the IV of the list RefPicSetlIvCurri{i], at
that time, as described above with reference to Fig. §,

the inter-view reference images may be added in order
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that is reverse order of the order of the direction LO.
[3299]

In Step 5258, the temporal list generating unit 232
extracts one element from the start of each of the lists
11l and 12 generated in Step S255 and alternately aligns
the extracted elements, thereby generating a temporal
list (RefPiclListTempl{rIdx]) of LI.

10300}

The numbers num ref idx 10 active minusl and
num ref idx 11 active minusl are set in the slice header
or the SP3 supplied from the syntax processing unit 221.
[0301]

In Step 3259, the reference image list generating
unit 233 extracts the first o the
(num_ref idx 10 active minusl+l)-th elements of the
temporal list (RefPiclistTempClrIdx]) of LD and generates
a reference list (RefPiclListO{rIidxl) of LO.

(03027

In Step 8260, the reference image list generating
unit 233 extracts the first to the
(num_ref_idx_ll_active_minusl+1)—th elements of the
temporal list (RefPicListTempl{rIdx]) of L1 and generates
a reference list {RefPicListl[rIdx])} of L1.

[0303]

As above, in the generation of the temporal lists,
the reference images disposed in the time direction and
the reference images disposed in the view directiog are
alternately arranged, whereby the reference lists
described above with reference to Fig. & are generated.
[030C4]

In addition, in the description presented above, as
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a coding system, while the HEVC system is used as the
base, the present technclogy 1is a technology at the time
of performing display but is not limited to a specific
coding system. Thus, the present technology i1s not
limited to theg HEVC system, but any other coding
system/decoding system can be used. For example, the
present technology may be applied also to a device that
pverforms a coding/decoding process having an AVC system
to be described below as its base.

[0305]

<3, Third Embodiment>

[Another Configuration of Image Encoding Device]

Fig. 19 illustrates the configuration of an image
encoding device according to another embodiment as an
image processing device to which the present disclosure
is applied. An image encoding device 300 represented in
Fig. 19 is different from the image encoding device 100
represented in Fig. 1 only in that a coding process using
an AVC system is performed.

0306

In Fig. 19, the same reference numeral is assigned
to the same configuration as that illustrated in Fig. 1.
Thus, duplicate description therecf is not presented as
is appropriate.

[0307]

The image encoding device 300 illustrated in Fig.
19 includes: an A/D (analog/digital} converter 101; a
screen rearrangement buffer 102; a calculation unit 103;
an orthogonal transform unit 184; a gquantization unit
102; a lossless encoeding unit 10&; and an accumulation

buffer 107. In addition, the image encoding device 108
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includes: an inverse gquantization unit 108; an inverse
crthogonal transform unit 109; a calculation unit 110; a
deblocking filter 111; a decoded picture buffer 112; a
selection unit 113; an intra prediction unit 114; a
motion parallax predicticon/ceompensation unit 115; a
selection unit 116; and a rate control unit 117.

[0308]

Furthermore, the image encoding device 100
includes: a syntax processing unit 121; and a reference
list generating unit 122Z2.

[0309]

In other words, the configuration of the image
encoding device 300 illustrated in Fig. 1% is different
from that of the image encoding device 100 illustrated in
Fig. 1 only in that the adaptive offset filter 123 and
the adaptive loop filter 124 are excluded, and the
lossless encoding unit 106 performs coding not by using
the HEVC system but by using the AVC system. Thus, the
image encoeding device 300 performs the coding process not
in units of CUs but in units of blocks.

{03101

Targets for the coding process performed by the
lossless encoding unit 106 are basically the same as
those for the lossless encoding unit 106 illustrated in
Fig. 1 except for the parameters of the adaptive offset
filter and the adaptive lcop filter, In other words, the
lossless encoding unit 106, similar to the lossless
encoding unit 106 illustrated in Fig. 1, acguires the
intra prediction mode information from the intra
prediction unit 114. In addition, the lossless encoding

unit 106 acgulres the inter prediction mode information,
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the moticon wvectcor, the information specifying reference
images, and the like from the motion parallax
prediction/compensation unit 115,

[0311]

The lossless encoding unit 106, similar to the
lossless encoding unit 106 illustrated in Fig. 1,
performs a lcessless coding process such as a variable-
length coding process (for example, the CAVLC) or an
arithmetic coding process (for example, the CABAC) for
the gquantized coefficient supplied from the guantization
unit 105.

(03121

The lossless encoding unit 106, similar to the
lossless encoding unit 106 illustrated in Fig. 1, codes
the quantized transform coefficient and sets the intra
predicticn mede information, the inter prediction mode
information, the moticn vector information, and the
gquantization parameter as a part of the header
information of the coded data (multiplexing). The
lossiess encoding unit 106 supplies the coded data
acguired by the coding process to the accumulation buffer
107 so as to be accumulated therein.

[03131

The deblocking filter 111 filters a locally-decoded
image supplied from the calculation unit 110, thereby
eliminating a block distortion. The debleocking filter
111 supplies an image acquired as a result thereof to the
decoded picture buffer 112 so as to be accumulated
therein.

[0314]

The image accumulated in the decoded picture buffer
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112 is cutput to the intra prediction unit 114 or the
motion parallax prediction/compensation unit 115 through
the selection unit 113 as a reference image.

[0315]

The present technology can be applied to such an
image encoding device using the AVC system.
[0316]

[Another Configuration Example of Decoding Unit]

Fig. 20 illustrates the configquration of an image
decoding device according to another embodiment as an
image processing device to which the present disclosure
is applied. An image decoding device 350 illustrated in
Fig. 20 is a decoding device that corresponds to the
image encoding device 300 illustrated in Fig. 19. The
image decoding device 350 represented in Fig. 20 is
different from the image decoding device 200 illustrated
in Fig. 14 only in that a decoding process is performed
using the AVC system.

[0317]

Im Pig. 20, the same reference numeral is assigned
to the same configuration as that illustrated in Fig. 14.
Thus, duplicate descripticon therecf i1s not presented as
is appropriate.

(0318}

The image decoding device 350 illustrated in Fig.
20 includes: an accumulation buffer 201; a lossless
decoding unit 202; an inverse guantization unit 203; an
inverse orthogonral transform unit 204; a calculation unit
205; a deblocking filter 206; a screen rearrangement
buffer 207; a D/A converter 208; a decoded picture buffer

209; a selection unit 210; an intra prediction unit 211;
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a motion parallax prediction/compensation unit 212; and a
selection unit Z2Z13.
[0319]

The configuration of the image decoding device 350
illustrated in Fig. 20 is different from that of the
image decoding device 200 illustrated in Fig. 14 only in
that the adaptive offset filter 223 and the adaptive loop
filter 224 are excluded, and the lossless decoding unit
202 performs a decoding process not by using the HEVC
system but by using the AVC system. Thus, the image
deccding device 350 performs the decoding process not in
units of CUs but in units of blocks.

103207

Targets for the decoding process performed by the
lossless decoding unit 202 are basically the same as
those for the lossless decoding unit 202 illustrated in
Fig. 14 except for the parameters of the adaptive offset
filter and the adaptive loop filter. In other words,
accumulation buffer 201 accumulates coded data that has
been transmitted thereto. This coded data is coded by
the image encoding device 300.

[0321]

The syntax processing unit 221, similar to the
syntax processing unit 221 illustrated in Fig. 14,
acguires a seguence parameter set, a picture parameter
set, a slice header, and the like from the coded data
read from the accumulation buffer 201 at predetermined
timing and suppiises each header information that has been
acguired to the lossless decoding unit 202 together with
the coded data. In addition, the syntax processing unit

221 supplies the header information and the like that
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have been acguired to the reference list generating unit
222 .
[0322]

In addition, the lossless decoding unit 202,
similar to the lossless decoding unit 202 illustrated in
Fig. 14, performs a lossless decoding process such as a
variable-length decoding process cr an arithmetic
decoding process for the coded data supplied from the
syntax processing unit 2ZZ1, thereby acquiring a guantized
coefficient. The lossless decoding unit 202 supplies the
quantized coefficient to the inverse guantization unit
203.

[0323]

The deblocking filter 206 performs filtering for
the image supplied from the calculation unit 205, thereby
eliminating a block distortion. Then, the deblocking
filter 206 supplies an image acquired as a result thereof
to the deccded picture buffer 209 and the screen
rearrangement buffer 207.

10324

The present technology can be applied alsc to such
an image deccding device using the AVC system.
[0325]

In addition, the present disclosure, for example,
may be applied to an image encoding device and an image
decoding device that are used when image information {bit
stream} compressed using an orthogonal transform such as
a discrete cosine transform and motion compensation, like
MPEG, H. 26x, or the like, is received through a network
medium such as satellite broadcast, cable television, the

Internet, or a mobile phone. In addition, the present
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disclosure may be applied to an image encoding device and
an image decoding device that are used when information
is processed on a storage medium such as an optical disc,
a magnetic disk, or a flash memcry. Furthermore, the
present disclosure may be appllied alsc to the motion
prediction/compensation device included in the image
encoding device and the image decoding device described
above, and the like.

[0326]

<4. Fourth Embodiment>
[Computer]

The series of processes described above may be
performed by hardware or software. In a case where the
series of processes 1s performed by software, & program
that configures the software 1s installed to a computer.
Here, the computer includes a computer that is built into
dedicated hardware, a computer that can execute various
functions by having various programs installed thereto
such as a general-purpose computer, and the like.

[0327]

Fig. 21 is a block diagram that i1llustrates an
example of the hardware configuration of the computer
that executes the series of processes described above in
accordance with a program.

10328]

In & computer 500, a central processing unit (CPU)
501, a read only memocry {(ROM) 502, and a random access
memory (RAM) 503 are interccennected through a bus 504.
[0329]

In addition, an input/output interface 510 is

connected to the bus 504. To the input/output interface



10

15

20

25

30

92
SP351692W000

510, an input unit 51l, an output unit 512, a storage
unit 513, a communication unit 514, and a drive 515 are
connected.

[0330]

The input unit 511 1is configured by a keyboard, a
mouse, a microphone, and the like., The cutput unit 512
is configured by a display, a speaker, and the like. The
storage unit 513 1s configured by a hard disk, a non-
velatile memory, or the like. The communication unit 514
is configured by a network interface or the like. The
drive 515 drives a removable medium 521 such as a
magnetic disk, an optical disc, a magneto-optical disk,
or a semiconductor memory.

[03311

In the computer configured as described above, the
CPU 501 performs the series of processes described above,
for example, by loading a program stored in the storage
unit 513 into the RAM 503 througn the input/output
interface 510 and the bus 504 and executing the program.
[0332]

The program executed by the computer 500 (CPU 501},
for example, may be provided by being recorded on the
removable medium 521 as a package medium or the like., In
addition, the program may be provided through a wired or
wireless transmission medium such as a local area network,
the Internet, or digital satellite broadcasting.

[0333]

In the computer, the program can be installed to
the storage unit 513 through the input/output interface
510 by loading the removable medium 521 into the drive

515. In addition, the program may be received by the
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communicaticn unit 514 through a wired or wireless
transmission medium and be installed to the storage unit
513. Furthermore, the proegram may be installed in
advance to the ROM 502 or the storage unit 513.

[0324]

In addition, the program executed by the computer
may be a program that performs the process in a time
series in the sequence described here or may be a program
that performs the process in a parallel manner or at
necessary timing such as timing when the program is
called.

[0335]

Furthermore, in this specification, a step
describing the program recorded on a recording medium
includes not only a process performed in a time series
along the described order but also a process that is
performed in & parallel manner or an individual manner
without being necessarily processed in a time series.
[0336]

In addition, in this specification, a system
represents a whole apparatus that is configured by a
plurality of devices (apparatuses).

[0337]

Furthermore, a configuration described above as one
device {or one processing unit) may be divided so as to
be configured as a plurality of devices {or processing
units). To the contrary, a configuration described above
as a plurality of devices (or processing units) may be
arranged to be configured as one device (or one
processing unit). In additicn, a configuration that has

not been described above may be added to the
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cenfiguration of each device {or each processing unit).
Furthermore, as long as the overall configuration and the
overall operatiocon of the system are substantially the
same, a part of the configuration of a specific device
(or a specific processing unit) may be configured to be
included in a configuration of another device {(or another
processing unit). In other words, the present technology
is not limited to the embodiments described above, but
various changes may be made therein in a range not
departing from the concept of the pressent technology.
[0338]

The image encoding device and the image decoding
device according to the embodiments described above can
be applied to various electronic apparatuses such as a
transmitter or a receiver for wired broadcasting such as
satellite broadeasting or cable TV, transmission on the
Internet, transmission to a terminal through cellular
communication, or the like, & recording apparatus that
records an image on a medium such as an optical disc, a
magnetic disk, or a flash memory, or a reproduction
apparatus that reproduces an image from the storage
medium. Herelnafter, four application examples will be
described.

[G339]
<5. Application Examples>
[First Application Example: Television Receiver]

Fig. 22 illustrates a schematic configuration
example of a television apparatus Lo which the above-
described embodiment is applied. A television apparatus
900 includes: an antenna 901; a tuner 902; a

demultiplexer 903; a decoder 204; a2 video signal
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processing unit 205; a display unit 906; an audio signal
processing unit 907; a speaker 908; an external interface
909; a control unit 910; a user interface 9211; and a bus
912.

[0340]

The tuner 902 extracts a signal cof a desired
channel from a broadcast signal received through the
antenna 201 and demcodulates the extracted signal. Then,
the tuner %02 outputs a coded bit stream acquired through
demodulaticon to a demultiplexer 303. In other words, the
tuner 902 serves as a transmission means of the
television apparatus 900 that receives a coded stream in
which an image is coded.

(03411

The demultiplexer 903 separates a video stream and
an audio stream of a program to be watched from the coded
bit stream and cutputs sach separated stream to a decoder
904. In addition, the demultiplexer 803 extracts
auxiliary data such as EPG (Electronic Program Guide)
from the coded bit stream and supplies the extracted data
to a control unit 910. Furthermore, the demultiplexer
902 may perform descrambling in a case where the coded
bit stream is scrambled.

[G342]

The decoder 904 decodes the video stream and the
audioc stream input from the demultiplexer 203. Then, the
decoder 804 cutputs video data generated by a decoding
process to a video signal processing unit 905. In
addition, the decoder 3904 outputs audio data generated by
the decoding process to an audio signal processing unit

907.



i0

15

20

25

30

96
SP351682W0O00

[0343)]

The video signal processing unit 9205 reproduces the
video data input from the decoder 204 and causes a
display unit 906 to display video. The video signal
processing unit 9205 may alsc cause the display unit 206
to display an application screen supplied through the
network. In addition, the video signal processing unit
905 may perform an additicnal process such as noise
removal for the video data according to a setting.
Furthermecre, the video signal processing unit 905 may
generate a GUI (Graphical User Interface) image such as a
meny, a button, and a cursor and superimpcse the
generated image on an output image.

[0344]

The display unit 906 is driven according to a drive
signal supplied from the video signal processing unit 905
s0 as to display a video or image on a video screen of a

isplay device (for example, a liguid crystal display, a
plasma display, an OELD {(Organic ElectroLuminescence
Display (organic EL display), or the like).

[0345]

The audico signal processing unit 907 performs a
reproducing proecess such as D/A conversicn and
amplification for the audio data input from the decoder
904 and causes a speaker 908 to output the audio. In
addition, the audioc signal processing unit 907 may
perform an additional process such as noise removali for
the audio data.

[0346]

An external interface 90% is an interface for

connecting the television apparatus 900 to an external
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device cor the network. For example, a video stream or an
audio stream received through the external interface 909
may be deccded by the decoder 904. In other words, the
axternal interface %09 also serves as a Lransmission
means of the television apparatus 900 that receives a
coded stream in which an image is coded.

[0347]

The control unit 910 includes a processor such as a
CPU and a memory such as a RAM or a ROM. The memory
stores a program executed by the CPU, program data, EPG
data, data acguired through the network, and the like.
The program stored in the memory, for example, is read by
the CPU on activation of the television apparatus %00 and
is executed. The CPU controls the coperation cf the
television apparatus 9200, for example, according to an
operation signal input from a user interface 911 by
executing the program.

[0348]

The user interface %11 is connected to the contrel
unit %10. The user interface 211, for example, includes
a button and a switch for a user to coperate the
television apparatus %00, a reception unit for a remote
control signal, and the like. The user interface 211
detects a user’s operation through such components,
generates an operation signal, and outputs the generated
operation signal to the control unit 910.

[0349)

The bus 212 mutually connects the tuner 902, the
demultiplexer 203, the deccder 904, the videc signal
processing unit 9053, the audio signal processing unit 207,

the external interface 809, and the control unit 910,
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[0350]

In the television apparatus 900 configured in this
way, the decoder 204 has the function of the image
deceding device according to the above~-described
enbodiment. Accordingly, when an image 1s decoded in the
television apparatus 900, the coding efficiency in a
multi-viewpoint coding process can be improved.

[0351]
[Second Application Example: Mcobile Phone]

Fig. 23 illustrates an example of the schematic
configuration of a mobile phone to which the above~
described embodiment is applied. A mobile phone 920
includes an antenna 921, a communication unit 922, an
audioc codec 923, a speaker 924, a microphones %925, a
camera unit 926, an image processing unit 927, a
multiplexing/separating unit 928, a recording/reproducing
unit 892%, a display unit 230, a control unit 931, an
operation unit 932, and a bus 933.

[0352]

The antenna 921 is connected to the communication
unit 922. The speaker 224 and the microphone 925 are
connected to the audio codec 923. The operation unit 932
is connected to the control unit 231. The bus 933
mutually connects the communication unit 922, the audio
codec 923, the camera unit 926, the image processing unit
927, the multiplexing/separating unit 928, the
recording/reproducing unit 929, the display unit 230, and
the control unit 9231.

[0353]
The mobile phone 920 performs coperation such as

transmission/reception of an audio signal,
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transmission/reception of an e-mail or image data, image
capturing, and recording of data in variocus operation
modes including a voice call mode, a data communication
mode, an imaging mode, and a television-phone mode.
[0354]

In the wvoice call mode, an analog audio signal
generated by the microphone 925 is supplied to the audio
codec 923. The audio cecdec 923 converts the analog audio
signal into audioc data, performs A/D conversion of the
converted audio data, and compresses the audio data.
Then, the audio codec 223 outputs the compressed audio
data to the communication unit %22. The communication
unit 9222 codes and modulates the audio data to generate a
transmission signal. Then, the communication unit 822
transmits the generated transmission signal to a base
gstation (nct illustrated in the figure) through the
antenna 921. In addition, the communication unit 922
amplifies a wireless signal received through the antenna
921 and performs frequency conversion of the wireless
signal, thereby acquiring a reception signal. Then, the
communication unit %22 generates audio data by
demodulating and decoding the reception signal and
outputs the generated audio data to the audio codec 923.
The audio codec 923 performs decompression and D/A
conversion of the audio data, thereby genserating an
analog audic¢ signal. Then, the audioc codec 823 supplies
the gernerated audio signal to the speaker 924 to causes
audio to be outputted.

[0355]
In the data communication mode, for example, the

control unit 931 generates character data configuring an
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e-mail according to a user’s operation performed thzough
the operaticn unit 932. In addition, the control unit
931 causes the display unit 830 to display characters.
The control unit 931 generates e-mail data according to a
transmission instruction from the user through the
operation unit 932 and ocutputs the generated e-mail data
to the communication unit 92Z22. The communication unit
922 codes and modulates the e-mail data, thereby
generating a transmission signal. Then, the
communication unit 922 transmits the generated
transmission signal to a base station (not illustrated in
the figure} through the antenna 9821. In addition, the
communication unit %22 performs amplification and
freguency conversion of the wireless signal received
through the antenna 921, thereby acguiring a reception
signal. Then, the communication unit %22 demodulates and
decodes the reception signal to restore the e-mail data
and outputs the restored e-mail data te the control unit
931. The control unit 831 causes the display unit 930 to
display a content of the e-mail data and stores e-mail
data on a recording medium c¢f the recording/reproducing
unit 9292,

[0356]

The recording/reproducing unit 929 includes an
arbitrary readable and writable storage medium. For
example, the storage medium may be a built-in storage
medium such as a RAM and a flash memory or may be an
external mounting-type storage medium such as a hard disk,
a magnetic disk, a magneto-optical disc, an optical disc,
a USE {Universal Serial Bus) memory, or a memory card.

[0357]
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In the imaging mode, for example, the camera unit
926 images an oblject to generate image data and outpubs
the generated image data to the image processing unit 927.
The image processing unit 927 codes the image data input
from the camera unit 926 and stores a coded stream on a
recording medium of the storing/reproducing unit 529.
[0358]

In addition, in the television-phone mode, for
example, the multiplexing/separating unit 928 multiplexes
the video stream coded by the image processing unit 927
and the audic stream input from the audio codec 823 and
ocutputs a resultant multiplexed stream to the
communication unit 922. The communication unit 922 codes
and modulates the stream, thereby generating a
transmission signal. Then, the communication unit 922
transmits the genevrated transmission signal to a base
station {not illustrated in the figure) through the
antenna 9%2Z1. In addition, the communication unit 822
performs amplification and frequency conversion of a
wireless signal received through the antenna 921, thereby
acquiring a reception signal. The transmission signal
and the reception signal are acquired with the coded bit
stream being included therein. Then, the communication
unit 922 restores the stream by demodulating and decoding
the reception signal and outputs the restored stream to
the multiplexing/separating unit 928. The
multiplexing/separating unit 928 separates a video stream
and an audio stream from the input stream and outputs the
video stream and the audlo stream respectively to the
image processing unit 9227 and the audioc codec 923. The

image processing unit 927 decodes the video stream to
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generate video data. The video data is supplied to the
display unit 930, and a series of images is displayed by
the display unit 930. The audio codec 923 performs
decompression and D/A conversion of the audio stream,
thereby generating an analog audic signal. Then, the
audio codec 9223 supplies the generated audio signal to
the speaker 924 tce cause an audio to be outputted.

103591

In the mobile phone %20 configured in this way, the
image processing unit 927 has the functions of the image
encoding device and the image decoding device according
to the above-described embodiments. Accordingly, when an
image is coded and decoded in the mobile phone 920, the
coding efficiency in a multi-viewpoint coding process can
be improved.

[C360]
[Third Application Example: Recording/Reproducing
Apparatus]

Fig. 24 is a block diagram that illustrates an
example of the schematic configuration of a
recording/reproducing apparatus to which the above-
described embodiment is applied. A recording/reproducing
apparatus 940, for example, codes audio data and video
data of a received broadcast program and records the
coded data on a recording medium. In addition, the
recording/reproducing apparatus %40, for example, may
code audio data and video data acguired from another
apparatus and record the coded data on a recording medium.
Furthermore, the recording/reproducing apparatus 940, for
example, reproduces the data reccrded on the recording

medium using the monitor and the speaker according tc a
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user’s instruction. At that time, the
recording/reproducing apparatus %40 decodes the audio
data and the video data.

103611

The recording/reproducing apparatus %940 includes: a
tuner 941; an external interface unit 924Z; an encoder
943; a hard disk drive (HDD) unit 944; a disk driver 945;
a selector 946; a decoder 947; an on—-screen display (0OSD)
unit 948; a control unit 249; and a user interface unit
950.

[0362]

The tuner %41 extracts a signal of a desired
channel from a broadcast signal received through an
antenna (not illustrated in the figure)} and demodulates
the extracted signal. Then, the tuner 941 outputs a
coded bit stream acquired by the demodulation process to
the selector 946¢. In other words, the tuner 941 serves
as a transmission means of the recording/reproducing
apparatus 940,

[0363]

The external interface unit 942 is an interface
used for connecting the recording/reproducing apparatus
940 and an external device or the network. The external
interface unit %42, for example, may be an IEEE 1394
interface, a network interface, a USBE interface, a flash
memory interface or the like. For example, the video
data and the audio data received through the external
interface unit %942 are input to the encoder 943. In
other words, the external interface unit 942 serves as
the transmission means of the recording/reproducing

apparatus 2940.
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[0364]

In a case where the video data and the audioc data
input from the external interface unit 24Z are not coded,
the encoder 943 codes the video data and the audio data.
Then, the encoder 943 cutputs a coded bit stream to the
selector 946.

[0365]

An HDD unit 244 records the coded bit stream in
which contents data such as a video and am audic is
compressed, various programs, and other data in an
internal hard disk. When a videc and an audio are
reproduced, the HDD unit %44 reads data thereof from the
hard disk.

[0366]

The disk drive 3845 records and reads dats on/from a
loaded recording medium. The recording medium loaded
into the disk drive 945, for example, may be a DVD disc
{a DVD-Video, a DVD-RAM, a DVD-R, a DVD-RW, DVD+R, a
DVD+RW or the like), a Blu-ray {registered trademark)
disc, or the like.

[0367]

When a video and an audio are recorded, the
selector 946 selects a coded bit stream input from the
tuner 9241 or the encoder %43 and cutputs the selected
coded bit stream to the HDD unit %44 or the disk drive
945. In addition, when the video and the audio are
reproduced, the selector %46 cutputs the coded it stream
input from the HDD unit 244 or the disk drive 945 to the
decoder 947.

(03681

The decoder 947 decodes the coded bit stream to
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generate video data and audio data. Then, the decoder
947 outputs the generated video data to an OSD unit 948.
In addition, the decoder 947 outputs the generated audio
data to an external speaker.

[0369]

The OSD unit 948 reproduces the video data input
from the decoder 947, thereby displaying the video. The
03D unit 948 may superimpose an image of a GUI such as a
menu, a button, a cursor, or the like on the displayed
video.

[037¢C]

The control unit 949 inciudes a processcor such as a
CPU and a memory such as a RAM or a ROM. The memory
stores a program executed by the CPU, program data, and
the like. The program stored in the memory, for example,
is read and executed by the CPU on activation of the
recording/reproducing apparatus 940. The CPU controls
the operation of the recording/reproducing apparatus 940,
for example, according to an operation signal input from
the user interface unit 950 by executing the program.
[0371]

The user interface unlt %50 is connected to the
control unit 949. The user interface unit 950, for
example, includes a butteon and a switch for the user to
operate the recording/reproducing apparatus 940 and a
reception unit for a remcte control signal. The user
interface unit 950 detects a user’s ocoperation through the
constituent elements to generate an operation signal and
outputs the generated operation signal to the control
unit 949.

[0372]
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In the recording/reproducing apparatus 940
configured in this way, the encoder 943 has the function
of the image encoding device according to the above-
described embodiment. In addition, the decocder 947 has
the functicon of the image decoding device according to
the above-described embodiment. Accordingly, when an
image is coded or decoded in the recording/reproducing
apparatus 940, the coding efficiency in a multi-viewpoint
coding process can be improved.

[0373]
[Fourth Application Example: Imaging Apparatus]

Fig. 25 1lllustrates an example of the schematic
configuration of an imaging apparatus to which the above-
described embodiment is applied. An imaging apparatus
960 images an object to generate an image, codes the
image data, and records the coded image data on a
recording medium.

[0374]

The imaging apparatus %60 includes an optical block
961, an imaging unit %962, a signal processing unit 863,
an image processing unit 264, a display unit 965, an
external interface 966, a memory 967, a media drive 268,
an 08D 969, a controcl unit 970, a user interface 971, and
a bus 272.

[0375]

The optical block 261 is connected to the imaging
unit 962. The imaging unit 962 is connected to the
signal processing unit 963. The display unit 965 is
connected to the image processing unit %64. The user
interface 971 is connected te the contrel unit 970. The

bus 972 mutually connects the image processing unit 964,



10

15

20

25

30

107
SP351692ZW000

the external interface 966, the memory %67, the media
drive 968, the 0SD 969, and the control unit 870,
[0376]

The optical block 961 includes a focus lens, a
diaphragm mechanism, and the like. The optical block 46l
forms an optical image of the object on an imaging
surface of the imaging unit 962. The imaging unit 262
includes an image sensor such as a charge coupled device
(CCh)y and a complementary metal oxide semiconductor
(CMOS) and converts the optical image formed on the
imaging surface into an image signal as an electric
signal throucgh photoelectric conversion. Then, the
imaging unit 962 outputs the image signal to the signal
processing unit 963.

10377]

The signal processing unit 963 performs various
camera signal processes such as a knee correction, a
gamma ccrrection, a color correction, and the like for
the image signal input from the imaging unit 262. The
signal processing unit 963 ocutputs the image data after
the camera signal processes to the image processing unit
964.

[0378]

The image processing unit 964 codes the image data
input from the signal processing unit 263 to generate
coded data. Then, the image processing unit 964 ocutputs
the generated coded data to the external interface 966 or
the media drive 968. In addition, the image processing
unit 964 decodes the coded data input from the external
interface 966 or the media drive 968 to generate image

data. Then, the image processing unit 264 outputs the
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generated image data to the display unit 965. In
addition, the image processing unit %64 may oubtput the
image data input from the signal processing unit 983 to
the display unit 965 to display the image. Furthermore,
the image processing unit 964 may superimpose data for
display that is acguired from the 038D 969 on the imadge
output to the display unit 965.

(03791

The 03D 869, for example, generates an image of a
GUT such as a menu, a buitton, a cursor, or the like and
outputs the generated image tc the image processing unit
964.

[0380]

The external interface 9566, for example, is
configured as an USB input/output terminal. The external
interface 966, for example, connects the imaging
apparatus %60 and & printer when an image is printed. In
addition, a drive is connected to the external interface
966 as 1s necessary. A removable medium such as a
magnetic disk or an optical disc is loaded into the drive,
and a program read from the removable medium may be
installed to the imaging apparatus 9%60. Furthermore, the
external interface 966 may be configured as a network
interface that is connected to a network such as a LAN,
the Internet, or the like. In other words, the external
interface 966 serves as a transmission means of the
imaging apparatus 960.

[0381]

The recording medium loaded into the media drive

868, for example, may be an arbitrary readable/writable

removable medium such as a magnetic disk, a magneto-
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optical disk, an optical disc, or a semiconductor memory.
Tn addition, it may be configured such that a recording
medium is fixedly mounted to the media drive 968 to
configure a non-portable storage unit such as a built-in
hard disk drive or an solid state drive {(388D).

[o382]

The control unit 970 includes a processor such as a
CPU and a memory such as a RAM or a ROM. The memory
stores a program executed by the CPU, program data, and
the ilike. The program stored in the memory 1s read by
the CPU, for example, on activation of the imaging
apparatus 960 and 1s executed. The CPU controls the
operatiocn of the imaging.apparatus 960, for example,
according to an operation signal input from the user
interface 271 by executing the program.

[0383]

The user interface 871 1s connected te the control
unit 970. The user interface 971, for example includes a
button, a switch, and the like for a user to operate the
imaging apparatus 260. The user interface 971 detects a
user’s operation through the constituent elements to
generate an operaticn signal and outputs the generated
operation signal to the control unit 970.
[0384]

In the imaging apparatus 960 configured in this way,
the image processing unit 964 has the functions of the
image encoding device and the image decoding device
according to the above-described embodiments.
Accordingly, when an image is coded or decoded in the
imaging apparatus 960, the coding efficiency in a multi-

viewpoint coding process can be improved.
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{03857

<6, Fifth Embodiment>
(Cther BExamples]

In the description presented above, while the
examples of the devices and system, or the like to which
the present technology is applied have been described,
the present technelegy is not limited thereto. Thus, the
present technology may be applied as all the
configurations mounted to a device configuring such a
device or system, for example, a processor as a system
large scale integration (LSI} or the like, a module that
uses a plurality of preocessors or the like, a unit that
uses a plurality of modules or the like, or a set or the
like (in other words, a part of the cenfiguration of the
device) acquired by adding other functions to the unit.
[0386]

[Video Set]

An example of a case where the present technology
is applied as a set will ke described with reference o
Fig. 26. Fig. 26 illustrates an example of the schematic
configuration of a video set to which the present
technology is applied.

[0387]

Recently, the implementaticn of multiple functions
of an electronic device is in progress, and, in the
development or the manufacturing thereof, in a case where
a part of the configuration is provicded for sale,
provision, or the like, there are not only a case where
the configuration having one function is applied but also
a case where one set having a plurality of functions,

which 1s acguired by combining a plurality of
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configurations having relating function, is applied,
which 1is widely used.
[0388]

A video set 1300 illustrated in Fig. 26 has such a
multi-functicn configuration and is acquired by combining
a device having a function relating to image coding or
image decoding (any one thereof or both thereof) with
devices having other functions relating to the function.
[0389]

As idllustrated in Fig. 26, the video set 1300
includes a module group that includes a video module 1311,
an external memory 1312, a power management module 1313,
a front end module 1314, and the like and devices having
related functicns of a connectivity 1321, a camera 1322,
a sensor 1323, and the like,

[0390]

A module is formed as a component having a function
having unity by arranging several component functions
relating to each other together. While a specific
rhysical configuration is arbitrary, for example, a
module acqguired by arranging a plurality of processoré
each having a functicn, an electronic circuit component
such as a resistor or a capacitor, and other devices or
the like on a wiring board or the like so as to be
integrated together may be considered. In addition, it
may ke considered tc form & new module by combining a
module with other modules, raocessors, and the Ilike.
[0391]

In the example illustrated in Fig.26, the video
module 1311 is acquired by combining configurations

having functions relating to image processing and
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includes: an application processor; a video processor; a
broadband modem 1333; and an RF module 13324.
[0392]

The processor 1s acqguired by integrating a
configuration having a predetermined function on a
semiconductor chip as system on a chip (ScC) and, for
example, there is also the processor that is called a
system large scale integration (LSI) or the like. The
configuration having the predetermined function may be a
legic circuit (hardware configuration), a configuration
including a CPU, a ROM, a RAM, and the like and a program
{software configuration) executed using them, or a
configuration combining both the configurations described
above. For example, it may be configured such that the
processor includes legic circuits, a CPU, a ROM, a RAM,
and the like, some functions are realized by the logic
circuits (hardware configuration), and the other
functions are realized by a program (software
configuration) executed by the CPU.

[0393]

An application processcr 1331 illustrated in Fig.
26 1s a processor that executes an application relating
to image processing. In order to realize predetermined
functicons, the application executed by the application
processor 1331 may not only perform a calculation process
but also control the configurations ¢f the inside and the
outside of the videc module 1311 such as a video
processor 1332 as 1s necessary.

03247
The video processor 13322 is a prcocesscor that has a

function relating to image coding and image decoding (one
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thereof or both thereof).
03951

The broadband modem 1333 is a processor (or a
module) that performs the process relating to wired or
wireless (or both thereof)} broadband communication
performed through a brecadband line such as the Internet
or a public telephone network. For example, the
broadband modem 1333 converts data (digital signal} to be
transmitted into an analog signal through digital
modulation cr the like or demodulates a received analog
signal so as to be converted into data (digital signal).
For example, the broadband modem 1333 can perform digital
modulation/demodulation of arbitrary information such as
image data prccessed by the video processor 1332, a
stream in which the image data is coded, an application
program, setting data, and the like.

[03%6]

The RF module 1334 1s a module that performs
frequency conversicon, modulation/demcdulation,
amplification, a filter process, and the like for an RF
(Radio Freguency) signal that is transmitted/received
through an antenna. For example, the RF mcdule 1334
generates an RF signal by performing freguency conversion
and the like for a baseband signal generated by the
broadband modem 1333. In addition, for example, the RF
module 1334 generates a baseband signal by perfcrming
frequency conversion and the like for an RF signal
received through the front end module 1314.

[0397]
In addition, as denoted by a dotted line 1341 in

Fig. 26, the application processor 1331 and the wvideo
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processor 1332 may be integrated so as to be configured
as one processor.
[0398]

The external memory 131Z is a module that is
disposed outside the video module 1311 and includes a
storage device used by the videc moedule 1311. The
storage device of the external memcry 1312 may be
realized by a certain physical configuration. However,
generally, since the storage device is Irequently used
for storing data having a large capacity such as image
data configured in units of frames, the storage device is
preferably realized by a semiconductor memory that has a
large capacity at relatively low cost such as a dynamic
random access memory {(DRAM).

[0399]

The power management module 1313 manages and
controls the supply of power to the video module 1311
{each configuration within the video module 1311).

(04040]

The front end module 1314 is a module that provides
a front end function (a transmission/reception-end
circult on the antenna side) for the RF module 1334. As
illustrated in Fig. 26, the front end module 1314, for
example, includes an antenna unit 1351, a filter 1352,
and an amplification unit 1353.

[04C1]

The antenna unit 1351 includes an antenna that
transmits/recelves a wireless signal and a peripheral
configuration thereof. The antenna unit 1351 transmits a
signal suppliled from the amplification unit 1353 as a

wireless signal and supplies a received wireless signal
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to the filter 1352 as an electric signal (RF signal}.
The filter 1352 performs a filter process and the like
for the RF signal received through the antenna unit 1351
and supplies the RF signal after the process to the RFE
module 1334. The amplification unit 1353 amplifies the
R¥ signal supplied from the RF module 1334 and supplies
the amplified RF signal to the antenna unit 1351.

[0402]

The connectivity 1321 is a module that has a
function relating to a connection te the cutside. The
pchysical configuration of the connectivity 1321 is
arbitrary. For example, the connectivity 1321 includes a
configuraticn having a communication functicn other than
the communication specification to which the broadband
modem 1333 corresponds, external input/output terminals,
and the like.

(0403}

For example, the connectivity 1321 may be
configured to include a module having communication
functions that are compliiant with radioc communication
specifications such as Bluetooth (registered trademark),
IEEE 802.11 (for example, wireless fidelity {(Wi-Fi;
registered trademark)), near field communication (NFC),
and InfraRed data association {IrDA) and an antenna that
transmits/receives signals that are compliant with the
specifications. In addition, for example, the
connectivity 1321 may be configured tc include a module
having communicaticn functions that are compliant with
wired communication specifications such as universal
serial bus (USB) and high-definition multimedia interface

{registered trademark) {(HDMI) and terminals that are
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compliant with the specifications. Furthermore, for
example, the connectivity 1321 may be configured to have
an additional data (signal} transmission function and the
1ike of analog input/output terminals or the like.

[0404]

In addition, the connectivity 1321 may be
configured to include a device that is the Lransmission
destination of data (signal). For example, the
connectivity 1321 may be configured tc include a drive
{including not only a drive of a removable medium but
also a hard disk, a solid state drive (S3D), a network
attached storage (NAS), and the like) that performs data
reading or data writing for a recording medium such as a
nmagnetic disk, an optical disc, a magneto-optical disk,
or a semiconductor memory. Furthermore, the connectivity
1321 may be configured to include an output device (a
monitor, a speaker, or the like} of an image or an audio.
[0405]

The camera 1322 is a mcdule that has a function for
acquiring image data of a sublect by imaging the subject.
The image data acguired by an imaging process performed
by the camera 1322, for example, is supplied to the video
processor 1332 and is coded.

[0406]

The sensor 1323 is a mcdule that has the function
of an arbitrary sensor such as an audio sensor, an
ultrasonic sensor, an optical sensor, an illuminance
sensor, an infrared sensor, an image sensor, a rotation
senscr, an angle sensor, an angular velocity senscr, a
speed sensor, an acceleration sensor, a tilt senscr, a

magnetic identification senscr, an impact sensor, or a
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temperature sensor. Data that is detected by the sensor
1323, for example, is supplied to the application
processor 1331 and is used by the applicaticn and the
like.

[0407]

In the description presented above, each
configuration described as a module may be realized by a
processor, and each configuration described as a
processor may be realized by a module.

[0408]

As will be described later, the present technology
may be applied to the video processor 1332 of the video
set 1300 having the configuration as described above.
Accordingly, the video set 1300 may be configured as the
gset to which the present technology is applied.

[04092]
[Configuration Example of Video Processor]

Fig. 27 illustrates an example of the schematic
configuration of the video processor 1332 (Fig. 2é) to
which the present techneclogy is applied.

[0410]

In the example illustrated in Fig. 27, the video
processor 1332 has a function for receiving an input of a
videc signal and an audic signal and coding the received
signals in accordance with a predetermined system and a
function for decoding coded video data and ccded audio
data and reproducing and outputting a video signal and an
audio signal.

(0411]
As 1llustrated in Pig. 27, the video processor 1332

includes: a video input processing unit 1401; a first
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image enlargement/raduction unit 1402; a second image
enlargement/reduction unit 1403; a video output
processing unit 1404; a frame memory 1405; and a memory
control unit 1406. In addition, the video processor 1332
includes: an encoding/decoding engine 1407; video
elementary stream (ES) buffers 1408A and 1408B, and audio
ES buffers 14092 and 1409B. In addition, the video
processcr 1332 includes: an audic encoder 1410; an audioc
decoder 1411; a multiplexer (MUX) 1412; a demultiplexer
(DMUX) 1413; and a stream buffer 1414.

[0412]

The wvideo input processing unit 1401, for example,
acquires a video signal input from the connectivity 1321
{(Fig. 26} or the like and converts the acquired wvideo
signal into digital image data. The first image
enlargement/reduction unit 1402 performs format
conversion and an image enlargement/reduction process for
the image data. The second image enlargement/reduction
unit 1403, for the image data, performs an image
enlargement/reduction process in accordance with a format
of the output destination through the wvideo output
processing unit 1404 or performs format conversion, an
image enlargement/reduction process, which are similar to
those of the first image enlargement/reduction unit 1402,
and the like. The wvideo output processing unit 1404
performs format conversion, conversion into an analog
signal, and the like for the image data and cutputs a
resultant signal, for example, to the connectivity 1321
(Fig. Z¢) or the like as a reproduced video signal.

[0413]

The frame memory 1405 is a memory for image data
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that is shared by the video input processing unit 1401,
the filrst image enlargement/reductlon unit 1402, the
sacond image enlargement/reduction unit 1403, the videc
output processing unit 1404, and the encoding/decoding
engine 1407. The frame memory 1405 is realized as a
semiconductor memory such as a DRAM.

(04141

The memory control unit 1406 receives a
synchronization signal supplied from the
encoding/decoding engine 14907 and controls an access to
the frame memory 1405 for writing/reading in accordance
with an access schedule for the frame memory 1405 that is
written into an access management table 1406A. The
access management table 1406A is updated by the memory
contrel unit 1406 in accordance with the process that is
performed by the encoding/decoding engine 1407, the first
image enlargement/reduction unit 1402, the second image
enlargement/reduction unit 1403, and the like.

[0415]

The encoding/decoding engine 1407 performs an
encoding process of image data and performs a deccding
process of a video stream that 1s acguired by‘coding the
image data. For example, the encoding/decoding engine
1407 codes the image data read from the frame memory 1405
and sequentially writes the read image data into the
video ES buffer 1408A as a video stream. In addition,
for example, the encoding/decoding engine 1407
sequentially reads the video stream from the video ES
buffer 1408B, decodes the read video stream, and
sequentially writes the decoded video stream intc the

frame memory 1405 as image data. The encoding/deccoding
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engine 1407 uses the frame memory 1405 as a work area in
such coding or decoding processes. In addition, the
encoding/decoding engine 1407, for example, at the timing
of starting the process of each macroblock, ocutputs a
synchronization signal to the memory control unit 1406.
[0416]

The videc ES buffer 1408A buffers the videc stream
generated by the encoding/decoding engine 1407 and
supplies the video stream to the multiplexer (MUX) 1412.
The wvideo ES buffer 1408B buffers the video stream
supplled from the demultiplexer (DMUX); 1413 and supplies
the video stream to the encoding/decoding engine 1407.
(04171

The audio ES buffer 140%A buffers the audio stream
generated by the audio encoder 1410 and supplies the
audic stream tce the multiplexer (MUX) 1412. The audioc ES
buffer 14098 buffers the audio stream supplied from the
demultiplexer (DMUX} 1413 and supplies the audio stream
to the audio decodexr 1411.

[0418]

The audio encoder 1410 converts an audic signal,
for example, input from the connectivity 1321 (Fig. 2&)
or the like, for example, into a digital signal and codes
the converted audio signal in accordance with a
predetermined system such as an MPEG audio system or an
AudioCode number 3 {(AC3) system. The audio encoder 1410
seguentially writes audio streams that are data acguired
by coding the audio signals into the audio ES buffer
140%A. The audio decoder 1411 decodes the audio stream
supplied from the audioc ES buffer 1409B, performs

conversion of the decoded audio stream, for example, into
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an analog signal and the like, and supplies the converted
signal, for example, to the connectivity 1321 (Fig. 26)
and the like as a reproduced audic signal.

10419]

The multiplexer (MUX) 1412 multiplexes the video
stream and the audio stream. The multiplexing method (in
other words, the format of a bitstream generated by the
multiplexing) is arbitrary. In addition, at the time of
multiplexing, the multiplexer (MUX) 1412 may add
predetermined header information or the like to the bit
stream. In other words, the multiplexer (MUX) 1412 can
cenvert the format of the stream thrcough the multiplexing
process. For example, by multiplexing the video stream
and the audio stream, the multiplexer (MUX) 1412 converts
the video stream and the audic stream into a transport
stream that 1s a bitstream having a format for
transmission. In addition, for example, by multiplexing
the videc stream and the audio stream, the multiplexer
(MUX) 1412 converts the video stream and the audic stream
into data (file data) having a format for recording.
(04207

The demultiplexer (DMUX) 1413 demultipliexes the bit
stream in which the video stream and the audio stream are
mualtiplexed using a method corresponding to the
multiplexing process performed by the multiplexer (MUX)
1412. In other words, the demultiplexer (DMUX) 1413
extracts a video stream and an audioc stream from the
bitstream read from the stream buffer 1414 {the wvideo
stream and the audio stream are separated). In other
words, the demultiplexer (DMUX) 1413 can convert {inverse

conversion of the conversion performed by the multiplexer
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{(MUX) 1412) the format of the stream through the
demultiplexing process. For example, the demultiplexer
(DMUX} 1413 acquires the transport stream, for example,
supplied from the connectivity 1321 {Fig. Z6), the
breoadband modem 1333, or the like (Fig. 26} through the
stream buffer 1414 and demultiplexes the acquired
transport stream, thereby converting the transport stream
into a video stream and an audic stream. In addition,

for example, the demultiplexer (DMUX) 1413 acqguires file
data read from variocus recording media, for example, by
the connectivity 1321 (Fig. 26) through the stream buffer
1414 and demultiplexes the acquired file data, thereby
converting the file data into a video stream and an audio
stream.

(0421}

The stream buffer 1414 buffers the bitstream. For
example, the stream buffer 1414 buffers the transpcert
stream supplled from the multiplexer (MUX) 1412 and
supplies the transport stream, for example, to the
connectivity 1321 (Fig. 26}, the broadband modem 1333
{Fig. 26}, and the like at predetermined timing or based
on a reguest transmitted from the cutside.

[¢4221

In addition, for example, the stream buffer 1414
buffers the file data supplied from the multiplexer (MUX)
1412 and supplies the file data, for example, to the
connectivity 1321 (Fig. 26) and the like at predetermined
timing or based on a reguest transmitted from the outside
S0 as to be recorded in any cone of various recording
media.

(04237
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Furthermore, the stream buffer 1414 buffers the
transport stream acquired, for example, through the
connectivity 1321 (Fig. 26), the broadband modem 1333
{(Fig. 26), or the like and supplies the transport stream
to the demultiplexer (DMUX) 1413 at predetermined timing
or based on a regquest from the outside, and the like.
[0424]

In addition, the stream buffer 1414 buffers the
file data read from various recording media, for example,
by the connectiwvity 1321 (Fig. Z6) or the like and
supplies the file data te the demultiplexer (DMUX}) 1413
at predetermined timing or based on a reguest from the
outside or the like.

(04251

Next, an example of the operation of the video
processor 1332 having such a configuration will be
described. For example, a video signal input to the
video processor 1332 from the connectivity 1321 (Fig. 206)
or the like 1is converted into digital image data
according to a predetermined system such as the
4:2:2Y/Ch/Cr system by the video input processing unit
1401 and is segquentially written intce the frame memory
1405, This digitel image data is read by the first image
enlargement/reduction unit 1402 or the second image
enlargement/reduction unit 1403, and a format conversion
into a predetermined system such as the 4:2:0Y/Cb/Cx
system or the like and the enlargement/reducticn process
is performed for the digital image data, and the
processed digital image data is written again into the
frame memory 1405. This image data is coded by the

encoding/decoding engine 1407 and is written into the
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video ES buffer 1408A as a video stream.
i0426]

In addition, the audic signal input from the
connectivity 1321 (Fig. 26} or the like to the video
processor 1332 is coded by the audio encoder 1410 and is
written into the audio ES buffer 1408A as an audio stream.
[0427]

The video stream stored in the video ES buffer
1408A and the audioc stream stored in the audio ES buffer
14092 are read by the multiplexer {MUX) 1412, are
multiplexed, and are converted into a transport stream,
file data, or the like. The transport stream generated
by the multiplexer (MUX) 1412 is buffered into the stream
buffer 1414 and then is ocutput to the external network,
for example, through the connectivity 13221 (Fig. 26), the
broadband modem 1333 (Fig. Z¢), or the like. In addition,
the file data generated by the multiplexer (MUX} 1412 is
buffered into the stream buffer 1414, then is output, for
example, to the connectivity 1321 (Fig. 26} or the like,
and 1s recorded in any one of various recording media.
[0428]

In addition, the transport stream that is input
from the external network to the video processor 1332,
for example, through the connectivity 1321 (Fig. 26), the
broadband modem 1333 (Fig. 26), or the like is buffered
into the stream buffer 1414 and then is demultiplexed by
the demultiplexer (DMUX) 1413. In addition, the file
data that is read from any one of the various recording
media, for ewxample, by the connectivity 1321 (Fig. 26) or
the like and is input to the video processor 13372 is

buffered into the stream buffer 1414 and then is
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demultiplexed by the demultiplexer (DMUX) 1413. In other
words, the transport stream or the file data input to the
video processor 1332 is separated into a video stream and
an audio stream by the demultiplexer (DMUX) 1413.

[0429]

The audio stream 1s supplied to the audio decoder
1411 through the audic ES buffer 140%B and is decoded,
and the audio signal is reproduced. In addition, the
video stream is written into the video ES buffer 1408B,
then is sequentially read by the encoding/decoding engine
1407, 1s decoded, and is written intoc the frame memocry
1405. The decoded image data 1s processed to be enlarged
or reduced by the second image enlargement/reduction unit
1403 and is written intc the frame memory 1405. Then,
the decoded image data ls read by the video output
processing unit 1404, has the format converted into a
predetermined system such as the 4:2:2Y/Cb/Cr system, and
is further converted into an analog signal, and the video
signal is reproduced and ocutput.

{0430}

In a case where the present technolcegy is applied
to the video processor 1332 configured as such, the
present technology acceording to each embodiment described
above may be applied to the encoding/decoding engine 1407.
In other words, for example, an encoding/decoding engine
1407 may be configured to have the functions cof the image
encoding device 100 (Fig. 1) according to the first
embodiment and the image decoding device 200 (Fig. 14)
according to the second embodiment. In addition, for
exanple, the encoding/decceding engine 1407 may be

configured toe have the functions of the image encoding
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device 300 (Fig. 19) and the image decoding device 350
{Fig. 20) according to the third embodiment. Furthermore,
for example, the encoding/decoding engine 1407 may be
configured to have the functions of the image encoding
device 200 (Fig. 14) and the image decoding device 350
{(Fig. 20) according to the second embodiment. By
configuring as such, the video processor 1332 can acguire
the same advantages as the advantages described above
with reference to Figs. 1 to 18.

[0431]

In addition, in the encoding/decoding engine 1407,
the present technelogy (in other words, the functions of
the image encoding device and the image decoding device
according to each embodiment described above) may be
realized by hardware such as logic circuits, may be
realized by software such as a built-in program, Or may
be realized by both the hardware and the software.

[0432]
fAnother Configuration Example of Video Processor]

Fig. 28 is a diagram that illustrates another
example of the schematic configuration of the video
processor 1332 (Fig. 26) to which the present technology
is applied. In the case of the example 1llustrated in
Fig. 28, the video processor 1332 has a function for
coding/decoding the videc data in accordance with a
predetermined system.

[0433]

More specifically, as illustrated in Fig. 28, the
video processor 1332 includes: a control unit 15%11; a
display interface 1512; a display engine 1513; an image

processing engine 1514; and an internal memory 1515. In
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additicn, the video processor 1332 includes: a codec
engine 1516; a memory interface 1517; a
multiplexer/demultiplexer (MUX DMUX) 1518; a network
interface 15319; and a videco interface 1520.

[0434]

The contrcl unit 1511 controls the operations of
processing units arranged within the video processor 1332
such as the display interface 1512, the display engine
1513, the image processing engine 1514, and the codec
engine 1516,

10435]

As illustrated in ¥Fig. 28, the contrel unit 1511,
for example, includes a main CPU 1531, a sub CPU 1532,
and a system controller 1533. The main CPU 1531 executes
a program that is used for controlling the operation of
each processing unit disposed within the video processor
1332. The main CPU 1531 generates a controel signal in
accordance with the program or the like and supplies the
control signal to each processing unit (in other words,
controls the operation of each processing unit). The sub
CPU 1532 achieves an auxiliary role for the main CPU 1531.
For example, the sub CPU 1532 executes a child process, a
sub routine, and the like of the program or the like
executed by the main CPU 1531. The system controller
1533 controls the operations of the main CPU 1531 and the
sub CPU 1532 such as designation of programs to be
executed by the main CPU 1531 and the sub CPU 1532,

[C436]

The display interface 1512 outputs the image data,

for example, to the connectivity 1321 (Fig. 26) or the

like under the control of the control unit 1511. For
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example, the display interface 1512 converts tThe image
data that is digital data into an analcog signal and
outputs the image data to the monitoring device or the
like of the connectivity 1321 (Fig. 26) as a reproduced
video signal or the image data that is the digital data.
[0437]

The display engine 1513, under the control of the
control unit 1511, performs various converslon processes
such as a format conversion, a size conversion, and a
color gamut conversion for the image data so as to be
adjusted to the hardware specifications of the monitoring
device displaying the image or the like.

10438]

The image processing engine 1514, under the control
of the control unit 1511, performs predetermined image
processing such as a filter process for ilmproving the
image quality or the like for the image data.

[10439]

The internal memory 1515 is a memory disposed
inside the video processor 1332 that is shared by the
display engine 1513, the image processing engine 1514,
and the codec engine 1516. The internal memory 1515, for
example, is used for data interchange performed among the
display engine 1513, the image processing engine 1514,
and the codec engine 1516. For example, the internal
memory 1515 stores data supplied from the display engine
1513, the image processing engine 1514, or the codec
engine 1516 and supplies the data to the display engine
1513, the image processing engine 1514, or the ccdec
engine 1516 as is necessary (for example, in accordance

with a reguest). While this internal memory 1515 may be
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realized by any stocrage device, generally, the internal
memory 1515 is frequently used for storing data having a
small capacity such as image data configured in units of
blocks or parameters, and accordingly, it is preferably
realized by a semiconductor memcry having a relatively
small capacity (for example, compared to the external
memory 1312} and a high response speed such as a SRAM
{Static Random Access Memory) .

[0440]

The codec engine 1516 performs the process rslating
to coding or decoding image data. The coding/decoding
system to which the codec engine 1516 corresponds is
arbitrary, and the number therecf may be one or two or
more. For example, the codec engine 1316 may include a
codec function of a plurality of coding/decoding systems
and perform the coding of image data cor the deccding of
coded data by using selected one of the plurality of
coding/decoding systems.

[0441]

In the example illustrated in Fig. 28, the codec
engine 1516, for example, includes MPEG-2Z Video 1541,
BVC/H.264 1542, HEVC/H.Z265 1543, HEVC/H.265 (Scalable}
1544, HEVC/H.Z265 (Multi-view) 1545, and MPEG-DASH 1551 as
functional blocks of the process relating Lo the codec.
[0442]

The MPEG~Z2 Videco 1541 is a functiocnal block used
for coding c¢r decoding image data in accordance with the
MPEG-2 system. The AVC/H.264 1542 is a functional block
used for coding or decoding image data in accordance with
the AVC system. In addition, the HEVC/H.265 1543 is a

functional block used for coding or decoding image data
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in accordance with the HEVC system. The HEVC/H.265
{(Scalable) 1544 is a functional block used for scalable
coding or scalable deccding image data in accordance with
the HEVC system. The HEVC/H.265 (Multi-view) 1545 is a
functional block used for multiple viewpoint coding or
multiple viewpoint decoding image data in accordance with
the HEVC system.

[0443]

The MPEG~DASH1551 is a functional block used for
transmitting/receiving image data in accordance with an
MPEG-dynamic adaptive streaming over HTTP (MPEG-DASH)
system. The MPEG-DASH 1s a techneclogy for streaming a
video by using a HyperText transfer protocol (HTTP) and
has a feature that one is selected from among a plurality
of pieces of coded data having mutually-different
resolutions and the like, which are prepared in advance,
in units of segments and is transmitted. The MPEG-DASH
1551 performs generaticn of a stream, transmission
control of the stream, and the like that are compliant
with the specification, and, for coding/decoding image
data, uses MPEG-2 Video 1541 or HEVC/H.Z65 (Multi-view)
1545 described above.

(04447

The memcry interface 1517 is an interface used for
the external memory 1312. Data supplied from the image
processing engine 1314 or the codec engine 1516 is
supplied to the external memory 1312 through the memory
interface 1517. In addition, the data read from the
external memory 1312 is supplied to the video processor
1332 {the image processing engine 1514 or the codec

engine 1516) through the memory interface 1517.
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[0445]

The multiplexer/demultiplexer (MUX DMUX) 1518
multiplexes or demultiplexes varicus kinds of data
relating to an image such as a bitstream of coded data,
image data, or a video signal. The
maltiplexing/demultiplexing method is arbitrary. For
example, at the time of the multiplexing process, the
multiplexer/demultiplexer {(MUX DMUX) 1518 may not only
arrange a plurality of pleces of data into cone but also
add predetermined header information or the like to the
data. In addition, at the time of the demultiplexing
process, the multiplexer/demultiplexer (MUX DMUX) 1518
may not only divide one pilece of data into a plurality of
parts but add predetermined header informaticon or the
like to the divided data. In cther words, the
multiplexer/demultiplexer (MUX DMUX) 1518 can convert the
format of data through a multiplexing/demultiplexing
process. For example, the multiplexer/demultiplexer (MUX
DMUX) 1518 can convert the biltstream into a transport
stream that is a bitstream in the‘format for transmission
or data {(file data) that is in the file format for
recording by multiplexing the bitstream. It is apparent
that the inverse conversion can be performed through a
demultiplexing process.

(04461

The network interface 1519 is a dedicated interface
such as the brcadband modem 13322 (Fig. 26) or the
connectivity 1321 (Fig. 26). The video interface 1520 1is
a dedicated interface such as the connectivity 1321 (Fig.
26) or the camera 1322 (Pig. 26).

[(0447]
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Next, an example of the operation of such a video
processor 1332 will be described. For example, when a
transpert stream is received from the external network,
for example, through the connectivity 13Z1 (Fig. 26), the
broadband modem 1333 {(Fig. 26), or the like, the
transport stream is supplied to the
multiplexer/demultiplexer (MUX DMUX) 1518 through the
network interface 1519, is demultiplexed, and is decoded
by the codec engine 1516. For the image data acquired by
the dacoding process performed by the codec engine 1516,
for example, predetermined image processing is performed
by the image processing engine 1514, and predetermined
conversion is performed by the display engine 1513, the
resultant image data is supplied, for example, to the
connectivity 1321 (Fig. 26} or the like through the
display interface 1512, and the image is displayed on the
monitor. In addition, for example, the image data
acquired by the decoding process performed by the codec
engine 15316 is re-coded by the codec engine 1516, is
multiplexed by the multiplexer/demultiplexer (MUX DMUX)
1518, 1is converted into file data, is cutput, for example,
Lo the connectivity 1321 (Fig. 26} or the like through
the video interface 1320, and is recorded on any one of
the various recording media.

[0448]

In addition, for example, file data of coded data
that 1s acguired by coding the image data read from a
recording medium not illustrated in the figure by the
connectivity 1321 (Fig. 26} or the like 1s supplied to
the multiplexer/demultiplexer {MUX DMUX) 1518 through the

video interface 1520, is demultiplexed, and is decoded by
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the codec engine 1516, For the image data acguired by
the decoding process performed by the codec engine 1516,
predetermined image processing is performed by the image
processing engine 1514, and a predetermined conversion is
performed by the display engine 1513, and the resultant
image data 1s suppliled, for example, tc the connectivity
1321 (Fig. 26) or the like through the display interface
1512, and the image i1s displayed on the monitor.
Furthermore, for example, the image data acguired by the
decoding process performed by the codec engine 1516 is
re-coded by the codec engine 1516, is multiplexed by the
multiplexer/demultiplexer [(MUX DMUX) 1518, is converted
inte a transport stream, 1is supplied, for example, toc the
connectivity 1321 (Fig. 26), the brcadband modem 1333
{Fig. 26}, or the like thrcough the network interface 1519,
and is transmitted to another device not illustrated in
the figure.

[0449]

In addition, the interchange of image data or other
data between processing units disposed within the video
processcr 1332, for example, 1s performed using the
internal memory 1515 or the external memory 1312. In
addition, the power management module 1313, for examnple,
controls the supply of power to the contrel unit 1511.
[0450]

In a case where the present technology is applied
to the video processor 1332 configured as such, the
present technology according to sach embodiment described
apove may be applied to the codec engine 15316. In other
words, for example, the codec engine 1516 may be

configured to include the functional blocks reallizing the
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image encoding device 100 {(Fig. 1) acccrding to the first
embodiment and the 1mage decoding device 200 (Fig. 14)
according to the second embodiment. In addition, for
example, the codec engine 1516 may be configured to
include the functional blocs realizing the image encoding
device 300 (Fig. 192) and the image decoding device 350
{Fig. 20} according to the third embodiment. By
configuring as such, the video processor 1332 can acquire
the game advantages as the advantages described above
with reference to Figs. 1 to 18.

[0451]

In addition, i1n the codec engine 1516, the present
technology (in other words, the functions of the image
encoding device and the image decoding device according
to each embodiment described above) may be realized by
hardware such as logic circuits, may be realized by
software such as a built-in program, or may be realized
by both the hardware and the software.

[0452]

As above, while two configurations of the video
processor 1332 have been described as examples, the
configuration of the video processor 1332 is arbitrary
and may be a configuration other than the two
configurations described above. In addition, this video
vcrocassor 1332 may be configured by either one
semiconductor chip or a plurality of semiconductor chips.
For example, the videco processor 1332 may be configured
by a three-dimensicnal laminated LSI in which a plurality
of semiconductors are laminated. In addition, the video
processor 1332 may be realized by a plurality of L3SI’s.

[G453]
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[Example of Application to Device]

The video set 1300 may be bulilt in wvarious devices
that process image data. For example, the wvideo set 1300
may be built in the television apparatus 900 (Fig. 22),
the mobile phone 920 (Fig. 23}, the recording/reproducing
apparatus 940 (Fig. 24}, the imaging apparatus 960 (Fig.
25}, and the like. By building the video set 1300
therein, the devices can acguire advantages that are the
same as the advantages described above with reference to
Figs. 1 to 18.

[0454]

In addition, scome of the configurations cof the
video set 1300 described above may be configurations to
which the present technology is applied in a case where
the wvideo processcor 1332 is included therein. For
example, only the video processor 1332 may be configured
as a video processor to which the present technology is
applied. In addition, for exaﬁple, as described above,
the processor, the video module 1311, and the like
dencted by the dotted line 1341 may be configured as a
processor, a module, and the like to which the present
technology 1s applied. Furthermore, for example, the
video module 1311, the external memory 1312, the power
management module 1313, and the front end module 1314 may
be combined so as to be configured as a video unit 1361
o which the present technology 1is applied. In any of
the configurations, the same advantages as those
described above with reference to Figs. 1 to 18 can be
acquired.

[0455]

In other words, any configuration that includes the
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video processor 1332, similar to the case of the video
set 1300, may be built in various devices that proccess
image data. For example, the video processor 1332, the
processor denoted by the dotted line 1341, the video
module 1311, or the video unit 1361 may be buillt in the
television apparatus 900 (Fig. 22}, the moblle phone 820
(Fig. 23), the recording/reproducing apparatus 240 {(Fig.
24Y, the imaging apparatus 960 {Fig. 25), and the like.
By building any configuration to which the present
technology 1s applied therein, similar to the case of the
video set 1300, the devices can acquire the same
advantages as those described above with reference to
Figs. 1 to 18.

10456]

In this specificaticn, an example has been
described in which various kinds of informaticn such as
the reference list selection fliag is multiplexed in a
coded stream and iz transmitted from the coding side to
the decoding side. However, a technique for transmitting
such information is not limited fto such a technigue. For
example, such information may be transmitted or recorded
as individual data assoclated with a coded bit stream
without being multipiexed in the coded stream. Here, the
term “assoclated” represents that an image {it may be a
part of an image such as a slice, block, or the like)
included in & bit stream and informaticn corresponding to
the image may be linked to each other at the time of
decoding the image and the information. In cther words,
the information may be transmitted in a transmission line
other than that of the image (or the bit stream}. In

addition, the information may be recorded on a recoding
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medium other than that for the image (or the bit stream)
(or & different recording area of the same recording
medium). Furthermore, the information and the image {(or
the bit stream), for example, may be assoclated with each
other in units of arbitrary parts such as multiple frames,
one frame, or a part of the frame.

[0457]

While preferred embodiments of the present
disclosure have been described in detail with reference
to the accompanying drawings, the technical scope of the
present disclosure is not limited to such examples. It
is apparent that a person having ordinary knowledge in
the technical field of the present disclosure can devise
varicus changes or modifications within the scope of the
technical idea described in the claims, and, naturally,
it is understcod that such changes and modifications
belong to the technical scope of the present disclosure.
[0458)

In addition, the present technology may employ a
configuration described as below.

{1) An image processing device including:

a deccding unit that generates an image by decoding
a bit stream;

a reference list setting unit that sets a reference
list being referred to when the image generated by the
decoding unit is predicted by inserting a reference image
that can be referred te in a layer direciion between a
plurality of reference images that can be referred to in
a time direction; and

a prediction unit that predicts the image generated

by the decoding unit by referring toe the reference list
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set by the reference list setting unit.

(2} The image processing device according to (1),
wherein the reference list setting unit sets the
reference list by inserting the reference image that can
be referred to in the layer direction between a reference
image located before the image in time and a reference
image located after the image in time among the plurality
of reference images that can be referred to in the time
direction.

(3} The image processing device according to (2},
wherein the reference list setting unit sets the
reference list by arranging images in a direction LG in
order of reference images located before the image in
time, the reference image that can be referred to in the
layer direction, and reference images located after the
image in time.

(4} The image processing device according to {2},
whereln the reference list setting unit sets the
reference 1list by arranging images in a direction L1 in
order of reference images located after the image in time,
the reference image that can be referred to in the layer
direction, and reference images located before the image
in time.

(5} The image processing device according to (1},
wherein the reference list setting unit sets the
reference list by alternately arranging the reference
image that can be referred to in the time direction and
the reference image that can be referred to in the layer
direction.

{6) The image prcocesszing device according to (5},

wherein the reference list setting unit sets the
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reference list by alternately arranging an element of a
list of the reference lmages that can be referred to in
the time direction set in order of the refersnce images
located befcre the image in time and the reference images
located after the image in time and an element of a list
of the reference images that can be referred to in the
layer direction, which is configured by the reference
images that can be referred to in the layer directicn, in
a direction L{.

{7} The image processing device according toe (),
wherein the reference list setting unit sets the
reference list by alternately arranging an element cf a
list of the reference images that can be referred to in
the time direction set in order of the reference images
located after the image in time and the reference images
located before the image in time and an element of a list
of the reference images that can be referred to in the
layer directicn, which is configured by the reference
images that can be referred to in the layer direction, in
a direction L1.

{8) The image processing device according to any of
(1) to (7}, wherein the reference list setting unit sets
the reference list by inserting the reference images that
can be referred to in the layer direction in a direction
L1l with order of the reference image that can be referred
to in the layer direction being oppesite to that of the
case of a direction LO.

{9) The image processing device according to any of
{1l) to (8), wherein the reference list setting unit
includes:

a temporal list setting unit that sets a temporal
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list that is a temporary list used for setting the
reference list by inserting the reference image that can
be referred to in the layer direction between the
plurality of reference images that can be referred to in
the time direction; and

a reference image 1list setting unit that sets the
reference list based on the temporal list set by the
temporal list setting unit.

{10} An image processing method implemented in an
image processing device, the image processing method
including:

generating an image by decoding a bit stream;

setting a reference list being referred to when the
generated image is predicted by inserting a reference
image that can be referred toc in a layer direction
between a plurality of reference images that can be
referred tc in a time direction; and

predicting the generated image by referring to the
set reference list.

{11) An image prcocessing device including:

a reference list setting unit that sets a reference
list being referred to when an lmage is predicted by
inserting a reference image that can be referred to in a
layer direction betwsen a plurality of reference images
that can be referred to in a time direction;

a prediction unit that predicts the image by
referring to the reference list set by the reference list
setting unit; and

an encoding unit that generates a bit stzeam by
performing coding using the image predicted by the

prediction unit.
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(LZ) The image processing device according to (11),
wherein the reference list setting unit sets the
reference list by inserting the reference image thal can
be referred to in the layer direction betwsen a reference
image located before the image in time and a reference
image located after the image in time among the plurality
of reference images that can be referred to in the time
direction.

(13} The image processing device according te (12),
wherein the reference list setting unit sets the
reference list by arranging images in a direction L0 in
order of reference images located before the image in
time, the reference image that can be referred to in the
laver direction, and reference images located after the
image in time,

{14} The image processing device according to (12),
wherein the reference list setting unit sets the
reference list by arranging images in a direction L1 in
order of reference images located after the image in time,
the reference image that can be referred to in the layer
direction, and reference images lccated before the image
in time.

(15) The image processing device according te (11},
wherein the reference list setting unit sets the
reference list by alternately arranging the reference
image that can be referred to in the time direction and
the reference image that can be referred to in the layer
direction.

(16) The image processing device according to (15},
wherein the reference list setting unit sets the

reference list by alternately arranging an element of a
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list of the reference images that can be referred to in
the time direction set in corder of the reference images
located bkefore the image in time and the reference ilmages
located after the image in time and an element of a list
off the reference images that can be referred to in the
layer direction, which is ceonfigured by the reference
images that can be referred to in the layer direction, in
a direction LO.

(L7) The image processing device according to (15},
wherein the reference list setting unit sets the
reference list by alternately arranging an element of a
list of the reference images that can be referred to in
the time direction set in order of the reference images
located after the image in time and the reference images
located before the image in time and an element of a list
of the reference images that can be referred to in the
layer direction, which is configured by the reference
images that can be referred to in the layer direction, in
a direction LI.

{18) The image processing device according to any
of (11) to (17), wherein the reference list setting unit
sets the reference list by inserting the reference images
that can be referred to in the layer direction in a
direction L1 with order of the reference image that can
be referred to in the layer direction being opposite to
that of the case of a direction LO.

(19) The image processing device according Lo any
of (11) to {(18), wherein the reference list setting unit
includes:

a temporal list setting unit that sels a temporal

list that is a temporary list used for setting the
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reference list by inserting the reference image that can
be referred to in the layer direction between the
plurality of reference images that can be referred to in
the time direction; and

a reference image list setting unit that sets the
reference list based on the temporal list set by the
temporal list setting unit.

(20 An image processing method implemented in an
image processing device, the image processing method
including:

setting a reference list being referred to when an
image is predicted by inserting a reference image that
can be referred to in a layer direction between a
plurality of reference images that can be referred to in
a time direction;

predicting the image by referring to the set
reference list; and

generating a bit stream by performing coding using

the predicted image.

REFERENCE SIGNS LIST

[0459]
100 Image encoding device
106 Lossless encoding unit

115 Motion parallax prediction/compensation unit

121 Syntax processing unit

122 Reference list generating unit

131 Reference image setting unit

132 Temporal list generating unit

133 Reference image list generating unit

200 Image decoding device
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Lossless decoding unit

Moticn parallax prediction/compensation unit
Syntax processing unit

Reference list generating unit

Reference image setting unit

Tempcral Llist generating unit

Reference image list generating unit

Image encoding device

Image decoding device
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CLAIMS

1. An image processing device comprising:

a decoding unit that generates an image by decoding
a2 bilt stream;

a reference list setting unit that sets a reference
list being referred to when the image generated by the
decoding unit is predicted by inserting a reference image
that can be referred to in a layer direction between a
plurality of reference images that can be referred to in
a time direction; and

a prediction unit that predicts the image generated
by the decoding unit by referring to the reference list

set by the reference list setting unit.

2. The image processing device according te claim 1,
wherein the reference list setting unit sets the
reference list by inserting the reference image that can
pe referred to in the layer directiocon between a reference
image located before the image in time and a reference
image located after the image in time among the plurality
of reference images that can be referred to in the time

direction.

3. The image processing device according to claim 2,
wherein the reference list setting unit sets the
reference list by arranging images in a direction L0 in
order of reference images located before the image in
time, the reference image that can be referred to in the
layer direction, and reference images located after the

image in time.
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4. The image processing device according teo c¢laim 2,
wherein the reference list setting unit sets the
reference list by arranging images in a direction L1 in
crder of reference images located after the image in time,
the reference image that can be referred to in the laver
direction, and reference images located before the image

in time.

5. The image processing device according to claim 1,
wherein the reference list setting unit sets the
reference list by alternately arranging the reference
image that can be referred tTo in the time direction and
the reference image that can ke referred Lo in the laver

direction.

6. The image processing device according to claim 5,
wherein the reference list setting unit sets the
reference list by alternately arranging an element of a
list of the reference images that can be referred to in
the time direction set in order of the reference images
located before the image in time and the reference images
located after the image in time and an element of a list
of the reference images that can be referred teo in the
layer direction, which is configured by the referencs
images that can be referred to in the layer direction, in

a direction LO.

7. The image processing device according to claim 5,
wherein the reference list setting unit sets the

reference list by alternately arranging an element of a
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list of the reference images that can be referred to in
the time direction set in order of the reference images
located after the image in time and the reference images
located before the image in time and an element of a list
of the reference images that can be referred to in the
layer direction, which is cecnfigured by the reference
images that can be referred tc in the layer direction, in

a direction L1.

8. The image processing device according to claim 1,
wherein the reference list setting unit sets the
reference list by inserting the reference images that can
be referred to in the layer direction in a directicon Ll
with corder of the reference image that can be referred to
in the layer direction being opposite to that of the case

of a direction LO.

9. The image processing device according to claim 1,
wherein the reference list setting unit includes:

a temporal list setting unit that sets a temporal
list that is a temporary list used for setting the
reference list by inserting the reference image that can
be referred to in the layer direction between the
plurality of reference images that can be referred to in
the time direction; and

a reference image list setting unit that sets the
reference list based on the temporal list set by the

temporal list setting unit.

10. An image processing method implemented in an image

processing device, the image processing method
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comprising:

generating an image by decoding a bit stream:;

setting a reference list being referred to when the
generated image is predicted by inserting a reference
image that can be referred to in a layer direction
between a plurality of reference images that can ke
referred to in a time directicn; and

predicting the generated image by referring to the

set reference list.

11. An image processing device comprising:

a reference list setting unit that sets a reference
1ist being referred to when an image is predicted by
inserting a reference image that can be referred teo in a
layer direction between a plurality of reference images
that can be referred to in a time direction;

a prediction unit that predicts the image by
referring to the reference list set by the reference list
setting unit; and

an encoding unit that generates a bit stream by
performing coding using the image predicted by the

prediction unit.

12. The image processing device according to claim 11,
wherein the reference list setting unit sets the
reference list by inserting the reference image that can
be referred to in the layer direction between a reference
image located before the image in time and a reference
image located after the image in time among the piurality
of reference images that can be referred to in the time

direction.
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13. The image processing device according te claim 12,
wherein the reference list setting unit sets the
reference list by arranging images in a directicn LO in
order of reference images located before the image in
time, the reference image that can be referred to in the
layer direction, and reference images located after the

image in time.

14. The image processing device according to claim 12,
wherein The reference list setting unit sets the
reference list by arranging images in a directicon L1 in
order of reference images located after the image in time,
the reference image that can be referred to in the laver
direction, and reference images located before the image

in time.

15. The image processing device according to claim 11,
wherein the reference list setting unit sets the
reference list by alternately arranging the reference
image that can be referred to in the time direction and
the reference image that can be referred to in the laver

direction.

leo. The image processing device according to claim 195,
wherein the reference list setting unit sets the
reference list by alternately arranging an element of a
list of the reference images that can be referred to in
the time direction set in order of the reference images
located before the image in time and the reference images

located after the image in time and an element of a list
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of the reference images that can be referred to in the
layer direction, which 1is configured by the reference
images that can be referred teo in the layer direction, in

a direction LO.

17. The image processing device according to claim 15,
wherein the reference list setting unit sets the
reference list by alternately arranging an element of a
list of the reference images that can be referred to in
the time direction set in order of the reference images
lecated after the image in time and the reference images
located before the image in time and an elament of a list
of the reference images that can be referred to in the
layer direction, which is configured by the reference
images that can be referred to in the layer direction, in

a direction LI1.

18. The image processing device according to claim 11,
wherein the reference list setting unit sets the
reference list by inserting the reference images that can
be referred to in the layer direction in a direction Ll
with order of the reference image that can be referred to
in the layer direction being opposite to that of the case

of a direction LO.

19. The image processing device according to claim 11,
wherein the reference list setfing unit includes:

a temporal list setting unit that sets a temporal
list that is a temporary list used for setting the
reference list by inserting the reference image that can

be referred to in the layer direction between the
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plurality of reference images that can be referred to in
the time directicn; and

a reference image list setting unit that sets the
reference list based on the tempcoral list set by the

temporal list setting unit.

20. An image processing method implemented in an image
processing device, the image processing method
comprising:

setting a reference list being referred to when an
image is predicted by inserting a reference image that
can be referred tec in a layer direction between a
plurality of reference images that can be referred to in
a time direction;

predicﬁing the image by referring to the set
reference list; and

generating a bit stream by performing coding using

the predicted image.



