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Description

Title of Invention

IMAGE PROCESSING DEVICE AND METHOQD

Technical Field
(00017
The present disclosure relates to an image processing device and method,
and more particularly, to an image processing device and method which are capable

of performing a decoding process at a proper thming in scalable video coding.

Background Art
[0002]

Recently, devices for compressing and encoding an image by adopting a
encoding  scheme of handling image information digitally and performing
compression by an orthogonal transform such as a discrete cosine transform and
motion compensation using image information-specific redundancy for the purpose
of information transmisston and accumulation with high efficiency when the image
information is handled digitally have become widespread.  Moving Picture Experts
Group (MPEG), H264, MPEG-4 Part 10 (Advanced Video Coding) (hereinafter
reterred to as HL264/AVCY, and the like are examples of such encoding schemes.
10003)

Therefore, for the purpose of improving encoding efficiency compared to
H.264/AVC, standardization of & encoding scheme referred to as high efficiency
video coding (HEVC) by Joint Collaberation Team-Video Coding (JCTVC), whicl: ig
a joint standardizing organization of Indernational Telecommunication Union
Telecommunication Standardization Sector (ITU-TY and International Organization
for Standardization {(ISOVinternational Electrotechnical Commission (JEC), is
currently in progress, and Non-Patent Literature 1 has been issued as a draft of the
scheme.

[0004]
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Meanwhile, the existing image encoding schemes such as MPEG-Z and
AVC have a scalability function of dividing an bmage into a plurality of layers and
encoding the plurality of layers.
100057

I other words, for example, for a terminal having a low processing
capability such as a mobile phone, mage compression information of only a hase
tayer is transmitied, and & moving bnage of low spatial and temporal resolutions or &
low quality is reproduced, and for a terminal having a high processing capability
such as a television or a personal computer, image compression nformation of an
enhancement laver as well as a base layer is transmitted, and a moving image of high
spatial and temporal resolutions or a high quality is reproduced.  That is, image
compression information according to a capability of a terminal or a network can be
transmitied from a server without performing the wanscoding process,
[GOO6]

In the HEVC, it is possible to designate a hypothetical reference decoder
{(HRIY) parameter so that an overflow or an underflow of a buffer does not ocour
when a decoding process for image compression information 18 performed.
Particularly, it is possible to designate an MRD parameter for each layer when

scalable video coding is performed (see Non-Patent Litorature 2).

Citation List
Mon-Patent Literature
[0007]
Non-Patent Literature 1: Benjamin Bross, Woo-Jin Han, Jens-Rainer Ohm,

Gary J. Suitivan, Thomas Wiegand,” High efficiency video coding (HEVC) fext
specitication draft 9," JCTVC-K 1003, 2012,10,21
Non-Patent Literature 2: Jill Boyee, Ye-Kui Wang, "NAL unit header and

parameter set dosigns for HeEVC extensions," JCTVC-K1007, 2012,10,19

Summary of Invention

Technical Problem
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[0008]

However, when the HRD parameter is designated for each layer or a time
layer serving as one of sublayers, it is difficalt to detect whether the decoding
process is performed by a single decoding device or a plurality of decoding devices.
[0009]

Embodiments of the present invention perform a decoding process at a

proper timing.

Solution to Problem
[0010]

According to one aspect of the present invention, there is provided an image
processing device including a receiving section configured to receive a bitstream
obtained by encoding an image having at least one layer.and buffer management
parameter information of each layer indicating at least one of that a parameter for
managing a decoder buffer is a parameter for performing a decoding process of only
a corresponding layer and that the parameter for managing the decoder buffer is a
parameter for performing a decoding process of a corresponding layer and a lower
layer, and a decoding section configured to decode the bitstream received by the
receiving section and generate an image.

[0011]

The layer can include a layer and a sublayer.
[0012]

The layer is a view of multi-view coding.
[0013]

The layer is a layer of scalable video coding.
[0014]

The buffer management parameter information is described in supplemental
enhancement information (SEI).

[0015]
The buffer management parameter information is described in

buffering period SEI.
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[0016]

Parameter presence/absence information indicating a presence or absence of
the parameter for managing the decoder buffer serving as the parameter for
performing the decoding précess of only the corresponding layer is described in a
vps (video parameter set) extension.

[0017]

The receiving section can receive an AVC flag indicating that a layer lower
than the corresponding layer is encoded by MPEG-4 Part10 Advanced Video Coding
(AVC) and the buffer management parameter information of each layer indicating
that the parameter for managing the decoder buffer is the parameter for performing
the decoding process of only the corresponding layer.

[0018]

According to another aspect of the present invention, there is provided an
image processing method including receiving, by an image processing device, a
bitstream obtained by encoding an image having at least one layer and buffer
management parameter information of each layer indicating at least one of that a
parameter for managing a decoder buffer is a parameter for performing a decoding
process of only a corresponding layer and that the parameter for managing the
decoder buffer is a parameter for performing a decoding process of a corresponding
layer and a lower layer, receiving, by the image processihg device, a bitstream
obtained by encoding an image including at least one layer using a parameter
corresponding to the buffer management parameter information, and decoding, by
the image processing device, the received bitstream and generating an image.

[0019]

Disclosed herein is an image processing device including a setting section
configured to set buffer management parameter information of each layer indicating
at least one of that a parameter for managing a decoder buffer is a parameter for
performing a decoding process of only a corresponding layer and that the parameter
for managing the decoder buffer is a parameter for performing a decoding process of
a corresponding layer and a lower layer, an encoding section configured to encode an

image having at
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least one layer and generate a bitstream, and a transmitting section configured to
transmit the buffer management parameter information set by the setting section and
the bitstream generated by the encoding section.
{0020}
The layer can include a layer and a sublayer.
[0021]
The layer is a view of multi-view coding.
[0022]
The layer is a layer of scalable video coding.
[0023]

The buffer management parameter information is described in supplemental
enhancement information (SEI).
[0024]

The buffer management parameter information is described in
buffering period_ SEL
[0025]

Parameter presence/absenc;'e information indicating a presence or absence of
the parameter for managing the decoder buffer serving as the parameter for
performing the decoding process of only the corresponding layer is described in a
vps (video parameter set) extension.

[0026]

The setting section can set an AVC flag indicating that a layer Jower than the
corresponding layer is encoded by MPEG~4 Part10 Advanced Video Coding (AVC)
and the buffer management parameter information of each layer indicating that the
parameter for managing the decoder buffer is the parameter for performing the
decoding process of only the corresponding layer.

[0027] |

Disclosed herein is an image processing method including setting, by an
image processing device, buffer management parameter information of each layer
indicating at least one of that a parameter for managing a decoder buffer is a

parameter for performing a decoding
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process of only a corresponding layer and that the parameter for ménaging the
decoder buffer is a parameter for performing a decoding process of a corresponding
layer and a lower layver, encoding, by the image processing device, an image having
at least one layer and generating a bitstream, and transmitting, by the image
processing device, the set buffer management parameter information and the
generated bitstream.

[0028]

According to one embodiment of the present invention, a bitstream obtained
by encoding an image having at least one layer and buffer management parameter
information of each layer indicating at least one of that a parameter for managing a
decoder buffer is a parameter for performing a decoding process of only a
corresponding layer and that the parameter for managing the decoder buffer is a
parameter for performing a decoding process of a corresponding layer and a lower
layer are received. Then, the received bitstream is decoded to generate an image.
[0029]

According to another embodiment of the present invention, buffer
management parameter information of each layer indicating at least one of that a
parameter for managing a decoder buffer is a parameter for performing a decoding
process of only a corresponding layer and that the parameter for managing the
decoder buffer is a parameter for performing a decoding process of a corresponding
layer and a lower layer is set, and an image having at least one layer is encoded to
generate a bitstream. Then, the set buffer management parameter information and
the generated bitstream are transmitted.

[0030]

Also, embodiments of the above-deseribed image processing device may be

an independent device or an inner block constituting one image encoding device or

1mage decoding device.

Advantageous Effects of Invention
[0031]

According to embodiments of the present invention, it is possible to decode
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image. Particularly, it is possible to perform a decoding process at a proper timing.
[0032]

According to embodiments of the present invention, it is possible to encode
an image. Particularly, it is possible to perform an encoding process at a proper

timing.

Brief Description of Drawings
[0033]
[FIG. 1] FIG. 1 is a diagram for describing an example of a configuration of a coding
unit. _
[FIG. 2] FIG 2 is a diagram for describing an example of spatial scalable video
coding.
[FIG 3] FIG 3 is a diagram for describing an example of temporal scalable video
coding.
[FIG. 4] FIG. 4 is a diagram for describing an example of scalable video coding of a
signal to noise ratio.
[FIG. 5] FIG. 5 is a diagram illustrating an example of syntax of an HRD parameter
of a HEVC. _
[FIG. 6] FIG. 6 is a diagram for describing a parallel process of scalability video
coding. |
[FIG. 7] FIG. 7 is a diagram illustrating an example of syntax of an HRD parameter
according to the present technology.
[FIG. 8] FIG. 8 is a diagram illustrating another example of syntax of an HRD
parameter according to the present technology.
[FIG. 9] FIG. 9 is a diagram illustrating another example of syntax of an HRD
parameter according to the present technology.
[FIG. 10] FIG. 10 is a block diagram illustrating an example of a main configuration
of a scalable encoding device.
[FIG. 11] FIG. 11 is a block diagram illustrating an example of a main configuration
of an enhancement layer image encoding section.

[FIG. 12] FIG. 12 is a block diagram illustrating an example of a main configuration



SP3B1I6R2WON

€1
)

of an accumulation buffer and an HRD type setting section.
[FIG, 13} FIG 13 is a diagram Tor describing an example of a layer structure.

[FIG. 14] FIG. 14 is 2 Howchart for describing an example of & flow of an encoding

Process.

o

[FIG, 15] FIGL 15 is o flowehart for deseribing an example of a layer encoding
process.
[F1G. 16] FIG. 16 15 & flowchart for deseribing an HRID parameter enceding process.
IFIG. 177 FIG 17 is v flowchart for describing an HRD parameter calculation process.
[FIG. 181 FIG 18 15 a flowchart for describing an HRD parameter of the time layer
10 calevlation process.
[FIG. 19} FIG 19 is & Howchart for deseribing another example of an HRD parameier
encading process.
[FIG 201 PIG. 20 is a black diagram illustrating an example of 2 main configuration
of a scalable decoding device.
15 [FIG 21 FIG 21 is a block diagram iltustrating an example of a main configuration
of'an enhancement layer inage decoding section.

[FIG. 22]

farn]

1G22 is a block diagram ilustrating an example of a main configuration
of an accumiulation butfer and an HAED type decoding section.
TFIG. 231 FIG 23 15 a flowchart for describing an example of a flow of a decoding

20 process,

[FIG0 24] FIG. 24 is a flowchart for describing an example of a flow of a layer
decoding process.
{F1G. 23] FIG 25 s a flowehart for deseribing another example of a flow of an HRD
parameter decoding process.

25 {FIG 26) FIG 26 is a flowehart for describing another example of a flow of an

FIG, 271 FIG 27 is a diagram iHustrating an example of syntax of vps_extension.

[FIG 28] FIG. 28 is a diagram Hlustrating an example of svniax of sps_extension.

[FIG 297 F14 29 is a diagramt 1lustrating an example of syntax of yps.

[aled
o]

fFIG 301 FIG 30 s a diagram  ilustrating an example of semantics of

laver id_inchuded Bag
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IFIG 311 FIG 31 s a diagram for describing a setting example of LayerSe,

[FIG. 32] ¥FIG 32 is a diagram  ibusirating an  example of syntax  of
buffering period SEL

[FIG. 33} FIG 33 is a diagram illostrating an  example of gsyntax  of
butfering_period SEL

[FiG. 34} FIG 34 is a diagram ilustrating an  example of syntax  of
buffering period SEL

[FIG. 351 FIG 35 s a diagram  illustrating an example of syntax  of
buffering_period SEL

[F1G. 36] FIG 36 is a block dingram illustrating another example of a main
configuration of an enhancement laver image encading section.

[FIG. 37} FiGn 37 15 a block diagram 1Hustrating an example of a configuration of a
buffering period SET setting section.

[FIG. 38 FIG 38 is a fowchart for describing an example of & layer encoding
process.

[FIG 39] FIG, 39 is a flowchart for deseribing an example of a buffering period SEI
encoding process.

[FIG. 401 FlG 40 & a block diagram illustrating another example of & main
configuration of an enhancement laver image decoding section.

(FIG 41] FIG 41 s a block diagram ilustrating an example of a configuration of a
buffering period SEI decoding section.

[FiG 421 FIG 42 15 a flowchart for deseribing an example of a layer decoding
DroCEss.

(FIG. 431 PG 43 1s a flowchart {or deseribing an example of a buffering periad SEI
decoding process.

FIG. 44] FIG. 44 is a flowchart for describing an example of an HRD parameter
encoding process in the case of an AVC flag.

[FIG 43] FIG 45 s a fowchart for describing an example of a buffering period SEI
encading process in the case of an AVC ag.

[FiGo 46] FIG 46 15 a diagram illustrating an example of a multi-view image

encoding scheme.
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[FIG 47] FIG 47 is a diagram illustrating an example of & main configuration of a
multi-view image encoding device to which the present disclosure is applied.

[FIG. 487 FIGL 48 35 a diagram illustrating an example of a main configuration of a
multi-view image decoding device to which the present disclosure is applied.

[FIG. 49 FIG. 49 is a block diagram illustrating an example of a main configuration
of a compuier.

[FIG. 301 FiG 50 is @ block diagram illustrating an example of a schematic
configuration of a television device,

[FIG. 317 FIG. 51 is a block diagram illustrating an example of a schematic
configuration of a mobile phone.

[FIG 521 FIG 52 is a block diagram iHustrating an example of a schematic
configuration of & recording/reproduction device,

[FIG. 531 FIG 53 is a block diagram ilustrating an example of a schematic
configuration of an image capturing device.

[FIG. 54] FIG. 54 is a block diagram illustrating an example of using scalable videa
coding,

[FIG. 551 FIG. 535 is a block diagram iHustrating another example of using scalable
video coding.

[FIG. 56] FIG. 56 is a block dingram iliustrating another example of using scalable

video coding,

Description of Embodiments

00347

Hereinafter, modes (hereinafier referred to as “embodiments™) for carrying
out the present disclosure will be described.  The description will proceed in the
following order:

G, Overview

I, First embodiment (image encoding device)

Z. Second empodiment (image decoding device)

3. Third embodiment (example of svniax)
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4. Fourth embodiment {example of buffering period SED

5. Fifth embodiment (example of AVC flag)

6. Sixth embodiment (muiti-view Image encoding device/multi-view image
decoding device)

7. Seventh embediment (computer)

8. Apnlications

9. Applications of scalable video coding

<. Overviews>

<Hneoding scheme>

Hereinafter, the present technology will be described i connection with an
application to image encoding and decoding of a High Efficiency Video Coding
{(HEV(Q) schoame,
[0036]

<(Coding unit>

In an Advanced Video Coding (AVUC) scheme, a hierarchical structure based
on a macroblock and a sub macroblock i3 defined.  However, a macroblock of
16>16 pixels is not optimal for a large image frame such as a Ultra High Definition
(UHD)Y (4060=2000 pixels) serving as a farget of a next generation encoding scheme,
[GU37]

On the cther hand. in the HEVC scheme, a coding unit (CU) is defined as
ittustrated in FIG. 1.
(0383

A CU 15 also referred (o as a coding tree block (CTR), and serves ag a pariial
area of an image of a picture unit undertaling the same role of a macroblogk in the
AVC scheme.  The laiter is fixed to a size of 16«16 pixels, but the former is not
fixed (o a certain size but designated in image compression information in each
sequence.
(00397

For example, a largest coding unit {ECUY and a smallest coding unit (SCUY

of a CU are specified in a sequence parameter set {SPS) included in encoded data 1o
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¢ output,
0040]

As sphit-flag=1 is set in a range in which each LOU is not smaller than an
SCU, a coding unit can be divided into CUs having a smaller size.  In the example
of FIGh 1, asize of an LCU is 128, and a largest scalable depth is 5. A CU of a size
of ZN#2N is divided into CUs having a size of NxN serving as a layer that Is one-
levet lower when a value of split_flag is 1.

[6041]

Further, a CU is divided in prediction units (PUs) that are areas {partial
areas of an image of a picture unit) serving as processing onits of infra or Inter
prediction, and divided info transform units {TUs) that are areas (partial areas of an
image of a picture unit) serving as processing units of orthogonal transform.
Currently, in the HEVC scheme, in addition to 4x4 and 88, crthogenal transform of
160016 and 32x32 can be used.

[0047]

As i the HEVC scheme, n the case of an encoding scheme in which a CU
is defined and various kinds of processes are nerformed in units of Cls, in the AVC
scheme, a macroblock can be considered 1o correspond to an LCU, and a block {sub
block) can be considered to correspond to a CU,  Further, in the AV scheme, a
motion compensation block can be considered to correspond to a PU.  Here, since a
CLI has a hierarchical structure, a size of an LCU of a topmost fayer is commonly set
10 be larger than a macroblock in the AVC scheme, for example, such as 128x128
pixels.

100431

Thus, hereinafter, an LCU is assumed 1o include a macroblock in the AVC
scheme, and a CU s assumed o include a block (sub block) i the AVC scheme.  In
other words, a “block™ used in the following description indicates an arbiirary partial
area In & picture, and, for example, a size, a shape, and characteristics thereof are not
imited.  In other words, a “block™ inciudes an arbitrary area {a processing unit)
such as a TU, a PU, an SCU, & CU, an LCU, a sub biock, 2 macrablock, or a slice.

Of course, a "block™ includes other partial aress (processing units) as well,  When it



16

30

SP351652W000

Is necessary to limit a size, a processing unit, or the like, it will be appropriate}y
deseribed.
[0044]

<Muode selection™

Meanrwhile, in the AVC and HEVCU encoding schemes, in order to achieve
high encoding efficiency, it is important to select an apprepriate prediction mode.
(00451

As an example of such a selection method, there is a method implemented
in reference software (found at hitp://iphome.hhide/suchring/tmlindex im) of
H264/MPEG-4 AVC called a joint model (JM).

048]

In the IM. as will be described later, it is possible to select two mode
determination methods, that is, a high complexity mode and a low complexity mode.
In both modes, cost function values related to respective prediction modes are
calculated, and a prediction mode having a smaller cost function value is selected as
an optimal mode for a correspordding block or macroblock.

60471

A cost function in the bigh complexity mode is represented as in the

following Formula (1)
[0048]

CostiModes =40 R (1)

[(049]

Here, () indicates a universal ser of candidate modes for encoding :

=3

corresponding block or macroblock, and D indicates differential energy bhetween a
decoded image and an input image when encoding is performed in a corresponding
prediction mode. L indicates Lagrange’s undetermined multiplier given as a
function of a quantization paramefer. R indicates a total coding amount including
an orthogonal transform coefficient when encoding is performed in a corresponding
mode,

[0050]

[n other words, in order to perform encoding in the high complexity maode, it
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is necessary to perform a temporary encoding process once by ail candidate modes in
order to calculate the parameters D and R, and thus a large computation amount is
reguired,
{0051}

A cost funetion in the low complexity mode is represented by the following

Formula (2):

100521
Cost(Mode e Qy=DFOP2Quant(QPY HeaderBit .. (2)
[0053]

Here, I3 is different from that of the high complexity mode and indicates
differential energy between a prediction image and an input image.  QP2Quant (OF)
Is given as a function of a guantization parameter QF, and HeaderBit indicates a
coding amount related o information belonging to a header such as a motion vector
or a mode Including no orthogonal transform coefficient.

[oos4

[n other words, in the low complexity mode, it is necessary to perform a
prediction process for respective candidate modes, but since # decoded image is not
necessary, it is unnecessary to perform an encoding process.  Thus. it is possible to
implement a computation amount smaller than that in the high complexity mode,
[00553

<Hcalable video coding>

Mearwhile, the existing image encoding schemes such as MPEG2 and AVC
have a scalability function as illustrated In FIGS. 2 10 4. Scalable video coding
refers to a scheme of dividing (hierarchizing) an image into a plurality of layers and
performing encoding for each layver.

100506}

In hierarchization of an image., one image is divided into a plurality of
images (layers) based on a cerlain parameter.  Basically, each layer is configured
with differential data so that redundancy is reduced.  For example, when one image
is hierarchized into two layers, that is, a base layer and an enhancement layer, an

image of a lower quality than an original image is obtained using only data of the
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base layer, and an original image (that is, a high-quality image) is obtained by
combining data of the base layer with data of the enhancement layer.
10057]

As an image is hierarchized as described above, it is possible to obtain
images of various qualities according to the situation.  For example, for a terminal
having a low processing capability such as a mobile phone, image compression
information of only a base layer is transmitted, and a moving image of low spatial
and temporal resolutions or a low guality is reproduced, and for a terminal having a
high processing capability such as a television or a personal computer, image
compression information of an enhancement laver as well as a base laver is
transmitted, and a moving image of high spatial and temporal resolutions or a high
quality is reproduced,  In other words, image compression information according to
a capability of a terminal or a network can be transmitted from a server without
performing the transcoding process.

[0058]

As a parameter having scalability, for example, there is spatial resolution
{spatial scalability} as illustrated in ¥IG Z. When the spatial scalability differs,
respective fayers have different resolutivns.  In other words, each picture is
hierarchized into two layers, that is, a base layer of a resolution spatially lower than
that of an original image and an enhancement layer that is combined with an image
of the base layer 1o obtain an original image (an original spatial resolution) as
Hustrated in FIG 2. Of course, the number of layers is an example, and each
pictyre ¢an be hierarchized into an arbitrary number of layers,

[6059]

As another parameter having such scalability, for example, there is a
temporal resolution {temporal scalability) as Hustrated in FIG. 3. In the case of the
temporal scalability, respective layers have different frame rates.  In other words, in
this case, each picture is hierarchized o lavers having different frame rates, a
moving image of a high frame rate can be obtained by combining & layer of a high
frame rate with a layer of a low frame rate, and an original moving image (an

original frame rale) can be obtained by combining all the layers as illustrated in FIG
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3. The number of layers is an example, and gach picture can be hierarchized into an
arbitrary number of lavers.
[0C607

Further, as another parameter having such scalability, for example, there is a
signai-to-notse ratio (SNR) (SNR scalabilityy.  In the case of the SNR scalability,
respective lavers having ditferent 8NRs,  In other words, in this case, each picture is
herarchized into two layers, that is, a base layer of an SNR lower than that of an
original image and an enhancement layer that is combined with an image of the base
layer to obtain an original SNR as Hlustreted it FIG 4. In other words, for base
laver image compression information, information related to an image of a low
PSMNR 15 ransmitted, and a high PSNR image can be reconstructed by combining the
inforaration with the enhancement layer image compression information,  Of course,
the number of fayers is an example, and each picture can be hierarchized info an
arbitrary number of layers.

[0G6t]

A parameter other than the above-deseribed examples may be applied as a
parameter having scalability.  For example, there is bit-depth scalability 1n which
the base layer includes an 8-bit image, and a 10-bit image can be obtained by adding
the enhancement layer to the base layer.

[0062]

Further, there is chroma scalability in which the base layer includes a
component image of'a 4:2:0 format, and a component image of & 4:2:2 format can be
obtained by adding the enhancement layer 1o the base laver.

(00631

Further, as a parameter having scalability, there 3 a multi-view, In this
case, an image is hierarchived into layers of different views.
[0664]

For example, layers described in the present embodimeant include spatial,
temporal, SNR, bit depth, color, and view of scalability video coding described
above.

100651
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Further, a term “layer” used in this specification includes a layer of scalable
video coding and cach view when a multi-view of & muiti-view is considered.
[0066]

Further, the term “layer” used in this specification is assumed to include a
main fayer {sorregponding to sub) and a sublayer.  As a specific example, a main
fayer may be a laver of spatial scalabtlity, and a sublayer may be configured with a
layer of temporal sealability.

10067)

In the present embodiment, a layver {Japanese) and a layer have the same
meaning, a layer (Japanese) will be appropriately described as a layer.
[0068]

<FIRD parameter>

Meanwhile, in the HEVC, when the decoding process of image compression
information s performed, it is possible to designate a Hypothetical Reference
Decoder (HDR) parameter iflustrated in FIG. 5 5o that no overflow or underflow of a
buffer occurs.  In other words, the HRID parameter s a parameter used 10 manage a
decoder buffer.  Particularly, when scalable video coding is performed, it 1s possible
to designate the HRID parameter for each laver in a video parametgr set (VPS5
[0065] |

<Parailel process of scalability video coding>

In an example of FIG 6, two examples (ex! and ex2) using a sequence
mcluding an 1 picture, a b picture, a B picture, & b picture, and a B picture are
Hustrated on the left side of FIG 6 as an example of temporal scalability.  in this
sequence, the | picture, the B picture, and the B picture are a fower fime layer, and
the b picture and the b picture are an upper time laver.

(00701

Here, the B picture indicates a picture that is referved to, and the b picture

indicates u picture that is not referred to.
(0071}
exd iy an example in which all the pictures are decoded by a deceding

device #0.  On the other hand, ex2 15 an example in which the lower Uime layer of
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the I picture, the B picture, and the B picture is decoded by the decoding device 40,
and the upper time layer of the b picture and the b picture is decoded by a decoding
device #1.

10072]

On the right side of FIG, 6, as o scalable HEVC example, two exanples
fex1] and exl2) using a scquence inciuding the 1 picture, the B picture, and the B
picture of the EL (enhancement layer) serving as the upper layer and the 1 nicture, the
B picture, and the B picture of the BL (base layer) serving as the lower layer are
illustrated.  The scalable HEVC means scalable video coding defined in the HEVC.
[0G73]

ex 1] is an example in which all the pictures are decoded by the decoding
device #0.  Omn the other hand, ex12 is an example in which the lower Javer of the 1
picture, the B picture, and the B pictare of the BL is decoded by the decoding device
#0, and the upper layer of the [ picture, the B picture, and the B picture of the BL is
decoded by the decoding device #1,

[0074]

For each layer of the scalable HEVC, each thne laver of temporal scalability
at the right side is configured as a subiaver.
[0075]

As described above, in the temporal scalability of the related art, in the
scalabie HEVC, a process may be performed by a single decoding device, and a
parailel process may be performed by a plurality of decoding devices.  Further,
through the syntax of FIG. 5, it is possible to designate the HRD parameter serving as
the parameter used to manage the decoder buffer for each layer or a time layer that is
one of sublavers.

(00763

However, as tHusirated in FIG. 6, it is difficult to detect whether the
decoding process is performed by a single decoding device or a plurality of decoding
devices.

10077}

In this regard, in the present fechnology, the HRD parameter is ansmitied
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through syntax illustrated in FIG 7. In other words, in the present technology,
information indicating whether the HRD parameter is a parameter for performing a
decoding process only in a corresponding laver or a parameter for performing a
decoding process of a cm‘respondi&‘ig layer and a lower layer is set. Thus, as

Hiastrated fn FIG. 6, it s clearly defined whether the decoding process is performed

by a single decoding device or a plurality of decoding devices, and thus it is possitle

to perform a decoding process at & proper timing,.

160781

<BExample of HRD parameter>

FI1G 7 is a diagram illustrating an example of syntax of the HRD parameter
according to the present technology. Numbers on the left of each row are row
sumbers added for description.
[0079]

Inan example of FIGL 7, hrd_parameters type flag is defined in a 10th row.
When a value of hrd_parameters_type flag is 1, a value for performing a decoding
process of only a corresponding layer is set as an HRD parameter of a subsequent
paragrapn,  When a value of hrd parameters _type_ flag is 0, a value for performing
a decoding process of a corresponding layer and a lower laver is set as an HRD
parameter of & subsequent paragraph.
(0080}

Further, brd parameters type flag may be included i an if statement
starting from an 11 row.
[0081]

s detined in a 25th row, When a value

sub_hrd parameters type[il flag

{'sub_hrd_parameters typeli] flag

s 1, a value for performing a decoding process
of only a corresponding time layer is set as a sub HRD parameter of a subsequent
paragraph.  When a value of brd_parameters type flag is 0, a value for performing
a decoding process of a corresponding time faver and a lower time layer is set as a
sub HRLY parameter of a subsequent paragraph.

H00872]

FIG 7 illustrates the example in which the designating is performed by any
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one method {either only a corresponding layer is included or a lower laver is also
included) for each layer and sach time layer, but the present technology is not hmited
to this example.  For example, the HRD parameter in which the HRD parameter is
designated by both methods may be included.

[0083]

<Other exampie of HRD parameter>

FIG 8 is a disgram tHustrating another example of syntax of the HRD
parameter aceording to the present lechnology.  MNumbers on the leff of cach row are
row numbers added for deseription.

[0084]

In an example of FIG 8, hrd parameters typel present flag is defined in
an [1th row.  When a value of hrd_parameters_typel presen{ flag is 1, a value for
performing a decoding process of only a corresponding layer is set as an HRD
parameter  of typel set m [3th (o 24th  rows. When a wvalue of
hrd_parameters_typel_present_flag is 0, a value for performing a decoding process
of a corresponding laver and a lower layer is set as the HRD parameter of typel.
[0085]

hrd parameters type? oresent flag is defined in a 12th row. When a

value of hrd_parameters_type?2 present flag is 1, a value for performing a decoding
process of only a corresponding layer is set as an HRD parameter of type2 defined in
25th to 36th rows.  When a value of hed parameters typel present flag is €, a
vatue for performing a decoding process of a corresponding layer and a lower layer
is set as the HED parameter of tvpeZ.
100861

Simifarty to the example described above with reference o FIG. 7, the flags
of the 11th and [2th rows may be described before an if statement starting from a
H0th row.
100871

sub _hrd parameters typel present ag is defined in a 40th row.  When a

decoding process of only a corresponding time faver 18 set as an HRID parameter of
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typel st in 45th to 3Znd rows. When  a  wvalue  of
sub_hrd_parameters _typel preseni flag is 0, a value for performing a decoding
process of a corresponding fime layer and a lower time layer is set as the HRD
parameter of typel,

(0688

sub_hrd parameters type2 present flag is defined in a 41st row.  When a
value of sub_hrd_parameters_tvpe2 present flag is 1, a value for performing a
decoding process of only a corresponding time layver is set as an HRD parameter of
type2  set  in 33rd w0 60th rows. When a value  of
sub _hrd_parameters_typel_present_flag is G, a value for performing a decoding
process of a corresponding time layer and a lower fime layer is set as an HRD
parameter of type?.

[0089]

As described above, in the present technology, the parameters of typel and
typeZ serving as the HRD parameter for the decoding process of only the
corresponding layer and the HRID parameter for the deceding process of the
corresponding layer and the lower laver are set at the encoding side.  Thus, the
decoding side can select the parameter according to a device or a received bitstream,
{00901

Further, when the image compression information includes only one tayer,

and sun_hed parameter_type flag may have any value, and the decoding process is
not affecied.
[00917

Next, the present technology will be described in comnection wiih
applications to a specific device.  For the sake of convenience of description, the
following description will proceed with a case of ex 17 of the scalable HEVC and ex]
of temporal sealabifity in FIG. 6. Here, the present technology is not limited to this
case.  For example, there may be a case of ex12 of the scalable HEVC and ex? of
femporal scalability in FIG. 6, a case of exi] of the scalable HEVC and ex? of

temporal scalability in FIG. 6, and a case of ex!] of the scalable HEVC and ex] of
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]

termnpaoral scalability in FIG 6,
[00921

<1. First embodiment>

<Sc¢alable encoding device>

FIG 10 35 a block diagram iflustrating an example of a main configuration
of a scalable encoding device.

(00037

A scalable encoding device 100 illustrated in FIG. 10 encodes each layer of
image data hierarchized into a base iaver and an enhancement layer,
10094]

The scalable encoding device 100 is configured to include a base laver
image encoding section 101-1, an enhancement layer image encoding section 1612,
and an encoding control section 102.

[0093]

The base fayer image encoding section 101-1 acquires image information
{base fayer image information) of the base layver. The base layer image encoding
section 101-1 encodes the base laver image information without referring to other
layers, generates encoded data (base layer encoded data) of the base laver, and
outputs the generated encoded data.

[0094]

The enhancement layer image encoding section 101-2 acquires imape
information (enhancement fayer image information) of the enhancement layer, The
enhancement layer image encoding section 101-2 encodes the enhancement layer
image Information. AT this time, the enhancement layer image encoding section
H01-2 performs inter-layer prediction with reference to information related to
encoding of the base laver as necessary.

00971

Further, the enhancement layer image encoding section 101-2 sets the HRD
parameter type for each layer, and calculates the HRID parameter serving as the
parameter wsed 10 manage the decoder buffer based on state information of an

accumulation buffer according 1 the set HRD parameter type.  The enhancement
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!dyﬁi image encoding section 101-2 encodes the caleulated HRID parameter.
[0098]

Specifically, the HRD parameter type indicates whether the HRD parameter
is the parameter for decoding only a corresponding layer or the parameter for
performing the decoding process of a corresponding layer and a lower laver.  This
type may set both of the parameters as well as any one of the parameters. The
encoding side caleulates the HRD parameter according to the flag (information)

1

mdicating the sef type, and transmits the flag mdicating the set fype and the
calenlated HRD parameter to the decoding side.  Hereinafter, the flag indicating the
HRD parameter type is appropriately referred to as an “HRD parameter type flag.”
(60991

When the flag indicating the HRD parameter type is 1, the enhancement
layer image encoding section 101-2 calculates the HRD parameter based on the siate
information of s own accumulation buffer. When the flag indicating the HRD
parameter type is 0, the enhancement laver image cncoding section 101-2 acquires
state information of the whole accumulation bufler of the base Jayer image encoding
section 101-1, and calculates the HRI parameter based on the state information of
the base layer image encoding section 101-1 and its own accwmulation buffer.  This
process is performed on a layer and a sublayer (fime layer),  In the base layer image
encoding section 101-1, this provess is performed only on the sublaver
[0100]

The enhancement layer image encoding section 101-2 generates encoded
data (enhancement layer encoded data) of the enhancement layer through the above
encoding, and outputs the generated encoded data,

(0101

‘the base layer image encoding section 101-1 and the enhancement layer
unage encoding section 101-2 are appropriately referred to collectively as a “layer
image encoding section 1017
[01023

The enceding control section 102 contfrols the encoding process of the layer

image encoding sections 101, for example, in view of the reference relation of the
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layer image encoding sections 1]
{01031

in the example of IIG. 10, one enhancement layer image encoding section
101-2 Is itlustrated, but when there is an upper laver, enhancement layer Image
encoding sections 101-3, 101-4, .. that encode the upper laver are provided for each
of the upper lavers.
[0104]

<Fxample of configuration of layer image encoding section™>

FIG 11 s a block dlagram illustrating an example of a main configuration
of the enhancement layer image encoding section 101-2. The base layer image
encoding section 101-1 of FIG. 16 has basically the same configuration as the
enhancement layer image encoding section 1012 of FIG 11 excent that & type of an
image serving as a target is different.  For the sake of convenience of deseription, in
the example of FIG 11, a configuration of the enhancement layer image encoding
section 101-2 wiil be described as an example.
(01053

As ilustrated in FIG, 11, the eohancement laver image encoding section
101-2 includes an A/} converting scction 111, a screen reordering buffer 112, an
operation section 113, an orthogonal transform section 114, a guantization section
115, a lossless encoding section 116, an accumufation buffer 117, an inverse
guantization section 118, and an inverse oréi‘;ogoﬂai transform section 119, The
enhancemesnt layer image encoding section 101-2 further includes an operation
section 120, a loop filter 121, a frame memory 1272, a selecting section 123, an intra
prediction section 124, a motion prediction/compensation section 125, a predictive
image selecting section 126, and a rate control section 127, The enhancement layer
image encoding section 101-2 further includes an HRD type setting section 128,
(6106}

The A/D converting section 111 performs A/D conversion on input image
data (the enhancement layer image information), and supplics the converted image
data {digital dats) to be siored in the screen reordering buffer 12, The sereen

reordering buffer 112 reorders images of frames siored in a display order in a frame
& oS 3
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order for encoding according to a Group Of Pictures (GOP), and supplies the images
in which the frame order is reordered to the operation section 113, The screen
reordering buffer 112 also supplies the images in which the frame order is reordered
to the intra prediction section 124 and the motion prediction/compensation section
125.

[¢107]

The operation section 113 subtracts & predictive image supplied from the
intra prediction section 124 or the motion prediction/compensation section 1235 via
the predictive image selecfing section 126 from an image read from the screen
reordering buffer 112, and outputs differential information thereof to the orthogonal
transform section 114, For example, in the case of an image that has been subjected
to intra coding, the operation section 113 subtracts the predictive image supplied
from the intra prediction section 124 from the image read from the screen reordering
buffer 112, Further, for example, in the case of an image that has been subjected to
inter coding, the operation section 113 subtracts the predictive image supplied from
the meotion prediction/compensation section 125 from the image read from the screen
reordering buffer 112,

{0108}

The orthogenal transform section 114 performs an orthogonal transiorm

such as a discrete cosine transform or a Karhunen-ioéve Transform on the

differential information supplied from the operation section 113, The orthogonal
transform section 114 supplies transforn: coefficients to the quantization section 115.
[0109]

The guantization section 115 guantizes the transform coefficients supplied
from the orthogonal transform section 114, The quantization section 115 sels a
quaniization parameter based on information related to a target value of a coding
amount supplied from the rate control section 127, and performs the q_uamizi;‘zg.
Yhe quaptization section 115 supplies the guantized transform coefficients to the
lossiess encoding section 116,

[0110]

The lossiess encoding section 116 encodes the transform coefficients
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quantized in the quantization section 113 according to an arbitrary encoding scheme.
Stnee coeflicient data is guantized under contrel of the rate control section 127, the
coding amount becomes a target value {or approaches a target value) set by the rate
control section 127.

10111

The lossiess encoding section 116 scquires mmformation indicating an intra
prediction mode or the like from the intra prediction section 124, and acquires
information indicating an  inter prediction mode, differential motion  veotor
itformation, or the like from the motion prediction/compensation section 175,
Further, the lossless encoding section 116 appropriaiely generates an NAL unit of the

enhancement layer including a sequence parameter set (SPS), a picture parameter set
(PPSY, and the lke.
(6112}

The lossless encoding section 116 encodes various kinds of information

acoording to an arbitrary encoding scheme, and sets (multiplexes) the encoded
information as part of encoded data {(also referred to as an “encoded stream™).  The

lossless encoding seetion 116 supplies the encoded data obtained by the encoding to

be accumulated in the accurmulation buffer 117.

[0113]

Hxamples of the encoding scheme of the lossless enceding section 116
include variable length coding and arithmetic coding.  As the variable length coding,
for example, there is Context-Adaptive Variable Length Coding (CAVLC) defined in
the FHL264/AVC scheme.  As the arithmetic coding, for example, there is Context-
Adaptive Binary Arithmetic Coding (CABAC).

[G114]

The accumulation buffer 117 temporarily holds the encoded data
{enhancement layer encoded data) supplied from the lossless encoding section 116
‘The accumulation buffer 117 outputs the held enhancement laver encoded data to a
recording device (recording medium), a transmission path, or the lke (not illustrated)
at a subsequent stage at a certain Uming,  In other words, the accumulation buffer

117 serves as a transmitting section that transmits the encoded data as well,  Further,
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when there is a request from the HRD tvpe setting section 128, the accumulation
buffer 117 supplies information indicating a state of the accumulation buffer 117
Further, for example, when there s an enhancement layer image encoding section
101-3 of an upper layer, and there is a request from its HIRD type setting section {28
as indicated by a dotted line, the accumulation buffer 117 supplies the information
mdicating the state of the accumulation bufler 117 to the enhancement layer mage

encoding section 101-3 of the upper layer.

[0115]
The iransform coefficients quantized by the quantization section 115 are
also supplied to the inverse guantization section 118, The isverse quantization

section H8 inversely quantizes the quantized transtorm coefficients according to a
method corresponding to the quantization performed by the quantization section 115,
The inverse quantization section 118 supplies the oblained transform coefficients to
the inverse orthogonal transform section 119,

[6116]

The inverse orthogonal transform section 119 performs an inverse
orthogonal transform on the transform coefficients supplied from the inverse
guantization section 118 according to a method corresponding te the orthogonal
transform process performed by the orthogonal transform section 114, An output
(restored diffevential information} that has been subjected to the inverse orthogonal
transform is supplied to the operation section 120.

[0117]

The operation section 120 obtains a locally decoded image (a decoded
image} by adding the predictive lmage supplied from the intra prediction section 124
or the motion prediction/compensation section 125 via the predictive image selecting
section 126 to the restored differential information serving as an inverse orthogonal
fransform result supplied from the wverse orthogonal transform section 119, The
decoded image is supplied to the loop filter 121 or the frame memory 122.

[0i18]
The loop filter 121 includes a deblock filter, an adaptive offser filter, an

adaptive loop filter, or the like, and appropriately performs a filter process on the
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reconsiructed image supplied from the operation sestion 120, For exampie, the
loop filter 121 performs the deblock flter process on the reconstructed image, and
removes block distortion of the reconstructed image.  Further, for example, the loop
filter 121 improves the image guality by performing the loop filter process on the
deblock filter process resuit (the reconstructed image from which the block distortion
has been removed) using a Wiener filter.  The loop filter 121 supplies the filter
process result (hereinafler referred (0 as a “decoded image™ (o the frame memory
122
(01191

The loop filier 121 may further perform any other arbitrary filier process on
the reconsiructed image.  The Joop filter 121 may supply information used in the
fiiter process such as a filter coefficient fo the lossless encoding section 116 as

necessary so that the information can be encoded.

The frame memory 122 stores the reconstructed image supplied from. the
operation section 120 and the decoded image supplied from the loop fifter 121, The
frame memory 122 supplies the stored reconstructed image o the intra prediction
seotion 124 via the selecting section 123 at a certain tming or based on an external
request, for example, from the bntra prediction section 124, Further, the frame
memory 122 suppiies  the  stored  decoded  image 1o the motion
prediction/compensation section 125 via the selecting section 123 at a certain liming
or  based on an external vequest, for example, from  the motion
prediction/compensation section 125.

(01211 '

The frame memory 122 stores the supplied decoded image, and supplies the
stored decoded image to the selecting section 123 as a reference image at a cerfain
fiming.

[0122]

The selecting section 123 selects a supply destination of the reference image

supplied from the frame memory 1220 For example, in the case of the intms

prediction, the selecting section 123 supplics the reference image (a pixel value of a
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current  picture}  supplied from  the fame memory 122 to the motion
prediction/compensation section 125, Purther, for example, in the case of the inter
prediction, the selecting section 123 supplies the reference image supplied from the
frame memory 122 to the motion prediction/compensation section 125,

[0123]

The intra prediction seciion 124 performs the intra prediction (infra-screen
prediction} for generating the predictive image using the pixel value of the current
plcture serving as the refecenice image supplied from the frame memory 122 via the
selecting section 123, The intra prediction section 124 performs the intra prediction
in a plurality of intra prediction modes that are prepared in advance.

[0124]

The intra prediction section 124 generates predictive images in all the intra
prediction modes serving as the candidates, evaluates cost function values of the
predictive images using the input image supplied from the screen reordering bufter
112, and selects an optimel mode. When the optimal intra prediction mode i3
selected, the intra prediction section 124 supplies the predictive image generated in
ihe optimal mode to the predictive image selecting section 126,

[0125]

As described above, the inira prediction section 124 appropriately supolies,
for example, the intra prediction mode information indicating the emploved nira
prediction mode to the lossless encoding section 116 so that the imformation is
encoded.

[0126)

The motion prediction/compensation section 123 performs the motion
prediction (the inter prediction) using the nput image sopplied from the screen
reordering buffer 112 and the reference image supplied from the frame moemory 122
via the selecting section 123 Although  not iliustrated, in the motion
prediction/compensation section 1235, the reference image supplied from the frame

memory 122 of the base layver image

encoding, section 101-1 is also referred to as
necessary.  The motion prediction/compensation section 125 performs a motion

corpensation process according to a detected motion vector, and generates a

&
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predictive  hmage  {inter-predictive  image  information). The  maotion
prediction/compensation section 125 performs the inter prediction in a plurality of
inter prediction modes that are prepared in advance.

01273

The motion prediction/compensation  section 125 generates predictive
images in ail the inter prediction modes serving as a candidate.  The motion
prediction/compensation section 123 evaluates cost function values of the predictive
images using the put image supplied from the screen reordering buffer 152,
information of the generated differential motion vector, and the like, and selects an
optimal mode. When the optimal inter prediction mode is selected, the motion
prediction/compensation section 125 supplies the predictive image generated in the
oplimal mode to the predictive image selecting section 126,

10128]

The motion prediction/compensation section 125 supplies information
indicating the emploved inter prediction made, information necessary for performing
processing in the inter prediction mode when the enceded datz is decoded, and the
like to the lossless encoding section 116 so that the information is encoded.  For
example, as the necessary information, there is information of a generated
differential motion vector, and as prediction motion vector information, there is a
flag indicating an index of a prediction motion vector,

[0129]

The predictive image selecting section 126 selects a supply souice of the

prediction image to be supphied o the operation section 113 and the operation section

120, For example, in the case of the intra coding, the predictive image selecting

i

section 126 selects the intra prediction section 124 as the supply source of the
predictive image. and supplies the predictive image supplied from the intra
prediction section 124 fo the operation section 113 and the operation section 120,
For example, in the case of the inter coding, the predictive image selecting section

Iy

126 selects the motion prediction/compensation section 125 as the supply source of
the predictive image, and supplies the predictive image supplied from the motion

prediction/compensation section 1235 to the operation section 113 and the operation
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section 120
[8130]

The rate contrel section 127 conirols a rate of a quantization operation of the
guantization section 113 based on the coding amount of the encoded data
accwmnuiated in the accumulation buffer 117 such that no overflow or underflow
OCOUTS.

01313

The HRD type setling section 128 decides the HRD parameter type
according to the user’s instruction, and acquires information indicating an
accumulation state from the accumulation buffer 117 or the accumulation huffer (the
lower layer) 117 of the base jayer image encoding section 101-1 according to the
decided HRD parameter type. The HRD type setting section 128 calculates the
FIRD) parameter based on the acquired information, and causes the lossless encoding
section 116 to encode the flag indicating the HRD parameter type and the HRD
parameter,

(01323

Further, when the image compression information (encoded data) fo be
output inciudes one layer, the value of the flag indicating the HRID parameter type is
arbitrary, and doos not affect the process at the decoding side.

[01331

<Example of configuration of accumulation buffer and HRID type setting
section™>

FIG 12 is a block diagram illustrating an example of & configuration of the
accumulation buffer and the HRD type setting section of FIG, 11,

10134]

In an example of IIGL 172, the accumulation buffer 117 is configured to
include a partial accumulation buffer 131 and a whole accumulation buffer 132,
(01357

The HRD type setting section 128 s configured to include a laver HRD
parameter calculating section 141, a time layer HRD parameter calculating section

142, an HRD parameter type setting section 143, and a time HRD parameter type
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setting section 144,
[6136]

The partial accumulation buifer 131 is confligured with each accumulation
buffer that accumulates encoded data related to each upper time layer among the
encoded data (codes) accumulated it the whole accumulation buffer 132, The
information indicating the state of cach accumulation buffer is supplied o the time
layer HRD parameter caleuiating section 142 on request.

[0137]

The whole accumulation bulfer 132 accumulates the encoded data (codes)
encoded by the lossless encoding section 116, Further, information indicating a
state of the whole accumulation buffer of the whole accumulation buffer 132 is
suppiied to the layer HRD parameter calculating section 141 and the time layer HRD
parameter calculating section 142 on request.  Further, there are cases in which
there is the enhancement layver image encoding section 101-3 of the upper layer as
indicated by a dotted line.  In this case, the information indicating the state of the
whole accumulation buffer of the whole accumulation buffer 132 is also supplied to
the HRID type setfing section (upper Jayer) 128 according to the reguest of the HRD
type setting section (upper layer) 128 of the enhancement layer image encoding
section 101-3.

[0138]

The iayer HRID parameter calculating section 141 acquires the information
indicating the state of the whole accumulation buffer 132 and the information
indicating the state of the accumuiation buffer {the lower layer) 117 of the base layer
image encoding section 101-1 according to the HRIY parameter type ( flag) supplied
from the HRIY parameter type setting section 143, Practically, information is
scquired from the whole accumulation buffer 132 of the accumulation bulfer of the
base layer image encoding section 101-

[G139]

When the HRD parameter type flag indicates 1, the information indicating

the state of the whole accumulation buffer 132 is acquired.  When the HRD

parameter type ftag indicates 0, the information indicating the state of the whale
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accumulation buffer 132 and the information indicating the state of the accumuiation
buffer (the lower layer) 117 of the base layer image encoding section 101-1 ars
atquired.

[0140]

The layer HRD parameter calcslating section 1471 calculates a layer HRED
parameter based on the HRD parameter type flag supplied from the HRD parameter
type selting section 143 and the acquired information, and supplies the calculated
layer HRID parameter to the lossless encoding section 116,

[0141]

The time layer HRD parameter csloulating section 142 acquires the
information indicating the staie of the whole accumulation buffer 132 and the
information mdicating the state of the accumulation buffer of the correspending time
layer of the partial accumulation buffer 131 according to the sub HRD parameter
type (flag) supplied from the time HRIDD parameter fyps sefting section 144,

[0142]

When the sub HRD parmmeter type flag indicates 1, the information
indicating the state of the accumulation buffer of the corresponding time layer of the
partial accumulation buffer 131 is acquired. When the sub HRD parameter type
Hag indicates 0, the information indicating the state of the whole accurnulation buffer
132 and the information indicating the state of the accumulation buffer of the
corresponding time layer of the partial accumulation buffer 131 are acquired.

[G143]

The time layer HRID parameter cajcolating section 142 caleulates a time
tfayer HRID parameter based on the sub HMRD parameter type supplied from the time
HRID parameter type seiting section 144 and the acquired information, and supplies
the caleulated tme layer HRD parameter to the lossless encoding section 116,

[(144]

The HRD parameter type setting section 143 sets the HRIDY parameter type
according to the user’s instruction, and supplies the flag indicating the set HRD
parameter type fo the lossless encoding section 116 and the laver HRD parameter

calewtating section 141,
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[(145]

The time HRD parameler type setting section 144 seis the sub HRD
parameter type according to the user’s instruction, and supplies a flag indicating the
set sub HRD parameter tvpe to the lossiess encoding section 116 and the time layer
HRD paramneter calculating section 142,
10146G]

The lossless encoding section 116 encodes the flag indicating the HRD
parameter type supplied from the HRD paramcter tvpe setting section 143 and the
layer HRID parameter supplied from the layer HRD parameter caleulating section 141,
and sets the encoded information as header information of the encoded data.  The
lossless encoding section 116 encodes the flag indicating the sub HRD parameter
type supplied from the time HRD parameter type setting secticn 144, and the time
layer HRD parameter supphied from the time layer HRD parameter caleulating
section 147, and sets the encoded mformation as the header information of the
encoded data.  The encoded data is output to the whole accumulation buffer 132,
{0147]

<{.ayer structure™

In the scalable video coding, image data is hierarchized into a plurality of
layers as deseribed above with reference 1o FIGS. 2 to 4. In the following, for the
sake of description, this layer is referred to as a main layer.
r0148)

A picture group of each main layer configures a sequence in the main layer,
The pictures in the sequence form a hierarchical stucture (o GOP structure) as
iustrated in FIG. 13, similarly to moving image data of a single main laver.  In the
following, for the sake of description, a layer in one main laver is referred to as a
sublaver.

{0149}

In the example of FIG. 13, & main laver is contigored with two layers, that is,
a base layer (BaseLaver} and an enhancement layer (EnhLayer).  The base laver is a
layer in which an image is formed by only its own main layer without depending on

other main layers.  Data of the base layer is encoded and decoded without referring
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to other main layers,  The enhancement layer is a main layer that is combined with
data of the base layer to obtain an image. Data of the enhancement laver can be
used by a prediction process (an mter-main layer prediction process) (which is also
referred to as “inter-layer prediction”) with a corresponding base layer.

101501

The number of main layers of encoded data hierarchized by the scalable
video coding is arbitrary.  In the following, cach main layer is assumed 1o be set as a
base layer or an enhancement layer, and in cach enhancement laver, any one base
layer is assumed to be set as a reference destination.

[0151]

In the example of FIG. 13, each of the base [ayer and the enhancement laver
has a GOP structure configured with three sublayers, that is, a sublayer 0 (Sublayer®),
asublayer 1 (Sublayerl), and a sublayer 2 (Sublayer2). A square illustrated in FIG,
13 indicates a picture, and a character in the square indicates a type ol a picture.
For example, a square in which “I” is written indicates an | pic{‘-u;‘c_, a square in which
“B7is written indicates a B picture that 1s referable to, and a square in which “b” is
written indicates a B picture that is not referred fo.  Further, a dotted line between
squares indicates a dependence relation (a reference relation).  As indicated by
individual dotled lines, a picture of an upper sublayer depends on a picture of a lower
sublayer.  In other words, the picture of the sublayer 1 or the picture of the sublayer
0 Is referred to by the picture of the sublayer 2 (Sublayer2}.  Further, the picture of
the sublayer O is referred o by the picture of the sublayer 1. The picture of the
sublayer 0 is appropriately referred to by the picture of the sublaver 0.

(61521

The number of sublayers (o sublaver number) is arbitrary.  The GOP
siructure is also arbitrary, and not limited to the example of FIG. 13,

[G153]

Here, a correspondence relation with the present embodiment will be
described.  Encoded data of all pictires of the enhancement layer is ascumulated in
the whole accumulation buffer 132 of FIG. 12,

[G154]
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The partial accumulation buffer 131 of FIG 12 includes an accumulation
buffer of the subfaver | and an accumulation buffer of the sublayer 2. In other
words, for example, encoded data of the B pictures of the sublayer 1 indicated by B2,
B4, and B6 in the enhancement layer of FIG. 13 is accumulated in the accumulation
buffer of the sublayer 1. Encoded data of the B} piciures of the sublayer 2 indicated
by bl, b3, b5, and b7 in the enhancement laver is accumulated in the accumulation
buffer of the sublayer 2.

[0155]

Hurther, encoded data of all pictures of the base layer of FIG 13 i3
scowmulated in {the whole accumuiation buffer 132 of) the accumuiation buffer 117
of the base faver image encoding section 101-1 illustrated in FIG 12, and
information indicating the buffer state s supplied to the layer HRD parameter
caleulating section 141 as information indicating a state of the lower laver whole
accumulation buffer.

[0156]

Further, although not illustrated, the partial accwmnulation buffer 131 of the
scoumulation buffer 117 of the base layer image encoding section 101-1 includes an
accumnuiation bulfer of the sublayer 1 and an accumulation buffer of the sublayer 2,
o other words, for example, encoded date of the B plctures of the sublayer 1
indicated by B2, B4, and B6 in the base laver of FIG 13 is accumulated in the
accumulation buffer of the sublayer 1. Encoded data of the B pictures of the
sublayer 2 indicated by bl, b3, b3, and b7 in the base Javer is accumulated In the
accunmulation buffer of the sublayver 2.

[0157]
<Flow of encoding process>
Next, the fow of the process performed by the scalable encoding device 100
I be described.  First, an example of the flow of an encoding process will be
deseribed with reference 1o a flowchart of FIG. 14,
[0138]
When the encoding process starts, n step $101, the encoding control section

(2

02 of the scalable encoding device 100 decides a layer of a processing target in
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view of the reference relation of an Image or the Hke.
[0139]

inn step 85102, the base layer Image encoding section 101-1 performs a laver
encoding process under control of the encoding control section 102, The laver
encoding process will be described later with reference to FIG. 15, When the
process of step 5102 ends, the process proceeds o step S103.
f01e0]

In step $103, the encoding control section 102 determipes whether or not all
the mein layers have been processed.  When it is determined that there is a non-
processed main layer, the process proceeds to step S104.

[0i6t]

in step 5104, the encoding control section 102 sets a next non-processed
main layver as a processing target {current main layer). When the process of stap
5104 ends, the process retumns to step S102.  In step S162, the enhancement layer
image encoding section 101-2 performs the layer encoding process under control of
the encoding control section 162.  The process of steps S102 to ST04 is repeatedly
performed 1o encode the main layers as described above.  The process of step S162
may be processed in parallel by a plurality of laver image encoding sections 101
having no reference relation,

[0162]

Then, when all the main layers are determined to have been processed in
step S163, the encoding process ends.
[0163]

<Flow of tayer encoding process™>

Next, the layer encoding process in step 5102 of FIG 14 will be described
with reference to a flowchart of FIG 15, An example of FIG. 15 will be deseribed
in conpection with an example of the enhancement layer image cneoding section
101-2.

(31047
In step 5111, the A/D converting section 111 of the enhancement laver

image encoding section 101-2 performs A/D converston on input image information
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(image data) of the enhancement layer.  Tn step S112, the screen reordering buffer
112 stores image information (digital data) of the enhancement layer that hag been
subjected to the A/ conversion, and reorders the pictures arranged in the display

grder in the encoding order

[0165]
In sten 5113, the intra prediction section 124 performs the infra nrediction
{ P k
process in the intra  prediction mode. In step S114, the motion

prediction/compensation section 125 performs an inter motion prediction process in
which motion prediction and motion compensation in the inter prediction mode are
performed.  Ia step 8115, the predictive image selecting section 126 decides an
optimal mode based on the cost function values output from the ntra prediction
seetion 124 and the motion prediction/compensation section 125, In other words,
the predictive image seleciing section 126 selects either of the predictive image
generated by the intra prediction section 124 and the predictive image generated by
the motion prediction/compensation section 125, In step S116, the operation
section 113 caloutates a ditference between the image reordered in the process of step
5112 and the prediciive image selected in the process of step S115. The differential
data is smaller in a data amount than the coriginal inage data.  Thus, it is possible 1o
compress a data amount 1o be smaller than when an image is encoded without change.
[0164]

In step S117, the orthogonal transform section 114 performs the orthogonal
transtorm process on the differential information generated in the process of step
5116, In step S118, the quantization section 115 guantizes the orthogonal transform
coefficients obtained in the i}roccss of step S117 using the quantization paramefer
caleulated by the rate control section 127,

10167]

The differential information quantized in the process of step S118 is locally
decoded as follows.  In other words, in step S119, the inverse quantization section
118 performs inverse quantization on the guantized coefficients {which are also
referred 1o as “quantization cocfficlents™) quantized in the process of step S118

according to characteristics corresponding 1o characteristics of the quantization
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section 115, In step S120, the inverse orthogonal ransform section 119 performs
the inverse orthogonal transform on the orthogonal fransform coefficients obtained in
the process of step S117. In step S121, the operation section 120 generates a locally
decoded image (an image comresponding (o an input of the operation section 113) by
adding the prediciive image fo the locally decoded differential information.
101681

in step 51272, the loop filter 121 performs filtering on the image generated in
the process of step 5121, As a vesult, for example, block distortion is removed.  In
step 5123, the frame memory [22 stores the image in which, for example, the block
distortion has been deleted in the process of step 8122, The image that is not
subjected to the filter process performed by the foop filter 121 is also supplied from
the operation section 120 and stored in the frame memory 122, The image stored in
the frame memory 122 is used in the process of step S113 or the process of step S114.
[0169]

in step 5124, the HRD type setting section 128 performs an HRD parameter
encoding process.  The HRD parameter encoding process will be described later
with reference to FIG, 16, and through this process, the flag indicating the HRD
parameter type and the HRD parameter are supplied to the lossless encoding section

lia.

(61701
in step 5125, the lossless encoding section 116 encodes the coefficients
quantized in the process of step 5118, In other words, lossless coding such as

variable length coding or arithmetic coding is performed on data corresponding fo
the differential image.
(6171

At this time, the lossless encoding section 116 encodes information related
to the prediction mode of the predictive image selected in the process of step $115,
and adds the encoded information to the encoded data obtained by encoding the
differential image.  In other words, the lossless encoding section 116 also encodes,
for example, Information according to the optimal Intra prediction mode information

-

supplied from the inira prediction section 124 or the optimal inter prediction mode
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supplied from the motion prediction/compensation section 125, and adds the encoded
information to the encoded data.  Furthar, the lossless encoding section 116 also
encodes information such as a flag indicating the HRD parameter tvpe and the HRD
parameter supplied in the process of step S124, and adds the encoded information to
the encoded data.

[0172]

In step 8126, the accumulation buffer 117 accumulates the enhancement
fayver encoded data obfained in the process of step 8125, The enhancement laver
encoded data acoumulated in the accumulation buffer 117 iy appropriately read and
iransmitted to the decoding side via a transmission path or & recording mediom,
[0173]

In step 8127, the rate control section 127 controls the guantization operation
of the gquantization section 115 based on the coding amount {the generated coding
amount) of the encoded data accumrulated in the accumulation buffer 117 in the
process of step 5126 so that no overflow o underflow cceurs,  Further, the rate
control section 127 supplies information related to the quantization parameter to the
quantization section 115,

(01741

When the process of step 5127 ends, the encoding process ends, and the

rocess returns o step 5102 of FIG 14,

10175}

<Flow of HRD parameter encoding nrocess™

Next, an example of encoding the HRD parameter illustrated in FI1G 7 will
be described with reference to a Howehart of FIG. 16.

[3176]

In step 5151, the HRD parameter type setting section 143 sets the HRD
parameter type according to the user’s instruction.  The HRD parameter type setting
section 143 supplhies the flag indicating the set HRD parameter type 1o the lossless
encoding scetion 116 and the layer HRD parameter calculating section 141,

[0177]

in step 5132, the layer HRD parameter cateulating section 141 performs a
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nrocess of caleulating the HRD parameter of the corresponding fayer according o
the flag indicating the HRI> narameter type supplied from the HRD parameter type
setting section 143, The process of caleulating the HRD parameter will be
described later with reference to FIGL 17,
[G178]

I step 8133, the layer HRD parameter caleulating section 141 supplies the
HRD parsmeter of the corresponding laver calculated in step S132 to the lossless
encoding section 116 so that the HRD parameter of the correspending layer is
encoded.
[0179]

The flag indicating the MRD parameter type supplied in step 8131 and the
HRD parameter of the layer supplied in step 5133 are encoded in step S125 of FiGa
|
(01807

L

In step 8134, the time HRI) parameter type setting section 144 sais the sub
HRD parameter type according to the user’s instruction.  The time HRD parameter
type setting section 144 supplies the flag indicating the set sub FIRIY parameter type
to the lossless encoding section 116 and the tirae Jayer MRIY parameter caleulating
section 142,

(0181

In step S135, the time layer HRD parameter caleulating section 142
performs a process of caleuiating the HRD parameter of the corresponding time layer
according o the flag indicating the sub HRD parameter type supplied from the time
HRID> parameter type setfing section 144, The process of caleulating the HRD
parameter of the thne laver will be described fater with reference to FIG. 18.

[0182]

It step 3136, the time layer HRD parameter calculating section 142 supplies
the HRD parameter of the time {ayer caleulated in step S135 to the lossless encoding
section 116 g0 that the HRD parameter of the time laver is encodad.

[0183]

The flag indicating the sub HRIY parameter tyne supplied in step 3134 and
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the HRD paramecter of the time layer supplied in step 5134 are encoded in step 5125
of FIG, 15,
{0184}

In step 5137, the time layer HRID parameter caleulating section 142
determines whether or not the process has ended on ail the time layers, When the
process is determined to have ended on all the time layers in step 5137, the HRD
paranieter encoding process ends, and the process returns to step S124 of FIG. 15,
[0185]

When the process is determined not to have ended on any one of the time
layers in step N137, the process retuns to step S134, and the subsequent process is
repeated.
folas]

<Flow of HRD parameter calculation process>

Next, the process of caleulating the HRD parameter in step S132 of FIG. 16
will be described with reference to a flowchart of FIG 17,

[G187]

The HRD parameter type flag is supplied to the laver HRI parameter
caloulating section 141 through step S131 of FIG. 16, n step S141, the laver HRD
parameter calculating section 141 determines whether or not the HRD parameter type
flag supplied from the HRD parameter type seiting section 143 is 1.

101887

When the HRD parameter type flag is determined to be 1 in step 5141, the
process proceeds fo step 5142,

[0189]

In step S142, the layer HRD parameter caleniating section 141 acquires the
information indicating the state of the whole accumuliation buffer 132, In step S143,
the layer HRD parameter calculating section 141 caleulates the HRD parameter of
the corresponding laver based on the acquired information indicating the state of the
whole acommulation bulfer 152
(01907

When the HRD parameter type flag is determined not o be 1 in step 5141,
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the pracess proceeds to step S144.
[0191]

In sten Si44, the layer HRD parameter caleulating seotion 141 acquires the
information indicating the state of the whole accomudation buffer 132, In step 5145,
the layer HRD parameter caleufating section 141 acquires the information indicating
the state of the accumulation buffer (the lower layer) 117 of the base layer image
encoding section 101-1.  In step 3146, the fayer HRD parameter caleulating section
141 caleulates the HRD parameter of the corresponding layer based on the scquired
information.

[0192]

After step S143 or S146, the HRD parameter caleulation process ends, and
the process returns (o step S132 of FIG, 16.

{0193]

<Flow of time layer HRD parameter calculation process>

Next, the process of caleulating the HRI3 parameter of the time aver in step
S35 of FIG. 16 will be deseribed with reference to a flowchart of FIG 18,

10194

The sub HRD parameter type flag is supplied to the time layer HRD
parameter caleulating section 142 through step 3134 of FIG 16, In step S151, the
time layer HRD parameter caleulating section 142 determines whether or not the sub
HRD parameter type flag supplied from the time HRD parameter type setting section
14415 1
[0193]

When the sub HRD parameter type flag is determined to be 1 in step $151,
the process procecds to step 5152
(0196}

In step 8152, the time layer HRD parameter calculating section 142 acquires
the information indicating the state of the accumulation buffer of the corresponding
time laver of the partial accumulation buffer 131, In step 5133, the time layer HRD
parameter caleulating section 142 calculates the HRE parameter of the time layer

based on the acgquired nformation indicating the state of the partial accumulation
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buffer 131
[6197]

When the sub HRD parameter type flag is determined not fo be 1 in slep
SE51, the process proceeds o step 5154,

[G198]

In step 5154, the time layer HRID parameter calculating section 147 acquires
the information indicating the state of the whole accumulation buffer 132, In step
5155, the time layer HRI parameter caleulating section 142 acquires the information
mdicating the state of the accumulation butler of the corresponding thme laver of the
partlal accumulation buffer 131, In step 5136, the time layer HRD parameter
calenlating section 142 calculates the HRD parameter of the corresponding Hime
fayer based on the sequived information.

(01593

Adter step SI53 or 5156, the time layer HRD parameter calenlation process
ends, and the process retums to step 5135 of FIGL [6.

(02003

<Other thow of HR D parameter encoding process=

Next, the HRD parameter encoding process of step 5124 of FIG. 15 will be
described with reference to a flowchart of FIGL 19, FIG 16 iltustrates an example
of encoding the HRD parameter llustrated in FIGS. 8 and 9.

[0201]

In step 3161, the HRD parameter type sefling section 143 sets the HRD
parameter lype according to the user’s instiuction.  The HRI parameter type sefting
section 143 supplies the flag indicating the set HRD parameter type 1o the lossiess
encoding section 116 and the layer HRD pavameter caleulating section 141,

13202]

In step 162, the layer HRD parameter calculating section 141 performs the
process of caleulating the HRD parameter of the corresponding laver according (o
the flag indicating the HRD parameter type supphed from the HRID parameter type
setting section. 143, Since the process of caleuiating the HRD parameter is basically

the same as the process described with reference to FIG. 17, duplicate descrintion i
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omnifted,
[0203]

In step S163, the layer HRD parameter caleulating section 141 determines
whether or not the HRE parameter caloulation process has ended on both of typel
and type2.  When the HRID parameter calculation process is determined not to have
ended on either type in step S163, the process returns to step 5162, and the
subsequent process is repented.

[0204]

further, when either of typel and type? is calculated, the process proceeds
to step 5163,

16205

When the HRD parameter calcniation process s determined fo have ended
on both typel and type2 in step 3163, the process proceeds to step S164.
(0206] |

In step 51064, the layer HRID parameter calculating section 141 supplies the
HRI} parameter of the corresponding laver caleulated in step 5162 to the lossless
encoding section 116 so that the HRD parameter of the corvesponding laver i
encoded.

10207]

The flag indicating the HRD parameter type supplied in step 8161 and the
HRE parameter of the layer supplied In step 5164 are encoded in step 5125 of FIG.
15,

[0208]

In step 8165, the time HRD paramester type setfing section 144 sets the sub
HMRD parameter type according 10 the user’s instruction.  The time HRD parameter
tvpe setting section 144 supplies the flag indicating the set sub HRI parameter type
o the lossless encoding section 116 and the time laver HRDD parameter calculating
section 142.

[0209]
In siep 5166, the time layer HRD parameter calculating section 142

performs the process of caleulating the HRD parameter of the corresponding time
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layer ac-ca')rd.ing to the flag indicating the sub HRD parameter type supplied from the
time HRIDY parameter {ype setting section 144, Since the process of calculating the
HRIJ parameter of the time layer is basically the same as the process described with
reference to FIG, 18, duplicate description is omitted,

[0210)

I step 8167, the layer HRD parameter calculating section 141 determines
whether or not the HRD parameter caleulation process has ended on both of typel
and typeZ.  When the HRD parameter caleviation process i3 determined not to have
ended on either type in step 8163, the process retmns to step 5166, and the
subsequent process is repeated.

(62111

Further, when either of typel and type2 is caleulated, the process proceeds
o step 5168,

(02123

When the HRD parameter caleulation process is determined to have ended
on both typel and typel in step 8167, the process proceeds to step 8168,

[0213]

Io step S168, the time layer HRD parameter caleulating section 142 supplics
the HRD parameter of the corresponding time layer calculated in step 5166 to the
fossless encoding section 116 so that the HRD parameter of the time layer is encoded,
{6214}

The flag indicating the sub HRID parameter type supplied in step 5185 and
the HRIF paranteter of the time layer supplied in step S168 are encoded in step $1258
of F1G. 15,

[0215]

In step S16%, the time layer HRD parameter calenlating secfion 142
determines whether or not the process has ended on all the time layers,  When the
process is determined to have ended on all the thme layers in step $169, the HRD
parameter encoding process ends, and the process retums to step S124 of FIGL 15,
[0216]

When the process is determined not to have ended on any one of the fime
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tavers in step 5169, the process returns to step S5163, and the subsequent process is
repeated,
102171

As described above, the FIRD parameter type flag indicating whether the
HRD parameter 15 the parameter for performing the decoding process of only a
corresponding layer or the parameter for performing the decoding process of the
corresponcing layer and the lower laver is set at the encoding side.  Thus, it is
nossible to perform a decoding process at a proper thning,

(02183

<2, Second embodimernt>

<Scalable decoding device>

Mext, decoding of the cncoded data {bitstrean:) that has been subiected to
the scalable video coding as described above will be described.  FIG 20 is a block
diagram Hlustrating an example of a main configuration of a scalable decoding
device corresponding to the scalable encoding device 100 of FIG 10, For example,
a scalable decoding device 200 flustrated in FIG. 20 performs scalable deceding on
the encoded data obtained by performing the scalable encoding on the Image data
through the scalable encoding device 100 according to a method corresponding to the
encoding method.

(0219}

The scalable decoding device 200 is configured o include a base layer
image decoding section 201-1, an enhancement layer image decoding section 201-2,
and a decoding control section 2072,

[0220]

The base fayer image decoding section 201-1 is an image decoding section
corresponding to the base layer image encoding section 101-1 of FIG 10, and
acquires, for example, the base layer encoded data obtained by encoding the base
laver image information through the base layer image encoding section 101-1, The
base layer image decoding section 201-1 decodes the base laver encoded data
without referring to other layers, reconstructs the base laver image information, and

outputs the base laver image information.
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[3221}

The enhancement layer image decoding section 201-2 is an image decoding
section corresponding fo the enhancement laver image encoding section 101-2, and
acquires, Tor example, the enhancement layer encoded data obtained by encoding the
enhancement layer image information through the enhancement layer image
encoding section 101-2, The enhancement layer image decoding section 201-2
decodes the enhancement layer encoded data. At this time, the enhancement layer
image decoding section 201-2 performs the inter-layer prediction with reference to

information related to decoding of the base layer as necessary.

Further, the flag indicating the HRD parameter type and the HRD parameter
are added to each piece of encoded data (bitstream) and tansmitted.  The
enhancement layer image decoding section 201-2 receives the flag indicating the
HRI> parameter type, acquires the state nformation of the accumulation huffer
according to the received flag indicating the HRD parameter type, and monitors the
aceumulation buffer.

{0223]

When the flag indicating the HRD parameter type is |, the enhancement
layer image decoding section 201-2 recognizes the HRD parameter as a parameter
used io decode only a corresponding layer, acquires the state information of its own
accumulation buffer, and monitors the accumulation buffer.  When the flag
indicating, the HRD parameter type is 0, the enhancement layer image decoding
section 201-2 recognizes the HRD parameter as a parameter used fto perform a
decoding process of a corresponding laver and a lower layer, acquires the state
mformation of the accumulation buffer of the base layer image decoding section 201-
[, and monitors the accumudation buffer,  This process is performed on a laver and a
sublayer (time layer).  In the base layer image decoding section 201-1, this process
i parfoimed on only a sublayer.,

(02241
Through the decoding, the enhancement layer image decoding section 201-2

decodes the encoded data of the enhancement layer, reconstruscts the enhancement
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ayer image information, and outputs the enhancement layer image information.
[0225]

The base layer image decoding section 201-1 and the enhancement Jayer
image decoding section 201-2 arc appropriately referred to collectively as a “laver
image decoding section 201.7
[0226]

The decoding confrol section 202 controls the decoding process of the laver

image decoding sections 201, for example, in view of the reference relation of the
laver image decoding sections 201,
(5227}

in the example of FIG 20, one enhancement layer image decoding section
201-2 s ilustrated, but when there is an upper layer, enhancement layer image
decoding sections 201-3, 4, .. that encode the upper layer are provided for each of
the upner lavers.

H228]
<txrample of configuration of layer image decoding section>

FIG 21 15 a block diagram fllustrating an example of a main configuration
of the enhancerent layer image decoding section 201-2 of FIG. 20, The base layer
image decoding section 201-1 of FIG. 20 has basically the same configuration as the
enhancement layer image decoding section 201-2 of FIG. 21 except that a type of an
image serving as a target is different.  For the sake of description, in the example of
FIGL 21, & configuration of the enhancement layer image decoding section 207-2 will
be described as an example.

[92291

As Hlusirated in FIG. 21, the enhancement layer image decoding section
201-2 includes an accumulation buffer 211, a lossless decoding section 212, an
inverse guantization section 213, an inverse orthogonal mransform scetion 214, an

peration section 215, a loop flter 214, a screen reordering buffer 217, and a /A
converting section 218, The enhancemnent Iay«:’zr image decoding section 201-2
further includes a frame memory 219, a selecting section 220, an intra prediction

ton 221, a motion prediction/compensation section 222, and a selecting section
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223, The enhancement laver image decoding section 201-2 further includes an
HRD type decoding section 224,
[0230]

The accumulation buffer 211 is a recerving section that receives the
transroitied enhancement laver encoded data.  The accuniulation buffer 211 receives
and accumulates the transmitted enhancement layer encoded data, and supplies the
encoded data to the lossless decoding section 212 at a certain Himing,  Infoomation
necessary for decoding of the prediction mode information or the ke is added to the
enhancement layer encoded data,  The flag indicaling the HRID parameter type and
the FIRID parameter are added to the enhancement layer epcoded data as well.

(02317

When there is a request from the HRID type decoding section 224, the
accumulation buffer 211 supplies information indicating a state of the accumulation
buffer 211, Further, for example, when there is an enhancement layer image
decoding section 201-3 of an upper layer as indicated by a dotied line, and there js a
reguest from its HRD type decoding section 224, the accumulation buffer 211
supphes the information indicating the state of the accumulation buffer 211,

[u232]

N
]

The lossiess decoding section 212 decodes the information that has been
encoded by the lossless encoding section 116 and s,upprzm from the aceumulation
buffer 211 acecording to a scheme corresponding to the encoding scheme of the
lossiess encoding section 116, The lossless decoding section 212 supphies
guantized coefficient data of a differential image obtained by the decoding to the
myerse auantizetion section 213,

[0233)

Further, the lossless decoding section 212 appropriately exiracts and
acquires the NAL unit including the video parameter set {(VPS), the sequence
parameter set (BP8), the pieture parameter set (PP, and the like which are included
in the enhancement layer encoded data.  The lossless decoding section 212 extracts
the information related to the optimal prediction mode from the information,

determines which of the intra prediction mode and the inter prediction mode has been
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selected as the optimal prediction mode based on the information, and supplies the
information related to the optimal prediction mode to one of the intra prediction
section 221 and the motion prediction/compensation section 222 that corresponds 1o
the mede determined to have been selected.

[0234]

In other words, for example, in the enhancement layer fmage decoding
section 201-2, when the inmra prediction mode is selected as the optimal prediction
mode, the infornmation relaled to the optimai prediction moede i3 suppled to the intra
prediction section 221, Further, for example, in the enbancement layer image
decodmg section 201-2, when the inter prediction mode s sefected as the optimal
prediction mode, the information related to the optimal prediction mode 13 supplied
to the motion prediction/compensation section 222,

[0235]

Further, the lossless decoding section 212 extracts information necessary for
inverse quantization such as the quantization matrix or the gquantization parameter
from the NAL unit, and supplies the extracted information to the inverse quantization
section 213, Further, the lossless decoding section 212 extracts the {lag indicating
the HRID parameter type and the HRD parameter, for example, from the VPS, and
supplies the exiracted flag mdicating the HRD parameter tyvpe and the HED
parameter to the HRD type decoding section 224,

102361

The inverse quantization section 213 inversely quantizes the guantized
coefficient data obtained through the decoding performed by the lossless decoding
section 212 according to a scheme corresponding to the quantization scheme of the
quaniization section 115,  The inverse guantization section 213 is the same
processing section as the mverse quantization section 118 In other words, the
description of the inverse quantization section 213 can be applied o the inverse
quantization section 118 as well,  Here, it is necessary to appropriately change and
read a data input/output destination or the like according to a device.  The inverse
quantization section 213 supplies the oblained coefficient data to the inverse

orthogonal transform seclion 214,
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[0237]

The inverse orthogonal transform section 214 performs the inverse
orthogonal transform on the coetficient data supplied from the inverse quantization
section 213 according to a scheme corresponding to the orthogonal transform scheme
of the orthogonal transform section 114, The inverse orthogonal transform section
214 is the same processing section as the inverse orthogonal fransform section ] EQ‘
In other words, the description of the inverse orthogonal transform section 214 can
be apphied to the inverse orthogonal tansform section 119 ag well.  Here, it is
necessary (o appropriately change and read a data input/output destination or the like
according to a device
[06238}

The inverse orthogonal franstorm section 214 obtains decoded residual data
corresponding to residual data that is not subjected to the orthogonal transform n the
orthogonal transform section 114 through the Inverse orthogonal fransform process.
The decoded residual data obtained through the inverse orthogonal fransform is
supplied to the operation section 215, Further, the predictive image is supplied
from the intra prediction section 221 or the motion prediction/compensation section
222 to the operation section 215 via the selecting section 223,

{02391

The operation section 215 adds the decoded regidual data and the predictive
image, and obtains decoded tmage data corresponding to the image data from which
the predictive image is not subtracted by the operation section 113, The operalion
section 215 supplics the decoded image data to the loop filter 216.

[0240]

The loop tiller 216 appropriately performs the filter process such as the

deblock filter, the adaptive offset filter, or the adaptive loop filter on the suoplied
decoded image, and supplies the resultant image to the screen reordering bufter 217

{ the frame memory 219, For example, the loop filter 216 removes the block
distortion of the decoded image by performing the deblock filter process on the
decoded image.  Further, for example, the loop filter 216 improves the image

gquality by performing the loep filter process on the deblock filter process result (the
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decoded image from which the block distortion has been removed} using the Wiener

filter.  The loop filter 216 is the same processing section as the leop filter 121,

Further, the decoded image output from the operation section 215 can be
supplied 1o the sereen reordering bulfer 217 or the frame memory 219 without
intervention of the loop fiiter 216, In other words, part or all of the filter process
perfoemed by the loop filter 216 can be emitted,

0247)

e

The screen reordering buffer 217 reorders the decoded image.  In other
words, the order of the frames reordered in the encoding order by the screen
reordering buffer 112 is reordered in the original display order.  The 12/A converting
section 218 performs D/A conversion on the image supplied from the screen
reordering bufter 217, and ouiputs the converted image to be displayed on a display
{not Hlustraied),

[0243]

The frame memory 219 stores the supplied decoded image, and supplies the
stored decoded image to the selecting section 220 as the reference image at a certain
timing or based on an external request, for exampie, from the intra prediction section
221, the motion prediction/eompensation section 222, or the like.

(02447

The frame memory 219 sets the stored decoded image as information related
to decoding of the enhancement layer, and supphies the information to the
enhancement laver image decoding section 201-2 of an upper layer,

[5245]

The selecting section 220 selects the suppiy destination of the reference
tmage supphed from the frame memory 219, When an image encoded by the intra
coding Is decoded, the selecting section 220 supplies the reference image supplied
from the frame memory 219 o the intra prediction section 2210 Further, when an
nnage encoded by the inter coding 1s decoded, the selecting section 220 supplies the
reference  image supplied from  the frame memory 219 (o the motion

prediction/conmpensation seclion 222,
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[0246]

For example, the information indicating the inira prediction mode oblained
by decoding the header information is appropriately supplied from the lossless
decoding section 212 to the intra prediction section 221, The intra prediction
seetion 221 generates the predictive image by performing the intra prediction using
the reference image acquired from the frame memory 219 In the intra prediction
mode used in the ntra prediction section 124, The intra prediciion seciion 221
supplies the generated predictive image to the selecting section 223,

[0247]

The motion prediction/compensation section 222 acquires information
(optimal prediction mode intformation, refercnce image information, and the like)
obtained by decoding the header Information from the lossless decoding section 212,
102487

The motion prediction/compensation section 222 generates the predictive
image by performing the inter prediction using the reference image acguired from the
frame memory 219 In the inter prediction mode indicated by the optimal prediction
mode information acquired from the lossiess decoding section 212, Although not
Hustrated, in the motion prediction/compensation section 222, the reference image
supplied from the frame memory 219 of the base layer mage decoding section 2031
is also referred 10 as necessary.

[02:49]

The selecting section 223 supplies the predictive Image supplied from the
intra prediction section 221 or the predictive image supplied from the motion
prediction/compensation section 222 to the operation section 215, Thew, the
eperation section 215 adds the predictive image generated using the motion vecior to
the decoded residual data (the differential mage information) supplied From the
inverse orthogonal fransform section 214 to decede the original image,

[0250]

The HRD tvpe decoding section 224 acquires the information indicaiing the

acournulation state fFrom the accumuiation buffer 211 or the accumulation bufler (the

lower fayer) 211 of the base laver image decoding section 201-1 according to the flag
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indicating the HRD parameter type supplied from the fossiess decoding section 212.
The HRD type decoding section 224 monitors the accumuiation buffer 217 based on
the acquired information according to the HRD parameter corresponding to the {lag
indicating the HRD parameter type.

[02511

<Example of configuration of accumulation buffer and HRD type decoding
section>

FICL 22 is g block diagram itlustrating an example of a configuration of the
accurmnulation buffer and the HRD type decoding section of FIGL 21,

[0252]

in an example of FIG 272, the accumulation buffer 211 is configuered to
include a partial accumulation bufler 221 and a whole accumulation buffer 232,
{02531

The HRI type decoding section 224 is configwed to include a layver HRD
parameter monitoring section 241, a time layer HRID parameter monitoring section
242, a HRD parameter type decoding section 243, and a time HRD parameter type
decoding section 244,

[0234]

The partial accumulation buffer 231 s configured with accumulation buffers
that accumulate encoded data related (o each upper tune layer among the enceded
data (codes) accumulated in the whole accumulation buffer 232, The information
indicating the siate of each accumuletion buffer is supplied to the time laver HRD
parameter monitoring section 242 on request.

[0255]

The whole accumulation buffer 232 accumulates the encoded data (codes)
encoded by the enhancement layer image encoding section 101-2.  The information
indicating the state of the whole accumuliation buifer of the whole accumulation
butfer 232 is supplied to the layer HRD parameter monitoring section 2471 and the
time layer HRD parameter monitoring section 242 on request.  Further, there are
cases in which there is an enhancement layer image decoding section 201-3 of an

upper {ayer as indicated by a dotted line.  In this case, when there is a request from
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the HRD type decoding section (upper layer) 224 of the enhancement layer image
decoding section 201-3, the information indicating the state of the whole
accumuiation butfer of the whole accumulation buffer 232 is also supplied to the
HRD type decoding section (upper layer) 224

[0256]

The tayer HRD parmmeter mopitoving section 241 receives the HRD
parameter supplied from the lossless decoding section 212, and acquires the HRD
parameter corresponding to the flag indicating the HRD parameter type supplied
from the HRD paramster type decoding section 243, The layer HRD parameter
monitoring section 241 monitors the accumulation butfer 211 based on the acquired
HRD pararnetes.

102571

in other words, the layer HRD parameter monitoring section 2471 acquires
wmformation indicating the state of the whole accumulation buffer 232 and
information indicating the state of the accumulation buffer (the lower layer) 211 of
the base layer image decoding section 201-1 according to the flag indicating the
HRI) parameter type supplied from the HRD parameter type decoding section 243
[0258]

In the case of the HRID parameter type in which the flag indicates 1, the
information Indicating the state of the whoele accomulation buffer 232 Is acguired.
In the case of the HRD parameter type in which the flag indicates §, the information
indicating the state of the whole accumulation buffer 232 and the information
indicating the state of the accumulation buffer (the lower layer) 211 of the base layer
image decoding section 201-1 are acquired,  Practically, information is acquired
from the whole accumulation buffer 232 of the accumulation buffer of the base tayer
image decoding section 2011,

02597

The time layer HRD parameter monitoring section 2472 receives the time
layer HRD parameter supplied from the [ossless deceding section 212, and acquires
the time laver HRD parameter corrcspondmg to the flag indicating the sub HRD

harameter type supplied from the e MRD parameter type decoding section 244,
yp 4
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The layer HRE parameter monitoring section 241 monitars the accumulation buffer
211 based on the acquired time layer HRIY parameter,
[0268]

in other words, the fime layer HRD parameter monitoring section 242
acquires the information indicating the state of the whole aceumulation buffer 232
and information indicating the state of the accumulation buffer of the corresponding
time layer of the partial accumulation buffer 231 according o the flag indicating the
sub HRD parameter type supplied from the time HRID parameter type decoding
section 244,

H0261]

When the flag indicating the sub HRD parameter type is 1, the information
indicating the state of the accumulation buffer of the corresponding time layer of the
partial accumulation butfer 231 15 acquired.  When the flag indicating the sub HRD
parameter type is 0, the information indicating the state of the whole accumulation
buffer 232 and the information indicating the state of the acowmulation buffer of the
corresponding time layer of the partial accumulation buffer 231 are acquired.

[0262]

The HRD parameter type decoding section 243 receives the HRD parameter
type fag supplied from the lossless decoding section 2120 Then, the HRD
parameter type decoding section 243 seleots 2 flag indicating an MRD parameter type
corresponding fo a layer configuration of an actual stream or a conliguration or a
function of a device among the received flags, and supplies the selected flag to the

layer FIRD parameter monitoring section 241.

The time HRI parameter type decoding section 244 receives the sub HELD
parameter type tlag supplied from the lossless decoding section 212, Then, the time
HRD parameter type decoding section 244 seiects a flag indicating a sub HRD
parameter type corresponding 0 a laver configwation of an actual stream or a
configuration or a function of a device among the received flags, and supplies the

selected flag o the laver HRID parameter moniioring section 241,

[0264]
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In the case of the HRD parameter described above with reference to FIGS. §
and 9, two types (a type of only a corresponding layer and a type of a corresponding
layer and a lower layer) are deseribed, and thus any one type can be selected by a
conflguration or a function of an actual stream or device,  On the other hand, in the
case of the HRE) parameier described shove with reference to FIG 7, only one type is
described, and thus the HRD parameter is ignored when a type of a configuration or
a function of an actual stream or device s different from a described type.

[0265]

<Hiow of decoding processs

Next, the tlow of the process performed by the scalable decoding device 200
will be described.  First, an example of the flow of the decoding process will be
deseribed with reference 1o a flowehart of FIG. 23,

(0266}

When the decoding process starts, in step 5201, the decoding control section
202 of the scalable decoding device 200 decides a layer of a processing target, for
exampie, in view of the reference relation of an Image.

102673

In step 5202, the base layer image decoding section 201-1 performs a layer
decading process under control of the decoding control section 202, The laver
decoding process will be described later with reference to FIG 24, When the
process of step 5202 ends, the process proceeds to step 5203,

10208]

i step 5203, the decoding control section 202 determines whether or not all
the main layers have been processed.  When it is determined that thers is 2 non-
procoessed main laver, the process proceeds to step 8204
[9269]

In step 5204, the decoding control section 207 sefs & next non-processed
main layer as a processing target (current main layer).  When the process of step
3204 ends, the process returns fo step 82020 In step 85202, the enhancement layer
image decoding section 201-2 performs the layer decoding process under control of

the decoding control section 202, The provess of steps S202 to S204 is repeatedly
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performed to encode the main layers as described above.  The process of step 5202
may be processed in parallel by a plurality of layer image decoding sections 201
having no reference refation.
[0270]

‘then, when all the main layers are determined to have been processed in
step S203, the decoding process ends,
[0271]

<Flow of fayer decoding procesg>

Next, an example of the flow of the laver decoding process performed in
step 5202 of FIG. 23 will be described with reference to a flowchart of FIG. 24, An
example of FIG 24 will be described in connection with an example of the
enhancement faver image decoding section 201-2.
(32723

When the layer decoding process starts, in step 8211, the accumnlation
buffer 211 of the enhancement layer image decoding section 201-2 accumulates the
bitstreamns of the enhancement layer transmitted from the encoding side.

[0273]

£

In step 5212, the lossless decoding section 212 decodes the bitstream {the
encoded differential image information) of the enhancement layer supplied from the
accumulation bufler 211, In other words, the 1 picture, the P picture, and the B
picture encoded by the lossless encoding section 116 are decoded. At this time,
various kinds of information other than the differential image information included in
the bitstream, such as the header information, are also decoded.  The flag indicating
the HRD parameter type supplied from the lossless decoding section 212 and the
FIRD parameter are supplied to the HRD type decoding section 224,

[0274]

in step 5213, the HRD type decoding section 224 performs an HRD
parameter decoding process.  The HRD parameter decoding process will be
deseribed tater with reference to FIG. 26,

[0273]

The HRD parameter is decoded in step S213, and the accumulation buffer
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211 is monitored based on the decoded HRIY parameter so that no overflow or
underflow oceurs,
102761

In step $214, the mverse guantization section 213 inversely gquantizes the
quantized coctficients obtained in the process of step 5212,
[0277]

In step $215, the inverse orthogonal fransform section 214 performs the
inverse orthogonal transform on a current block {a current TU).
(02781

in step 5216, the intra prediction  section 221 or the motion
prediction/compensation section 222 performs the prediction process, and generates
the predictive image. In other words, the prediction process is performed in the
prediction mode that is determined 1o have been appiied at the time of encoding in
the jossless decoding section 212, More specifically, for example, when the intra

prediction 15 applied at the tdme of encoding

g, the intra prediction section 221
generafes the prediciive image n the intra prediction mode recognized o be optimal
at the time of encoding.  Further, {or example, when the inter prediction 1s applied
at the time of encoding, the motion prediction/compensation section 227 generates
the predictive image in the inter prediction mode recognized to be optimat at the time
of encodmg,

[0279]

i ostep 5217, the operation section 213 adds the predictive image genamtrid.
in step 5216 to the differential image information generated by the inverse
orthogonal transform process of step 5215, As a result, the original image is
decoded.

[0280]
!

o]
ey
)

in step 5218, the loop [ilter 216 appropriately performs the loop i
process on the decoded image chiained in step 8217,
(02811

In step 5219, the sereen reordering buffer 217 reorders the image that has

been subjected to the filter process in step 8218, In other words, the order of the
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frames reordered for encoding through the screen reordering buffer 112 is reordered
it the original display order.
102821

in step S220, the /A converting section 218 serforms /A conversion en
the image in which the order of the frames is reordered in step S219.  The image is

autput to & display (not illustrated), and the image is displayed.

[0283)
In step 5221, the frame memory 219 stores the image that has been
subjected to the foop filter process in step 5218,
[0284]

When the process of step 5221 ends, the base layer decoding process ends,
and the process returns to FI1G 23,
[0285]

<Flow of HRD parameter decoding process>

Next, an example of the flow of the HRD parameter decoding process
performed in step S213 of FIG 24 will be described with reference to a flowchart of
FiG.
[0286]

PJ

3.

[he HRID parameter type decoding section 243 receives the flag indicating
the HIRD parameter type of the corresponding laver in step 8231, Then, the HRD
paraneter type decoding section 243 supplies, for example, a flag indicating an HRD
parameter type corresponding to a layer configuration of an actual stream among the

ceived flags to the layer HRD parameter monitoring section 241,
102871

in step $232, the laver HRD parameter monitoring section 241 receives the
HRID parameter supplied from the lossless decoding section 212, and acquires the
HRE parameter corresponding to the flag indicating the HRD parameter type
supphed from the HRD parameter type decoding section 243,

[0288]
In step 5233, the time HRD parameter type decoding section 244 receives

the flag indicating the HRID param type supplied from the lossless decoding



16

20

30

<

SPA5I652W000
62

section 212, Then, the time HRD parameter type decoding section 244 supplies, for
example, a flag indicating a sub HRD parameter type corresponding $0 a layer
configuration of an actval stream among the received flags to the layer HRD
parameter monitoring seclion 241,

[0289]

in step 5234, the time layer HRD parameter monitoring section 242 recejves
the time layer HRD parameter supplied from the lossless decoding section 212, and
acquires the time layer HRIDY parameter corresponding to the sub HRD parameter
type flag supplied from the time HRI parameter type decoding section 244,

[0284]

In step 8235, the time layer HRIY paramieter monitoring section 242
determines whether or not the process has ended on all the time layers.  When the
process is determined not to have ended on any one of the time lavers in step 87235,
the process returns to step 5233, and the subsequent process is repeated.

[0291]

When the process is determined to have ended on all the time lavers in step
5235, the process proceeds to step S236. In step S236, the layer HRD parameter
monitoring section 241 and the time layer HRD parameter monitoring section 242
perform an accurnuiation buffer monitoring process which will be described below.
10292 |

<Flow of accumulation buffer monitoring process>

Next, the accumulation builfer monitoring process will be deseribed with
veference fo a flowchart of FIG 26, The accumulation huffer monitoring process is
an example using the HRD parameter type flag according to the present technolog
and the present technology is not hmited to this example. For the sake of
description, a timing at which this process 1s performed is described as being within
the HRE parameter decoding process, but the present technology is not Himited to
this exampte, and this process may be performed, for example, at anv timing within
the layer decoding process of FIG, 24,

102931

ir step 8251, the layer HRID parameter moniloring section 241 determines
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whether or not the flag indicating the HRI> parameter type of the corresponding layer
is 1. When the flag indicating the HRD parameter type of the corresponding laver
is determined to be 1 in step S251, the process proceeds to step 8252,

(02943

In step 5252, the layer HRD parameter monitoring section 241 acquires the
information indicating the state of the whole accumulation buffer 232, and in step
3253, the layer MRD parameter monitoring section 241 monitors the whole
accumulation buffer 232 of the corresponding layver according to the MIRD parameter
of the corresponding layer using the acquired information.

162957

When the flag indicating the HRD parameter type of the corresponding
fayer is determined to be 0 In step S251, the provess proceeds 16 step $254,
[0296]

In step 5254, the layer HRIY parameter monttoring section 241 acquires the
information indicating the state of the whole accurnulation buffer 232, and in step
5255, the layer HRD parameter montioring section 241 acquires the mformation
mdicating the state of the whole accumulation butfer 232 of the lower layer.

[0257]

Then, i step 5256, the layer HRDY parameter monitoring section 241
monitors the whole accumulation buffer 232 of the corresponding layver using the
mformation acquired in steps 8254 and 5255 according to the HRD parameter of the
corresponding layer.

[0298]

Inostep 5257, the tme layer HRD parameter monitoring section 242
determines whether or not the flag indicating the HRD parameter tvpe of the
corresponding time layer is 1. When the flag indicating the HRID parameter type of
the corresponding time layer is determined to be 1 in step 5257, the process proceeds
o step 5258,

(G299
In step 5258, the time layer HRD parameter monitoring section 242

acquires information ndicating the state of the accumuplation buffer of each
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corresponding time laver of the partial acoumulation buflfer 231,
[03060]

In step 5239, the time layer HRD parameter monitoring section 242
monitors (cach buffer of) the partial accumulation buffer 231 using the information
acquired in step 8258 according to the HRD parameter of each time layer.

(0301

When the flag indicating the HRID parameter type of the corresponding time
layer Is determined to be 0 in step 85257, the process proceeds to siep S260,
[¢302]

In step 5260, the time layer HRD parameter moniforing section 242
acquires the information indicating the state of the whole accumulation buffer 232.
(0303}

In step S261, the time layer HRD parameter monitoring section 242
acquires the information indicating the state of the accumulation buffer of each
corresponding time layer of the partial accumulation buffer 231,

[0304]

in step 5259, the time layer HRD parameter monitoring section 242
maoriters (each bufler of) the partial accumulation buffer 231 using the information
acguired in steps 5264 and S261 according to the HRD parameter of each time laver
[03051

As deseribed above, at least one flag is set to indicate whether the HRD
pararneter is the parameter for performing decoding of only 2 corresponding layver or
the parameter for performing the decoding process of a corresponding layer and a
lower layer, and thus it Is possible to perform a decoding process at a proper timing.
10306]

This flag may be transmitted 1o the decoding side as supplemental
ennancement information (SED.

[G3071

Here, it is difficult to detect whether the decoding process is performed by a

single decoding device or a plurality of decoding devices as described above with

reference to FIG 6. In this regard, the example of setting the information indicating
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whether the HRID pararaeter is the parameter for performing the decoding process of
only a corresponding laver or the parameter for performing the decoding process of'a
corresponding laver and a kywer layer has been desceribed above.

[(308]

However, the current HEVC supports only the HRD parameter of the
example (that is, the example in which the decoding process of the multinle layers is
performed by a single decoding device) af ex11 illustrated in FIG 6, Tn other words,
in the current HEVC, the HRID parameter of the example of ex11 is set to the video
parameter set (VPS) and transmitted to the decoding side.

103097

In this regard, in the present technology, a technique of frangmitiing an HRD
parameter of the example {that is, the example in which the decoding process of the
multiple fayers is performed by a plurahity of decoding devices) oF ex12 (Hustrated in
F1G. 6 to the decoding side through vps extension in the scalable HEVC is proposed
as a third embodiment,

1031403

<3, Third embodiment>

<Hxample of syntax of vps_ extension>

FiG 27 is a diagram illustrating an example of syntax of vps  extension.
In an example of FIG. 27, 1 indicates the number of layer sets, and | indicates the
munber of laver 1ds.  Further, starting from =1 indicates that there is only a base
laver when =0, and in this case, the processing methods of ex 1! and e12 are not
different but all the same.

[0511]
I an example of FIG. 27, layer_set_hrd layer info present flag[ilii] is set

for cach faver id included flagli}fil When

Rt

c:{}rresponding to the cxampic of ex 12 15 present {in vps_exiension). and in this case,
the HRD parameter corresponding to the example of ex1Z is defined in next and
subsequent rows.

[0312]
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set in sps {Sequence parameter set) extension as illustrated in FIG. 28.
03133

<bExample of syntax of sps_ extension>

FIG 28 is a diagram illustrating an example of syntax of sps_extension.
[0314]

in an example of FIG. 28, layer set_hrd layer info present flag is set.
When this flag is 1, it indicates that the HRIY parameter corresponding io the
example of ex12 is present (in sps_ extension), and in this case, the HRID parameter
corresponding to the example of ex12 is defined in the next row.
[0315]

in the example of FIGS. 27 and 28, the HRD parameter is set for each

laver set. laver set s set in the VPS as illustrated in F1G. 29,

<Example of syntax of VPS>

FI1G. 29 is a diagram illustrating an example of syntax of & VPS. Numbers
on the left of each row are row numbers added for description.
(03171

Im a 16th row of FIG 29, the number of layer sets is set as

vps num_fayer sets minusi.

[0318]
In 17ih to 19th rows, it is described whether or not a faver of id[j1 is
included in laver set of [} as layer_1d_included flaghil{il

fayer id included fagli][i] will be described in detail in semantics ilustrated in FIG.
30,
[0319)

In & 27th row. the number of hrd parameters is set n a vps as
vos_num _brd parameters. Inoa Z9%h yow, hrd_parameters is associated with
layer set as hrd Jayer_set idx{il. In a 32Znd row, the HRD parameter of the
example of ex11 is described as described above.

10320]
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In a 35th row, vps_extension flag indicating the presence or absence of

vps_exiension is desoribed.

(03213

<HExample of semantics of layer id_included flag[iliib>

FIG. 36 ilustrates an example of semantics of layer 1d included flagfilfil.
(03221

layer id_included flagl 1 ][ j ] equal to | specifies that the value of
nuh_layer_id equal fo ] is included in the layer identifier Hst layerSetLayerldList]i ].
layer id_included flagl # [ 1 | equal to 0 specifies that the value of nub_fayer id

equal t0 ] 1s not included in the tayer identifier list laverSetlaverdl st i 1.

The value of numbayersinldbist] 0 ] is set equal to 1 and the value of

iaverSetbaverldList] 0 1] 0 ] is set equal to 0,

For each wvalie of 1 in the range of [ to vps num layer sets minusl,
mmciusive, the variable numLayersinldList) 1 1 and the layer identifier list
layersetlaveridlisy i § are derived as follows:

n o= ()

for (m=0rm <= vps max layer id; m++)

if {fayer id included flagli]im 1)
layerSetiaverldlist i H ntt j=m

mimlayersinidList] i 1= n

inclusive, numbaversinidiist! shall  bhe in the range of 1 1o
? S ] =

When numLayersinidList] 1A ] is equal to numLayersinidList] 1B ] for any
IA and 1B In the range of 8 to vps_num laver sets minusi, nclusive, with 1A not
equal to 1B, the value of laverSetbayeridiist[ 1A ] n | shall not be equal to
layerSetlayerldList] 1B ][ n | for at least one value of n in the range of 0 to
numbayersinldlist iA §, inclusive.

A layer set is identified by the associated layver identifier list. The i-th layer
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set specifisd by the VPSS 18 assoclated  with the layer dentifier st
tayerSetLayeridList] 1 ], for in the range of O to vps_num layer sets minusi,
inclusive,

A layver set consists of all operation points that are associated with the same
faver identifier list.

Fach operation pomt (s identified by the associated layer identifier list,
denoted as OplayerldList, which consists of the list of nub i'}yermid values of all
and a variable GpTid, which is equal to the highest ”I‘empm*al’[d of all NAL units
included in the operation point.  The bitstream subset associated with the operation
point identified by OpLaveridlist and OpTid is the oufput of the sub-bitstream
extraction process as specified in clause 10 with the bitstream, the farget highest
Temporalld cqual to OpTid, and the target laver identifier list equal to OpLayerldList
as inputs.  The OplLayerfdlist and OpTid that identify an operation point arc also
referred to as the OplayerldList and OpTid associated with the operation point,
respectively.

[0323]

Parteularly, as swrounded by a frame in FIG 30, 1t is described that
fayer set consists of all operation points that are associated with the same laver
identifier list, and some bitstreams that can be extracted amoeng bitstreams are
associated with operation points identified by OplayerldList.

[03247

Specifically, layer set is set, for example, as ilustrated in FIG 31,

For example, when layers 0, 1, and 2 are included in LayerSet[1), and the
layers G and 2 are included in LayerSet{Z], layer id included flag is set as follows.
[0326]

layer id included flagl1][G]=1 is set, which indicates that the layer 0 is

included in LayerS8erfl].  Further, layer id_included faglTH1i=1 is set, which

indicates  that  the  layer | 15 included  in FayerSet{1],  and

laver id included flag{1}{2]=1 is set, which indicates that the layer 2 is included in
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LayerSet[1].
103271

layer_id included flagi?][0}=1 is set, which indicates that the layer 0 is
nchuded in LayerSet[2].  Further, layer id included flag{23{11=0 is set, which
mndicates  that  the  layer 1 iz not  included in LayerSet[2], and
layer id_included flagf21{21=1 {5 set, which indicates that the fayer 2 is included in
LaverSet[2].
(03281

As described above, the flag indicating that there is the HRD parameter
corresponding to the example of exll of FIG & and the HRD parameter
corresponding to the example of ex1l are transmitted to the decoding side through
the vps. On the other hand, the flag indicating that there is the HRD parameter
corresponding to the example of exl2 of FIG 6 and the MRD parameter
corresponding fo the example of ex]2 are transmitted to the decoding side through
vps_extension.  Thus, the decoding side can perform a decoding process at a proper
thming.
103297

Further, the flag indicating that there is the HRD parameter corresponding to
the exampie of ex 12 may also be transmitted to the decoding side as an SET message.
[0330]

<4, Fourth embodiment™>

<Another exampie of bulfer schedule management method>

Meanwhile, in order to prevent overflow or underflow of a buffer, it is
pecessary 0 apply any one of the following methods to a buffer schedule
managenent,
10331

A first method is a method using the parameter transmided in the HRD
parameter syntax in the hrst 1o third embodiments,
[0332]

A second method is a method using  buffering period SEl  and

picture thming SEL
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103331

A third method is a method using a parameter transmitted in a layer higher
than a video layer such as a time stamp (for example, a PTS or a DTS) in a system
layer.

{03341
second method will be described below.
[0335]

<Syntax of buffering period SEI>

FIG. 32 45 & diagram  dlustiafing  an example of syntax  of
buffering_period SEL. Mumbers on the lefl of each row are row numbers added for
deseription.

[0336]

In & 2nd row of FIG. 32, a parameter of buffering period is set as
bp_seq parameter set id, and ¢an be associated with an SPS.
103371

In subsequent rows, & schedule management parameter of an accumulation
buffer by accumulation from a lower layer is set.
0338]

Meanwhile, a technique of defining a parameter for the case of ex12 for
performing a decoding process of decoding respective layers inciuding a layer to be
referred to through separate decoding devices in addition to the case of ex11 of
performing a decoding process by a single decoding device as a parameter for bufler
management by hdr parameters() in hmage compression information or sub image
compression information as described above with reference to FIG. 6 has been
proposed.

[0339]

hdr parameters(y according to the [first method can be fransmitied in
association with a VPS or an SPS, and in the case of the former, hdr_parameters()
can be transmitted for a Jayer set associated with a VPS as well as a single layer.

10340]
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However, buffering_period SEI iflustrated in FIG. 32 can be associated with
onty an 8PS, Thus, it is difficult {o transmit a parameter associated with a plurality
of layer sefs as in hdr_parameters() in a V25,

[0341]

In this regard, in the present technology, a schedule management of an
accumulation buffer by buffering_period SEI is performed by syntax ilustrated
FIGS, 33 10 335,

[06342]

buffering period SHI according fo the present technology differs from

buffering period SEI itlustrated in FIG 32 in the following points.
[0343]
in other words, a first difference lies in that buffering period SE! according

to the present technology can be associated with 2 VPS5 as well as an SP5. A

second difterence Hes in that a parameter can be set fov each laver set defined i a
VIS when associated with a VPS. A third difference lies in that 1t is possible to set
& parameter when ali lavers included in a layer set are decoded by a single decoding
device and a parameter when respective layers are deceded by separate decading
devices as itlustvated in FIGL 6.
0344]

FIGS. 33 to 35 are diagrams tlustrating an example of syntax of
buffering period SEI. Numbers on the left of each row are row numbers added for

description.

In an example of FIG. 33, associated parameter_set {lag is set in a 2nd row.

associated parameter set flag is a flag designating which of a VPS and an SPS is

associated with buffering period SEIL When associated parameter set flag is O, it
indicates an association with a VPS5, and when associated parameter sel lag is 1, it
mdicates an agsociation with an SPs.
(3346}

A parameter when associaled parameter_set flag is § (VPS) is described in

3rd to 11th rows.  bp video parameter set 1d in oa 4th row indicates a
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corresponding VPS, and vps_pum_ bp parameters m a 5th row indicates the number

of transmitted bp_parameters.
f0347]

bp_layer set idx in a 7th row indicates a layer set corresponding to each
bp parameter, and syniex of layer buffering period of FIGS. 34 and 35 is read with
fayer buffering period in a 10th row,
[0348]

A parameter when associated parameter sef flag is 1 {5P8) is described as
indicated by else¢ in 12th o 15th rows.,
(43493
syniax,  of _lal}/arjm'ffés"ingﬁperiod of FiIGS5. 34 and 35 s read with

layer buffering period in a 14th row.

10350]
In other words, according to the syntax of FIG 33, in the case of the VPS,
the syntax of FIG. 34 is read by the number of laver sets, and in the case of the 5PS,

the syntax of FIGS. 34 and 35 is read once.
{0351]

As described above, when associated parameter set flag is 0 {VPS), it is
possible to transmit the parameter for buffer management for the layer set des‘sigzmied
by the VPS according to jayer buffering period SEI syntax of FIGS. 34 and 3
[0352]

In the fransmission of the parameter related to the NAL and the VCL of
FIGS. 34 and 35, fayer specific parameters present flag serving as a {flag indicating
whether or not a parameter of only a corresponding laver 15 transmitfed 15 set as
illustrated in 18th and 38th rows.  When this flag is 1, @t indicates that a parameter
of only a corresponding laver described in 19th to 27th rows and 3%th to 47th rows is
transmitted.  In other words, when layer specific parameters present flag is 1, it is
possible to transmit a parameter for performing a decoding process as in exi? in
addinon w ex 11 of FIG. 6,

(03

(_)\.

3]
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BT is basically the
same as buffering_period_SEI deseribed above with reference to FIG. 32 except for
the above-deseribed points, and in the other rows, a schedule management parameter
of an accumyiation buffer by accumulation from a lower layer is set.

(03541

Thus, when schedule management of an  accumulation buffer by
buffering_period_SEI is performed, it is possible to manage a layer set as well as a
single layer.  Further, it is possible to perform a schedule management both when all
layers included in a layer set are decoded by a single decoding devies and when
respective layers are decoded by separate decoding devices.

[0355]

<Scalable encoding device>

A scalable encoding device in the case of buffering period SEE has
basically the same configuration as in the case of the HRD parameter.  Thus, an
example of a configuration of a scalable encoding device in the case of
bulfering period SEI will be described with reference to FIG. 10.

10356]

In other words, as in the case of the 1IRD parameter, the base layer image
encoding section 101-1 acquires image information (hase taver image information)
of the base layer. 'the base layer image encoding section 101-1 encedes the base
layer frnage information without reflerring fo other layers, generates encoded data
(base layer encoded data) of the base laver, and cuipats the generated encoded data.
[0357]

As In the case of the HRD parameter, the enhancement layer image
encoding section 10]-2 acquires image information (enhancement layer image
nformation) of the enhancement fayer. The enhancement layer image encoding
section 101-2 encodes the enhancement layer image information. At this time, the
enhancement layer image encoding section 101-2 performs inter-laver prediction
with reference to information related (o encoding of the base layer as necessary.
[0338]

Further, buffer management information is supplied from the base layer
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inage encoding section 101-1 to the enhancement faver image encoding section [01-
2 as necessary.  Unlike the case of the HRD paramecter, the enhancement layer
image encoding section 101-2 designates an aszociated parameter set, and designates
a parameter of each layer sef or a parameter for a sequence according to the
designated parameter set.  Then, the enhancement layer image encoding section
101-2 sets the designated parameter with reference to the buffer management
miormation suppiicd from the base layer image encoding section 101-1.

[G359]

Farther, unlike the case of the HRD parameter, the enhancement laver image
encoding scotion 101-2 sets layer specific parameters present flag, and *.6{8 a
parameter of each layer according o a value of
layer specific parameters present flag.  Then, the enhancement laver image

encoding section H3-2 encodes buffering_period SEI and
information to a lossless encoding section 301,
03607

The enhancement layer image encoding section 101-2 generates encoded
data (enhancement laver encoded data} of the enhancement fayer through the above
encoding, and outputs the generated encoded data.

10361}

As in the case of the HRD parameter, the encoding control section 102
controls the encoding process of the layer image encoding sections 101, for example,
in view of the reference relation of the layer image encoding sections 101,

0362]

<Ekxample of configuration of laver image encoding section™

FIGL 36 15 a block diagram illustrating an example ol & main conhguration
of the enhancement layer image encoding section 101-2 In the case of
buffering_period _SEL
[0363]

Further, the base laver mmage encading section 101-1 i the case of

buffering_period SEI has basically the same configuration as the enbancement layer
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image encoding section 101-2 of FIG. 36 except that a type of an image serving as a
target is different.  For the sake of description, in the example of FIG. 36, a
configuration of the enhancement layer image encoding section 101-2 will be
described as an example.

[0364]

The enhancement layer image encoding section 101-2 of FIG 36 differs
from the enhancement layer image encoding section 101-2 of FIG 11 in that the
lossless encoding section 116 s replaced with the lossless encoding section 301, the
HRD type setting section J28 is not provided, and a buffering period SEI setting
section 3072 1z added.

[0365]

In ofher words, the enhancement layer image encoding section 101-2 of FIG,
36 includes an A/D converting section 111, a screen reordering buffer 112, an
operation section 113, an orthogonal transform section 114, a quantization section
115, a lossless encoding section 301, an accumulation buffer 117, an inverse
quantization section 118, and an inverse orthogonal transform section 119, The
enhancement layer image encoding scction 1012 further includes an operation
section 120, a loop filter 121, a frame memory 122, a selecting section 123, an infra
prediction section 124, a motion prediction/compensation section 25, a predictive
image selecting section 126, and a rate control section 127, The enhancement laver
image encoding section 101-2 further includes the buffering period SEI setting
section 302,

[0366]

Like the lossless encoding section 116 of FIG, 11, the lossless encoding
section 301 encodes the transform coefficients quantized in the quantization section
135 according 10 an arbitrary encoding scheme.  Since coefficient data is quantized
under control of the raie control section 127, the coding amount becomes a target
value {(or approaches a target value) set by the rete control seetion 127.

[0367]
Like the lossless encoding section 116, the lossiess encoding section 301

acquires information indicating an intra prediction mode or the like from the intra
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prediction section 124, and acquires information indicating an inter prediction mode,
dgifferential  motion  vector information, or the like from the motion
prediction/compensation section 125

[0368)

Further, uniike the lossiess encoding section 116, the lossless encoding
section 301 acquires encoded information (syntax) of layer buffering period SEI
from  the buffering  period  BED setting  section 302 i addmon to
nuffering_period_SEL
13691

Farther, like the lossless encoding section 116, the lossless encoding section
301 appropriately generates an NAL unit of the enhancement layer including a
sequence parameter set (5PS), a picture parameter set (PPS), and the like.  Like the
lossless encoding section 116, the lossless encoding section 301 encodes various
kinds of mformation accerding to an arbitrary encoding scheme, and sels
{multiplexes) the encoded information as part of encoded data {also referred (o as an
“encoded stream™).  The lossless encoding section 301 supplies the encoded data
obtained by the encoding to be accumulated in the accumulation buffer 117,

[G370]

Further, unlike the Jossless encoding section 116, for example, when there is
an enhancement layer bmage encoding section 101-3 of an upper layer as indicated
by a dotted line, and there is a request from its buffering period SEI setting section
302, the jossless encoding section 300 supplies management information of the
accumulation buffer 17 to the enhancement layer image encoding section 111-3 of
the upper laver.

[G371]

The accumulation buffer 117 temporarily holds the encoded data
{enhancement layer encoded data) supplied From the Tossless encoding section 301,
Fhe accumulation buffer 117 outputs the held enhancement layer encoded data to a
recording device (recording medium}j, a fransmission path, or the like (nof ilustrated)
at a subsequent stage al a certain timing.  In other words, the accumulation buffer

117 serves as a transmitiing section that transmits the encoded data as well.
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The buffering pericd SEI setting section 302 designales an associated
parameter set, and designates a parameter of each laver set or a parameter for a
sequence according to the designated parameter set.  Purther, the buffering period
SEI setting section 302 sets the designated parameter with reference to the buffer
management information supplied from the lossless encoding section 301 (the lower
layery of the base layer image encoding section 101-1. For example, this parameter
is a parameter of accumulation from a lower layer.  Further, the buffering peried
parameter  of  cach layer according t0 the set vahre  of
layer_specific_parameters_present_flag.

63731

The buffering pertod SEI setting section 302 encodes buffering_period SEI
and taver butfering period SEI including the parameters set as described above, and
supplies the encoded information to the lossless encoding section 301,

103743

<Iample of contiguration of buffering period SEL setting section>

FIG. 37 is a biock diagram illustrating an example of a configuration of the
buffering period SEI setting section of FIG. 36,

[0375]

1

o

in an example of FIG 37, the buffering period SEI setting section 302 is
configured fo include an associated parameter set setting section 311, a layer set
buffer 312, a layer buffering period SEI setting section 313, and a layer parameter
transmission designating section 314,
[63761

The associated parameter set setting section 311 performs a designation
related to associsted parameter sef flag according to the user’s operation.  In other
words, the user designates which of a VPS {flag=0) and an SPS (flag=1) is associated
withh buffering pericd SEI The associated parameter set setiing section 311
designates a value of associsted parameter set flag, and supplies the designated

value fo the lossless encoding section 301 and the layer buffering period 5EI setting
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section 31
{0377}

in the case of associsted parameter set flag=0, that is, when

butfering_period _SEI is associated with a VPS, information related to a layer set
stored in & VPS of enhancement layer image compression information is supplied
and accumidated in the layer set buifer 312 through the lossless encoding section 301,
The layer set buffer 312 accumulates the information related to the layer set, and
supplies the Information related to the layer set to the laver buffering period SEI
setting section 313 at a certain timing.

{0378}

Further, the buffer management information in the base layer is supplied
from the lossless encoding section 301 of the base layer image encoding section 101-
I to the layer buffering periad SEI seiting section 313,

{0379]

The layer parameter {ransmission designating section 314 desighates
layer_specific_parameters present flag according to the user’s operation.  fn other
words, the user designates a value of layer specific_parameters present flag
indicating whether or not a parameter setting of each laver is performed.  The layer
parameter  tansmission  designaling  section 314 desighates  a  value  of
layer specific parameters_present flag, and supplies the designated value to the
fossless encoding section 301 and the layer buffering period SEI setting section 313
103807

The layer buffering period SEI setting section 313 performs the encoding
process of buffering_period_SED and layer buffering period SEY, and supplies
encoded information thereol to the lossless encoding section 301,

{0381

Specificafly, the layer buffering period SEI setting section 313 seis the

designated parameler according to associsted parameter set flag supplied from the

associated parameter set setting section 311 with reference 1o the bulfer management
mformation supplied from the lossless encoding section 301 {the lower layer) of the

base layer image encoding section 101-1. In other words, when 2 value of
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associsted_parameter_set_flag is 1 {(=VPS), the layer buffering period SEI seiting
section 313 sets a parameter for each layer set based on the information related to the
fayer sot swpplied from the layer set buffer 312, Further, when a value of
associsted_parameter set flag is 0 (=SPS), the layer buffering period SEI setting

4

section 313 sets a parameter for a seguence,
10382)

Further, the layer buffering period SEI setting section 313 sets a parameter
of each layer according to a value of layer_specific_parameters present flag, that is,

when a value of layer specitic parameters present flag is 1. Further, the layer
bulferimg period SEI setting section 313 encodes buffering period SEI and
layer buffering period_SEI including the set parameter, and supplics the encoded
information to the lossiess encoding section 301,
[0383]

<Flow of encoding process>

Next, the flow of the process performed by the scalable encoding device 100
in the case of huffering_period SEI will be described.  The flow of the encoding
process is basically the same as the flow of the enceding process described above
with reference to FIG. 14, and a description thereof Is omitted.
(03847

<Flow ol jayer encoding process>

Next, the layer encoding process in step S102 of FIG. 14 wil] be described
with reference to a flowchart of FIG 38, In steps 8311 1o $323, §326, and 8327 of
FiGi 38, basically the same processes as in steps S1IT to 8123, 8126, and 8127 of
FIG 15 are performed, and thus a deseription thereof is omitted.
{03857

In other words, in step 5324, the buffering period SEI setting section 302
performs a buffering period SEL encoding process.  The buffering period SEI
encoding process will be described later with reference to FIG. 39, and through this
process, the respective parameters are set, and information of buflering_period SEI
and dayer buffering_peried SE1 including the set parameters is encoded and

suppiied to the lossiess encoding section 307,
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10386]

In step S325, the lossless encoding section 301 encodes the coefficients
guantized in the process of step S318. In other words, icssless coding such as
variable length coding or arithmetic coding is performed on dafa corresponding (o 2
differential image,

(G387}

At this time, the lossless encoding section 301 encodes the information
related to the prediction mode of the predictive image selected in the process of step
8315, and adds the encoded information to the encoded data obiained by encoding
the differential imsge. In other words, the lossless encoding section 301 also
encode, for cxample, information according to the optimal intra prediction mode
iformation supplied from the infra prediction section 124 or the optimal inter
prediction mode supplied from the motion prediction/compensation section 1235, and
adds the encoded information to the encoded data. Further, the lossless encoding

section 301 also encodes, for cxample, the encoded information {syntax) of

step 4324 according o a certain encoding scheme, and adds the encoded information
to the encoded data.
H1388]

<Flow of butfering period SEI setting process>

MNext, the buffering period SE! encoding process of step 8324 of FIG. 38
will be described with reference to a fiowchart ot FIG. 3%
(03893

For example, the fayer set buffer 312 accumulates the information related o
the laver set, and supplies the information related to the layer set w the layer
buffering period SEI setting section 313 at a certain timing.
103907

In step 5331, the associated parameter set setting section 311 designates an
associated parameter set according o the user's operation.  In other words, the user
designates which of a VPS5 (flag=0} and an SPS (flag=1) is associated with

buffering period SEL
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[0391]

In step S332) the associated paramefer set setting section 311 determines
whether or not the associated parameter set is a VPS,  When the associated
parameter set 1s determined to be a VPS in step 5332, the process proceeds to step
8333,
10392}

In step 5333, the associated parameter set setting section 311 designates a
parameter of sach layer st In other words, the associated parameter set setling
secHon 311 designates a value of associsted parameter set flag {fag=0), and
supplies the designated value 10 the lossless encoding section 301 and the layer
huffering period SEI selting section 313,

03931

At this time, the mformation refated to the layer set stored in the VPS of the
enhancement layer image compression information is supplied to and accurnulated in
the layer set buffer 312 through the lossless encoding section 301, Then, the layer
butfering period SEI setiing section 313 sets a parameter of each layer set based on
the information related to the layer set supplied from the faver set buffer 312 with
reference to the buffer management infornnation supplied from the lossless encoding
section 301 {the lower laver) of the base layer image encoding section 101-1.

[0394]

Meanrwhile, when the associated parameter st is determined not to be a
VIS in step S332) the process proceeds to step 3334,

[0395]

In step 5334, the associated parameter set setting section 31 designates a
parameter of a sequence. I other words, the associated paramefer set selting
section 311 designates a value of associsted parameter set flag { Rag=1), and
supplies the designated value to the lossless encoding section 301 and the layer
buffering period SEI setting section 313,

[039G}
The laver buffering peried SEI setting section 313 sets a parameter of a

sequence with reference to the buffer management information supplied from the
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lossless encoding section 301 (the lower lavery of the base layer image encoding
section 101-1.
[0397]

in step 5335, the layer parameter transmission designating section 314 sefs
layer specific parmmeters present flap according to the user’s operation. In other
words, the user designates a value of layer specific parameters present flag
indicating whether or not setting of & parameter of each layer is performed.

[(398]

The layer parameter ransmission designating section 314 supplies the sef
vatue of layer_specific_parameters present flag to the lossless encoding section 301
and the fayer buffering period SEI setting section 313,

[0394]

In step 5336, the layer buffering period SEI setting section 313 determines
whether or not a value of layer specific parameters present flag is 1. When a
value of layer_specific parameters_present_flag is determined to be | in step S336,
the process proceeds to step 8337,
|0400]

in step 5337, the layver buffering period SEI setting section 313 sets a
parameter of cach fayer
104017

Further, when a value of layer specific parameters present flag s
determined 1o be O in step 5336, the process of step 5337 is skipped.

[0402]

I step 3338, the layer buffering period SEI setting section 313 encodes
buffering period SEI and layver_buffering_period SEI including the parameters set
as described above, and supplies the encoded information to the lossless encoding
section 301,

[0403]

Since buffering period SEI 15 associated with a VPS as well as an SPS ag

descrived above, when schedule management of an accumulation buffer by

butlering_period_SEID is performed, it is possible to manage a laver set as well as a
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single Tayer,
[(404]

Further, since a parameter of ecach layer is transmitted, it is possible to
perform a schedule management both when all layers included in a laver set are
decoded by a single decoding device and when respective lavers are decoded by
separate decoding devices,

10405]
<hcatable decoding device>

A configuration of a scalable decoding device in the case of

Thus, an example of a configuration of 2 scalable decoding device in the case of
butfering_period_SEI will be described with reference to FIG. 20.
[04046]

In other words, ag in the case of the HRIY parameter, the base layer image
decoding section 2011 is an image decoding section corresponding to the base layer
image encoding section 101-1 of FIG. 10, and acquires, for example, the base layer
encoded data obtained by encoding the base laver mage information through the
base Jayer image encoding section 101-1. The base layer image decoding section
201-1 decodes the base layer encoded data without referring to other lavers,
reconstructs the base layer image information, and outputs the base laver image
information.

§0407]

The enhancement layer image decoding section 201-2 is an image decoding
section corresponding to the enhrancement layer image encoding section 101-2, and
acquires, for exampie, the enhancement layer encoded data obtained by encoding the
enhancernent laver image information through the eshancement laver image
encoding section 101-2 as in the case of the MR parameter.  The enhancement
tayer image decoding section 201-7 decodes the enhancement laver encoded data,
At this time, the enhancement layer image decoding section 201-2 performs the mter-
layer prediction with reference to information related 1o decoding of the base layer as

necessary.
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[0408]

Farther, unlike the case of the HRD parameter, buftering period SEI of FIG.
33 and layer buffering pericd_SEI of FIGS. 34 and 35 are added to cach encoded
data (bitstream) and ftransmitted. Unlike the case of the HRD parameter, the
enhancement laver image decoding section 201-2 acquires information related 1o an
associated parameter set from buffering period SEI, and decodes a parameter of
each layer set or a parameter for a sequence sccording to a paramneter set indicated by
the acquired information.
[(409]

Further, unlike the case of the HRI parameter, the enhancement fayer image
decoding section 201-2 receives laver specific parameters present flag from

vaiue of layer specific_parameters present flag.  Then, the enhancement laver
image decoding section 201-2 meoenitors the accumulation bufler based on the
decoded parameters.

04107

Further, in the case of the parameler that is not a parameter of each layer,
that is, the parameter accumuiated from the lower layer, the enhancement layer
image decoding section 201-2 monitors the accumulation butfer with reference to the
buffer management information supplied from a lossless decoding section 351 of the
hase layer image decoding section 201 -1,
f0411]

Through the decoding, the enhancement layer image decoding section 201-2
decodes the encoded data of the enhancement layer, reconstructs the enhancement
layer image information, and outputs the enhancement layer image information.
[0412]

As in the case of the HRD parameter, the decoding control section 202

controls the decoding process of the layer image decoding sections 207, for example,

in view of the reference relation of the laver image decoding sections 201,
[e413]

<Example of a configuration of layer image decoding sections

i
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FIG, 40 is a block diagram illustrating an example of a meain configuration
of the enhancement layer image decoding section 201-2 in the case of
buffering_period SEL
164143

The hase layer image decoding section 201-1 in the case of
buffering_period_SET has basically the same configuration as the enhancement layver
image decoding section 201-2 of FIG, 40 except that a type of an image serving as a
target is different. For the sake of description, in the example of FIG 40, a
configuration of the enhancement layer bnage decoding section 201-2 will be
described as an example.

[0415]

The enhancement layer image decoding section 201-2 of FIG 40 differs
from the enhancement laver image decoding section 201-2 of FIG 21 in that the
lossless decoding section 212 is replaced with the lossless decoding section 351, the
HRD type decoding section 224 is not provided, and a buffering peried SE! decoding
section 352 is added.

[0416]

In other werds, the enhancement layer image decoding section 201-2
includes an accumulation buffer 211, a lossiess decoding section 351, an inverse
guantization section 213, an nverse orthogonal transform section 214, an operation
section 215, a loop filter 216, a screen reordering buffer 217, and a VA converting
section 218, The enhancement laver image decoding section 201-2 further includes
a frame memory 219, a sefecting section 220, an inira prediction section 221, a
motion prediction/compensation section 222, and & selecting section 223, The
enhancement layer mnage decoding section 201-2 further includes the buffering
period 5k decoding section 352.

o417

The accumulation buffer 211 13 2 receiving section that receives the
rapsmitted enhancement layer encoded data.  Information necessary for decoding
such as the prediction mode information is added to the enhancement layer encoded

o

data.  buffering period SEPof FIG 33 and layer buffering period SEI of FIGS. 34



1

1;

o

[Nl
on

3

0

B

G

BPE5I652W0OL0

and 35 are added to the enhancement layer encoded data.  The accumulation buffer
211 receives and acoumulates the fransmitted enhancement layer encoded data, and
supplies the encoded data to the lossless decoding section 212 at a certain timing.
[0418]

Further, the accumulation butfer 211 receives laver buffering period SEf
decoded information supplied from the buffering period SEI deceding section 352,
information.

(04191

Like the lossless decoding section 212 of FIG 21, the lessiess decoding
section 351 decodes the information that has been encoded by the {ossless encoding
section 301 and supplied from the accumulation baffer 211 according fo a scheme
corresponding o the encoding scheme of the lossless encoding section 381 The
lossless decoding section 351 supplies quantized coelficient data of a differential
image obtainad by the decoding to the inverse guantization section 213,

(04201

Further, like the lossless decoding section 212, the lossless decoding section
351 appropriately extracts and acquives the NAL unit including the video parameter
set (VIPS), the sequence parameter set (8P8), the picture parameter set (PPS), and the
like which are included in the enhancement laver encoded data,  Like the lossless
decoding section 212, the lossless decoding section 351 extracts the information
refated to the optimal prediction mode from the information, determines which of the
intra prediction mode and the Inter prediction mode has been selected as the optimal
prediction mode based on the information, and supplies the mformation related to the
optimal prediction mode to one of the intra prediction section 221 and the motion
prediction/compensation section 222 that corresponds to the mode determined o
have been setected,

{0421

In gther words, for example, in the enhancement layer mnage decoding

section 201-2, when the infra prediction mode is selected as the optimal prediction

mode, the information related to the optimal prediction mode is supniied to the intra
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prediction section 221, Farther, for example, in the enhancement layer image
decoding section 201-2, when the inter prediction mode is selected as the optimal
prediction mode, the information related to the optimal prediction mode is supplicd
to the motion prediction/compensation section 222,

(04221

Further, similarly o the lossless decoding section 212, the lossless decoding
section 351 exfracts, for example, information necessary for inverse gquantization
such as the quantization matrix or the guantization parameter from the NAL unit or
the fike, and supplics the extracted information to the inverse quantization section
213, Further, unlike the jossless decoding section 212, the lossless decoding section
351 parses and separates, for exampie, bufﬁeringgép@z“éodﬁSBi of FIG. 33 and
of FIG 33 and iayt‘:r_}m ffering period SE} of FIGS. 34 and 35 to the bufferirzg
period SEI decoding section 352,

[0423]

The buffering period 8EI decoding section 352 decodes a parameter of each
layer set or a parameter for a sequence according to associsted parameter set flag of
buffering period _SEI supplied from the lossless decoding section 351, In other
words, when a value of associsted parameter set flag is 0 (=VPS}, the layer
buffering period SEI decoding section 352 recetves the parameter of each layer set
based on the information related to the layer set supplied from the layer set buffer
312, Then, the layer buflering period SEI decoding section 332 decodes the
received parameter of each layer set with reference to the base layer buffer
management information supplied from the lossless decoding section (the lower
fayery 351 of the base layer image decoding section 201-1,

H0424]

Further, when a value of associsted parameter set flag is 1 (=8PS), the
layer buftering period SEI seiting section 313 recelves a parameter for a sequence.
Thery, the layer buffering period SEI decoding section 332 decodes the received
parmmeler for ihe sequence with reference 1o the base layer buffer management

information of the lossless decoding section (the lower layer) 351 of the base laver
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image decoding section 201-1.
[(425]

Further, the buifering period BBl decoding section 352 receives
iayer specific_parameters present flag  of layer buffering period SE@  supplied
from the lossless decoding section 351, and receives and decodes a parameter of each
fayer according to a value of layer specific_parameters present flag, that is, when a
value of layer_specific_parameters present flag is 1. Then, the layer buffering
period SET decoding section 352 supplies the layer buffering period SEI decoded
information  decoded  according  to  associsted parameter set flag and
layer_specific_parameters present flag to the accumulation buffer 211,

[0426]

Further, for example, when there is an enhancement laver image decoding
section 201-3 of an upper layer as indicated by a dotted line, and there is a request
from its buflering pericd SEI decoding section 352, the lossless decoding section 351
supplies the management information of the accumulation buffer 211 1o the
enhancement layer image decoding section 201-3 of the upper layer.

[0427]

<Example of configuration of butfering period 8EI decoding section>

FIG 41 is a block diagram illustrating an example of & configuration of the
buffering period SEI decoding section of F1G, 40,

[0428]

In an example of FIG 41, the buffering period SEI decoding section 357 is
configured to include an assoctated parameter set decoding section 361, a layer set
butfer 362, a layer buffering period SET decoding seclion 363, and a fayer parameter
transmission receving section 364,

[04297
The  lossless  decoding  section 351 parses  and  separates

buffering_period SEI and layer buffermg period SEI and supnlies
buffering period_SED  enceded information  and  associated parameter set flag
therein 10 the associated parameter set decoding section 361, Further, the lossless

decoding section 351 supplies laver buffering period SEJ encoded information to
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the laver buffering period SEY  decoding  section 363, and supplies
laver specific_parameters present flag therein to the laver parameter transmission
receiving section 364,
(34301

The assoclated parameter  set  decoding  section 361 receives
associsted parameter set flag supplies from the lossless decoding section 351, and
analyzes the buffering period SEI encoded mformation according to a value thereol
In other words, the associated parameter set decmding section 361 aoqmé;“es NECESsary
value of associs{edmparameterusetwﬂrsgz, and supplies the acquired information to the
layer buffering period SEI decoding section 363.
[04311

In  the case of associsted parameter set {lag=0, that 1is, when

buffering period SEL is associated with a VP3, the lossless decoding section 351

supplies the information related fo the layer set stored in the VPS of the enbhancement
fayer image compression information to the layer set buffer 362, The layer set

buffer 362 accumulates the Information related to the layer sel, and supplies the
information related fo the laver set (¢ the laver buffering period SEI decoding section

363 at a cortain timing.

(04321
The layer buffering pertod SEI decoding section 363 analvzes the
layer buffermg period SEI encoded information according to

associsted_paramecter_set flag supplied from the associated parameter set decoding
section 361 with respect to the base layer buffer management information of the
lossless decoding section (the lower layer) 351 of the base layer image decoding
section 201-1. Then, the layer bulfering period 5EI decoding section 363 decodes
the parameter of each layer set or the parameter for the sequence using the analyzed
encoded information.
[0433]
In other words, when a value ol associsted parameter set flag is 1 (=VPS),

the layer buffering period SEL decoding section 363 decodes the parameter of 2ach
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Inyer set based on the information related to the layer set supplied from the layer set

buffer 362, Further, when a vaiue of associsted parameter set flag is 0 (=SPS), the

layer buffering period SEI decoding section 363 decodes the parameter for the

sequence.

[0434]
Further, the laver buffering period SE@ decoding section 363 receives

layer specific parameters present flag  supplied  from  the layer parameter

o

encoded information  according to a  value thereofl When a walue of
layer specific parameters present fiag is 1, the layer buffering period SEI decoding
section 363 decodes the parameter of each layer.
{0435]

Then, the layer buffering pericd SEI@ decoding section 363 supplies the
laver buffering peviod 5Bl decoded  information  decoded  according o
accwmulation buffer 211,
[0436]

The laver parameter transmission receiving section 364 analyzes a value of

layer specific_parameters present flag, and  supplies the analyzed wvalue of

section 363,
(04371
<Flow of decoding process>
Next, the flow ol the process performed by the scalable decoding device 200

in the case of buffering period SEI will be described. The flow of the decoding

process is basically the same as the flow of the decoding process described above
with reference to FIG. 23, and thus a deseription thereof is omitted,
064381

<Flew of layer decoding process>

Next, the taver decoding process in step 5202 of FIG. 23 will be described

with reference to a flowchart of FIGL 42, Insteps 3351 and S354 10 5361 of FIG. 42,
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hasically the same processes as in steps SZ1I and 8214 to 5221 of FIG. 24 are
performed, and thus a description thereofl s omitted.
[0439]

In other words, in step 8352, the lossless decoding section 331 decodes the
bitstream (the encoded differential image informationy of the enhancement layer
supplied from the accumuiation buffer 211, In other words, the I picture, the P
picture, and the B picture encoded by the lossless encoding section 201 are decoded,
At this time, various kinds of information other than the differential image
information included in the bitsiream, such as the header information, are also
decoded.  For example, the lossless decoding section 351 parses snd separates
buffering period SEI and layer buffering_period SEL arxd supplies
bulfering_period SET and layer buffering period SED to the buffering period SEI
decoding section 352,

[0440]

In step 8353, the buffering pericd SEI decoding section 352 performs a

buffering period SET decoding process.  The ba.ffering period SEI decoding process
vill be described later with reference (o FIG 4
fo4411

layer_buffering period SEI is  decoded in  step 5353, and the
laver_bulfering_period SEI decoded information is supplied to the accumulation
buffer 211, Then, the accumulation buffer 211 performs the buffer management
baged on the layer_buffering_period_SEI decoded information.

[0442)

“Flow of buttfering period SEI decoding process™>

Next, the bulfering period 3EI decoding process of step S353 of FIG. 42
will be described with reference to a flowchart of FIG. 43,

[0443]

The  lossless  decoding  section 351 parses  and  separates
buffering pertod_SEI  and  layer_buffering_period SEl,  and  supplies  the
buffering period SEI encoded  information and  associated parameter set flag

therein to the associated parameter set decoding section 361, Further, the lossless



[

16

1

[RW)

5

f2)

30

SP35I6RZWO00

decoding section 351 supplies the layer huffering veriod SEI encoded information
o the layer buffering period SE{ decoding section 363, and supplies
layer_specific_parameters present flag therein to the layer parameter {ransmission
receiving section 364,

[0444]

In step 8371, the associated parameter set decoding section 361 recelves
associsted parameter set flag serving as the information related to the associated
parameter set supplied from the lossless decoding section 3510 In step 8372, the
associated parameter set decoding section 361 determines whether or not the
associated  parameter set s the VPS with reference to the vale of
associsted_parameter set flag supplied from the lossless decoding section 351,

104457

, that is, when the associated parameter set i defermined to be the VPS5, the

process proceeds to step 5373, At this time, the associated parameter set decoding

section 301 acquires necessary Information (information related to the parameter of

each layer set) from the buffering period SEI encoded information, and supplies the
acquired information 1o the layer butfering period SEI decoding section 363,

[G446]

In response 1o this, the layer buffering period SEI decoding section 363
analyzes the layer buffering period SEl encoded information  according  w
associsted_parameter set flag=1 supplied from the associated parameter set
decoding seetion 361 with reference to the necessary information obtained from the
buttering_period_SEI encoded information and the base layer buffer management
information of the lossless decoding section {the lower layer) 351 of the base laver
image decoding section 201-1. Then, in step 8373, the layer buffering period SEI
decoding section 363 decodes the parmmceter of cach laver set using the analyzed
encoded information,  The layer buffering period SEL decoding section 363 supplies
the layer buffering period SEI decoded information obtained by decoding the
parameter of each layer set to the accumulation buffer 211,

0447
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turther, when a value of associsted_parameter _set_flag is detenmined to be
I in step 5372, that is, when an associated parameter set is determined to be the SPS
other than the VPE, the process proceeds to step 3374, At this time, the associated
parameier set decoding section 361 acquires necessary information {(information
reiated o the pararneter for the sequence) from the buffering period SEI encoded
information, and supplies the acquired information to the layer buffering period SEI
decoding section 363,
{04481

In response to this, the layer buflering period 5B decoding section 363
analyzes the laver buffering period SEI encoded information according (o
associsted_parameler_set flag=0 supplied from the associated parameter set
decoding section 361 with reference to the necessary information obtained from the
information of the lossless decoding section (the lower laver) 351 of the base layer
image decoding section 2011, Then, in step 5374, the layer buffering period SEI
decoding section 363 decodes the parameter for the sequence using the analyzed
encoded information.  The layer buffering period SEI decoding section 363 supplies
the layer buffering period SEL decoded information obtained by decoding the
parameter for the sequence o the accumulation buffer 211
[0449]

in step 5375, the layer parameter fransmission receiving section 364
receives layer specific parameters_presentflag supplied from the losstess decoding
section 351, The layer parameter transmission receiving section 364 analyzes a
layer_specific parameters present flag to the layer buffering period SEI decoding
section 303,
H3450]

In step 5376, the layer buffering period SEI decoding scetion 363

determines whether or not a value of laver specific_parameters present flag is [

step S376. the process proceeds to step 8377



I

10

15

25

39

SPARIEEIW0O00

104517

fn step 5377, the laver buffering peried SEl decoding section 343 analvzes
the laver buffering_period SE] encoded information, and decodes the parameter of
each layer. The layer buffering period SEI decoding section 363 supplies the
layer buffering period SEI  decoded information obtained by decoding the
parameter of each layer to the accumulation buffer 211,
[5457]

Further, when a value of layer specific_parameters present flag s
determined to be 0 in step 5376, step 3377 is skipped.
[0453]
described above, when schedule management of an accumulation buffer by
bulfering_period_SEI is performed, it is possible to manage a layer set as well as a
single layer,
[04541

Further, since a parameter of each layer is transmitted, it is passible to
performi a schedule management both when all lavers included in a layer sef are
decoded by a single decoding device and when respective lavers are decoded by
separate decoding devices.
[34535]

<5, Fifth embodiment>

<About AVC {lag>

Meanwhile, a technique of defining a parameter for the case of ex?2 for
performing a decoding process of decoding respective layers including a layer 10 be
referved to through separate decoding devices in addition (o the case of ex1i of
performing a decoding process by a single decoding device as a parameter for buffer
management by hdr parametersd) in Image comprassion information or sub image
compression formation as described above with reference to FIG0 6 has been
proposed.
[6456]

However, when the base layer {BL) serving as the lower layer is encoded by
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the AVC and the enhancement layer (E1) serving as the upper layer is encoded by the
HEVC, 1t is difficult to implement an example of processing the BL and the EL by a
single decoding device.
[0457]

In this vegard, in Vps_extention{), avc base layer flag serving ag a flag
indicating that the base layer is encoded by the AVC is transmitted.  Then, when

ave base Jayer flag=1, parameter transmission of the example of ex 11 is prohibited.

Fhis 1s implemented by a semantic restriction.  Hereinafter, ave_base layer flag is
also referred to as an “AVC flag”
{04381

<HRD parameter encoding process in case of AVC flag>

Next, ancther example of the HRID parameter encoding process of step $124
of FiG, 15 will be described with reference to a flowchart of FIG 44, In steps 5413
0 8418 of FIG. 44, basically the same processes as in steps 8132 to 8137 of FIG. 16
are performed, and thus duplicate description is omitted,
104597

For oxample, the lossless encoding section 116 of FIG 12 supplies
(04601

in step 5411, the HRD parameter type setting section 143 checks a value of
ave base layer flag (AVC flag) supplied from the lossless encoding section 116.
(64611

In step 5412, the HRD parameter type selting section 143 sets the HRD
parameter type, Al this time, when a value of ave base layer flag (AVC f{lag)
checked in step 5411 is 1, it indicates that the base layer is encoded by the AV, and
a process of performing a decoding process of a corresponding layer and a lower
layer is prohibited.  Thus, the HRID parameter type setting section 143 sets the HRD
parameter type {0 1 serving as a value for performing a decoding pracess of onty a
corresponding laver,

[0467]

When a value of ave_base layer flag (AVC Fag) checked in step $S411 js 0

i Y
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signilarky to step S131 of FIG 16, the HRD parameter type sefting scction 143 sets
the HRD parameter type according to the user’s instruction.
[04631

The HRI} parameter type setting section 143 supplies the Hag indicating the
set HRID parameter type to the lossiess encoding section 116 and the layer HRID
parameter caloulating section 141
04641

Asg described above, in Vps extention(), when avc base laver flags]
indicating that the base layer is encoded by the AVC, the HRD parameter type i set
to 1 serving as a value for performing a decoding process of only a corresponding
layer.  Thus, when the base layer is encoded by the AVC, since a process of
performing & decoding process of a corresponding laver and a lower laver is
prohibited at the decoding side, the decoding side is prevented from receiving an
itlepal bitstream.
[G465]
The above semantics can  be applied even fo the «case of
buffering period SEL
[0466]

<Buffering period SEI encoding process in case of AVC flag>

Next, another example of the buffering period SEl encoding process of step
5324 of FIG. 38 will be described with reference o a Howchart of FIG 45, Tu steps
54371 to 8434 and steps 8437 to 3439 of FIG. 45, basicalty the same processes as in
steps 5331 to 8334 and 5336 to 8338 of FIG 39 are performed. and thus duplicate
lescription is amitted.
(04671

For example, the lossless encoding section 301 of FIG 37 supplies
ave _base layer flag of Vps exfention fo the layer parameter fransmission

designating section 314,

in sitep S433, the layer parameter fransmission designating section 314

checks a value of -ave base layer flag (AVC flag) supplied from the lossless
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encoding scotion 301,
[0469]

in step 5436, the layer parameter transmission designating section 314 sets
layver _specific_parameters_present flag. At this  time, when a wvalue of
ave_base faver {lag (AVC flag) checked in step 8435 is 1, it indicates that the bage
layer is encoded by the AVC, and a process of performing a decoding process of a

corresponding laver and a lower layer is prohibited.  Thus, the layer parameter

I serving as a value indicating that a parameter of each layer is set. Further, when

{ayer may not be set,
[0470]

When a value of ave_base_layer fiag (AVC flag) checked in step 8435 is
simijarly to step 8335 of FiG 39, the layer parameter transmission designating
section 314 sets layer specific parameters present flag according fo the user’s
operation.

(6471

e fayer parameter transmission designating section 314 supplies the set
and the layer buffering period SE@ sefting section 313, Further, the buffer
management information in the base layer is supplied from the lossless encoding
section 301 of the base layer image encoding section 101-1 1o the layer buffering
period SEI setfing section 313,
(04721

As described zbove, in Vps_exiention{), when ave base laver fag=],
layer specific_parameters present flag 1s set 1o 1 serving as a value indicating that a
parameter of each layer is set.  Thus, when the base laver is encoded by the AVC,
siee a process ol performing a decoding process of a corresponding layer and 2
lower layer is prohibited at the decoding side, the decoding side is prevented from
recerving an illegal bitstream.

[0473]
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Although the example in which image data is hicrarchized into a plurality of
iayers by scalable video coding has been described above, the number of layers is
arbitrary,  For example, some pictures may be hierarchized.  Further, although the
example in which the enhancement laver is processed with reference to the base layer
at the time of encoding and decoding has been deseribed above, the present
technology is not limited to this example, and the enbancement faver may be
processed with reference to any other processed enhancement layer.

(04743

Further, a view in multi-view image encoding and decoding is alse included
a3 a layer deseribed above. In other words, the present technology can be applied (o
multi-view image enceding and multi-view image decoding.  FIGL 46 illustrates an
example of 2 multi-view Image encoding scheme,

FO475]
<6, Sinth embodiment>

FApplication to multi-view image encoding and multi-view image decoding]

The above-described series of processes can be applied to mulii-view image
encoding and wulti-view image deceding. FIG 46 illusirates an example of a
multi-view image encoding scheme.

[6476)

Asiliustrated in FiGn 46, a multi-view hmage includes Invages of a nlurality
of views. A plurality of views of the multi-view image includes a base view In
which encoding and decoding are performed using an image of its owa view without
using an image of another view and a non-base view In which encoding and
decoding are performed using an image of another view.  As a non-base view, an
image of a base view may be used, and an image of another non-base view may be
used,

10477

When the multi-view image of FIG 46 ig encoded or decoded, an image of
each view 1s encoded or decoded, but the methods according to the first and second
embodiments may be applied to encoding or decoding of each view.  As a result, it

is possible to perform a decoding process at a proper timing.
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[0478]

Further, the flags or the parameters used in the methods according 1o the
first and second embodiments may be shared in encoding and decoding of each view.
Asg a result, it is possible to suppress transmission of redundant information and
reduce an amount of information fo be transmitted (a coding amount) (that is, it is
possible to suppress a redoction in encoding efficiency).

{04791

More specifically, for example, the HRD parameter tvpe flag, the HRD
parameter, or buffering period_5E] and layer_buffering period SEI@ may be shared
in encoding and decoding of each view.

(480

Of course, any other necessary mformation may also be shared in encoding
and decoding of cach view.
(34817

[Multi-view image encoding device]

FIG 47 is a diagram itlustrating a multi-view image encoding device which
performs the sbove-described multi-view image encoding.  As iHustrated in FIG 47,
the multi-view imuage encoding device 600 has an encoding section 601, an encoding
section 6072, and a multiplexing section 6403,

(04821

The encoding section 641 encodes 1 base view image and generates a base
view image encoded stream.  The encoding section 607 encodes a non-base view
image and generates a non-base view image encoded stream.  The multiplexing
section 603 multiplexes the base view image encoded stream generated i the
gncoding section 601 and the non-base view image encoded stream generated in the
encoding seetlon 602, and generates a multi-view mage enceded stream.

[0483]

The scalable encoding device 100 (FIG 10) can be applied to the encoding
section 601 and the encoding section 602 of the multi-view image encoding device
600, In other words, il 1s possible to st the HRD parameter type flag or the HRD

parameler for each view in encoding of cach view, and it is possible fo perform a
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decoding process at a proper timing, Turther, since the encoding section 601 and
the encoding section 602 can use the same HRID) parameter type flag or the same
HRD parameter (that is, can share the flag or the parameter), il is possible to suppress
a reduction in encoding efficiency, and it is possible to perform a decoding process at
a proper tming.  Furthermore, since the same applies to buffering period SEI and
layer_buffering period Skl it is similarly possible to suppress a reduction ip
encoding efficiency, and it is possible to perform a decoding process at a proper
timing.

[0484]

[Configuration Example of Multi-view image decoding device]

FIG. 48 is a diagram illustrating the multi-view image decoding device for
performing the above-described multi-view image decoding,  As iflusirated in FIG
39, the multi-view Image decoding device 610 has an inverse multiplexing section
611, 2 decoding section 612, and a decoding section 613,

[0485]

The inverse multiplexing section 611 inversely multiplexes a multi-view
image encoded stream in which a base view Image cncoded stream and a non-base
view image encoded stream are multiplexed, and extracts the base view image
encoded stream and the non-base view image encoded stream. The decoding
section 6172 decades the base view nage encoded stream extracted by the inverse
multiplexing section 611 and obtains a base view image. The decoding section 513
decodes the non-base view image encoded stream extracted by the inverse
multiplexing section 611 and obiains a pon-base view image.

[0486]

The scalable decoding device 200 (FIG. 20) can be applied 1o the decoding
seetion 012 and the decoding section 613 of the multg-view image decoding device
G610, In other words, it is possible to set the HED parameter type flag or the HRD
parameter for each view m encoding of each view, and it is possible o perform a
decoding process at a proper thning.  Further, since the decoding section 612 and
the decoding section 613 can use the same HRD parameter type flag or the same

HRID parameter (that is, can share the flag or the parameter), it is possible to suppress
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a reduction in encoding efficiency, and it is possible to perform a decoding process at
a proper timing.  Furthermore, since the same applies to buffering period SET and
layer buffering_period SEIL it Is similarly possible to suppress a reduction in
encoding efficiency, and ¥ is possible fo perform a decoding process at a proper
timing.
[0487]

As described above, the prf:sénf; iechnology can be applied to all image
encoding devices and all image decoding devices based on scalable encoding and
decoding.

{0488}

For example, the present technology can be applied to an image encoding
device and an image decoding device used when tmage information (bitstream)
compressed by an orthogonal transform such as a discrete cosine fransform and
motion compensation as in MPEG and H.26x 15 received via 2 network medium such
as sateilite broadeasting, cable television, the Internet, or a mobile telerhone.
Further, the present techneology can be applied fo an image encoding device and an
image decoding device used when processing s performed on a storage medium
such as an optical disc, a magnetic disk, or a flash memory, Furthermore, the
present technology can be applied even o an orthogonal transform device or an
inverse orthogonal transform device equipped in the bmage encoding device, the
image decoding device, or the like.

[6439]

[Computer]
The above deseribed series of processes can be executed by hardware or can
be execcuted by software.  When the series of processes are 1o be performed by

software, the programs forming the software are installed into a computer.  Here, a
computer includes a computer which s incorporated in dedicated hardware or a
general-purpose personal computer (PC) which can execute various functions by
installing various programs into the computer, for example,

[04907
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FIG. 49 is a block diagram iilustrating a configuration example of hardware
of a computer for executing the above-described series of processes through a
program.

10491

Ina computer 890 shown in FIG 4%, a central processing unit (CPLY 801, a
read only memory (ROM) BOZ, and a random accoss memory (RAMY 803 are
connected 1o one ancther by a bus §04.
j0492]

An input and output interface (U/F)y 810 is further connected to the bus 804,
An input section 811, an output section 812, a storage section 813, a communication
section 814, and a drive 815 are connected to the input and ocutput K 810,

[0493]

The input section 811 is formed with a keyboard, a mouvse, a microphone, a
ouch panel, an input terminal, and the like.  The oulput section 817 is formed with
a display, a speaker, an cuiput terminal, and the like. The storage section 813 is
formed with a hard disk, a nonvolatile memory, or the like.  The communication
section 814 15 formed with a network interface or the like.  The drive 815 drives a
removable medium 821 such as a magnetic disk, an optical disk, a magneto-optical
disk, or a semiconductor memory.

[(4941

In the computer configured as described above, the CPU 801 loads the
programs stored in the storage section 813 into the RAM 803 via the input and output
YF 810 and the bus 804, and executes the programs, so that the above deseribed

series of processes are performed.  The RAM 803 also stores data necessary for the

LPUE0T 10 execuie the various processes,

[495]

The program executed by the computer 800 (the CPLU 801 may be provided
by being recorded on the removable medium 821 as a paclkaged medivm or the like,
The program can alse be applied via a wired or wireless transter medium, such as &
local area network, the Internet, or a digital satellite broadcast.

[0496]
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In the computer, by loading the removable medium 821 into the drive 813,
the program can be installed into the storage section 813 via the input and output I/F
10, It is also possible to receive the program from a wired or wireless transfer
medium using the communication section 814 and install the program into fhe
storage section 813, As another alternative, the program can be instalied In advance
into the ROM 802 or the storage section 813
[G497]

I shouid be noted that the program executed by a compuier mayv be a
program that is processed in time series according to the sequence desoribed in this
specification or a program that is processed in paraliel or at necessary timing such as
upon caliing.

10498]

In the present disclosure, steps of describing the program to be recorded on
the recording medium may include processing performed in time-series according fo
the description crder and processing not processed in time-series but performed in

parailel or individually.

[G459]
In addition, in this disclosure, a systern means a set of a plurality of
siements (devices, modules {parts), or the like) regardless of whether or not all

elements are arranged in a single housing.  Thus, both a plurality of devices that are
accommodated in separate housings and connected via a network and a single device
in which a plurality of modules are accommodated in a single housing are systems,
(05007

Further, an ¢lement described as a single device (o processing unit) above
may be divided and configured as a plurality of devices {or processing units).  On
the contrary, elements described as a plurality of devices (or processing unifs) above
may be configured collectively us a single device {or processing unit).  Further, an
element other than those described above may be added to each device (or processing
unity.  Furthermore, a part of an element of & given device {or processing unit} may
be included in an element of another device (or another processing unit) as long as

the configuration or operation of the system ag a whole is substantially the same.
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(0501}

The preferred embodiments of the present disclosure have been described
above with reference to the accompanying drawings, whilst the present invention is
not lmited to the above examples, of course. A person skilled in the art may find
vartous afterations and modifications within the scope of the appended claims, and it
should be understood that they will natorally come under the technical seope of the
present disclosure.

(05621

For example, the present disclosuwre can adopt a configuration of cloud
computing which processes by allocating and conngeting one function by 2 plurality
of apparatuses through a network.

05033

Further, each step described by the above mentioned flow charts can be
executed by one apparatus or by allocating a plurality of apparatuses.
[G504]

In addition, in the case where a plurality of processes is included in one step,
the plurality of processes included in this one step can be executed by onc apparatus
or by allocating a plurality of apparatuses.

{05051

The image encoding device and the image decoding device according to the
embodiment may be applied o various electronic devices such as transmitters and
receivers for satellite broadcasting, cable broadeasting such as cable TV, diswuibution
on the Internet, distribution to terminals via celtular communication and the like,
recording devices that record images In a medium such as optical discs, magnetic
disks and flash memory, and reproduction devices that reproduce images from such
storage mediom.  Four applications witl be deseribed below.

[0508]

<. Applications>
[First Application: Television Receivers)

FIGL 50 tllustrates an example of a schematic configuration of a weleviston

dewvice to which the embodiment is apphed. A felevision device 900 ncludes an
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antenna %01, a wner 902, a demubtiplexer 903, a decoder 904, an video signal
processing section 9035, a display section 206, an audio signal processing section 907,
a speaker 08, an external /F 969, a control section 914, a user UF 911, and a bus
G12.

H1507]

The tuner 902 extracts a signal of a desired channel from broadeast signals
received via the anterna 9901, and demodulates the exiracted signal.  The tuner 402
then outputs an encoded bitstream obtained through the demodulation to the
demultiplexer 903, That is, the tuner 902 serves as a transmission unit of the
television device 900 for receiving an encoded stream in which an image is encoded.
05083

The demuitiplexer 903 demultiplexes the encoded hitstream 1o obtain a
video stream and an audio stream of a program fo be viewed, and outputs each
stream obtained through the demultiplexing to the decoder 904, The demultipiexer
903 also extracts auxiliary dafa such as electronic program guides (EPGs) from the
encoded Dbitstream, and supplies the extracted data to the control secotion 910,
Additionally, the demultiplexer 903 may perform descrambling when the encoded
bitstream has been scrambled.

[0509]

The decoder 904 decodes the video stream and the audio stream mput fom
the demultiplexer 903, The decoder 804 then outputs video data generated in the
decoding process fo the video signal processing seclion 905, The decoder 904 also
outputs the audio dala generated in the decoding process to the audio signal
processing section 947,

(05147

The video signal processing section 905 reproduces the video data mput
from the decoder 904, and causes the display section 906 to display the video. The
video signal processing section 905 may also cause the display section 06 to display
an application sereen supphied via a petwork.  Further, the video signal processing
section %05 may perform an additional process such as noise removal, for example,

on the video data in accordance with the setting.  Furthermore, the video signal
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processing section 905 may generate an image of a graphical user UF (GUD such as a
ment, a button and a cursor, and superimpose the generated image on an output
AL,
MEERE!

The display section 906 is driven by a drive signal supplied from the video
signal processing section 805, and displays a video or an image on a video sereen of
a display  device {eg. Hquid crystal display, plasma display, organic
electricluminescence display ({OLED), ete ).

Fs12]

The audio signal processing section 907 performs a reproduction process
such as D/A conversion and amplification on the avdio data input from the decoder
904, and oviputs a sound from the speaker 908, The andio signal processing section
907 may also perform an additional process such as noise removal on the audio data.
[0513]

The external I/F 909 is an U/F for connecting the television device 960 to an
external device or a petworle  For example, a video stream or an audio siream
received vig the external UF 909 may be decoded by the decoder 904, That is, the
external VF 909 also serves as a transmission unit of the television device 900 for
receiving an encoded stream in which an image is encoded.
f0514]

The controf seetion 910 inclodes a processor such as a central processing
unit {CPLU), and a memaory such as random access memory (RAM) and read only
memery (ROM). The memory siores a program 1o be executed by the CPU,
program data, EPC data, data acquired via a network, and the like.  The program
stored in the memory is read out and executed by the CPU at the time of activation of
the television device 900, for example. The CPU controls the operation of the
television de D00, for example, in accordance with an operation signal input from
the user I/F 911 by executing the program.

[0515]
The user UF 911 is connected to the control section 910, The user I/F 911

includes, for exampie, a button and @ swiich used for a user to operate the felevision
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device 900, and a recelving section for a remote control signal.  The user VF 911
detects an operation of a user via these structural elements, generates an operation
signal, and outputs the generated operation signal to the control section 910,
{05161

The bus 212 connects the tuner 902, the demultiplexer 903, the decoder 904,
the video signal processing section 9035, the audio signal processing section 907, the
external IVF 909, and the conirol section 910 to sach other.
(05171

The decoder %034 has a function of the scalable decoding device 200
according to the embodiment in the television device 900 configured in this manner.
Thus, when an image is decoded in the wlevision device 900, it is possible to
perform a decoding process at a proper timing.
[0518]
FSecond Application: Mobile phones]

FIGO 51 iHustrates an example of a schematic configuration of a mobile
phone to which the embodiment is applied. A mobile phone 920 inciudes an

antenna 921, a communication section 922, an audio codec 923, a speaker 924, a

microphone 925, a camera section 924, an image processing section 927, a
demuliiplexing ssction 928, a recording/reproduction section 929, a display seciton
930, a control seclion 931, an operation section 932, and a bus 933,
f0519]

4

The antenna 921 is connected to the comununication section %22 The
speaker 924 and the microphone 925 are connected to the audio codec 923, The
operation section 932 35 connected to the control section 931, The bus 933 connects
the communication section 922, the audio codec 923, the camera section 926, the
mmage  processing  section 927, the  demultiplexing  section 928, the
recording/reproduction section 929, the display section 930, and the control section
931 to each other,
(05207

The mobile phone 920 performs an operation such as transmission and

reception of an audio signal, transmission and reception of email or image data,
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image capturing. and recording of data in various operation modes including an
audio call mode, a data communication mode, an image capturing mode, and a
videophone mode.

[6521]

An analogue audio signal generated by the muicrophone 925 is supplied fo
the audio codec 923 in the audio call mode. The audie codec 923 converts the
anafogue audio signal into audio data, has the converted audio data subjected to the
A/ conversion, and compresses the converted data.  The audio codec 923 then
outputs the compressed audipo data fo the communication section 922, The
communication section 922 encodes and modulates the audio data, and gencrates a
trapsmission signal.  The communication section 922 then transmits the generated
transinission signal to a base station (not Hlustrated) via the anterma 921, The
communication section 922 also amplifies a wireless signal received via the antenna
921 and converts the frequency of the wireless signal to acquire a received signal.
The communication section 922 then demodulates and decodes the received signal,
generates audio data, and outputs the generated avdio daia to the audic codec 923,
The audio codec 923 extends the audio data, has the audio data subjected to the IV/A
copversion, and genorates an analogue audio signal,  The audio codec 923 then
supplies the generated audio signal to the spesker 924 to ouiput 4 sound.

(522T

The control section 931 also gencrates text data in accordance with an
operation made by a user via the operation section 932, the text data, for example,
composing email.  Morcover, the control section 931 causes the display section 930
to display the text. Furthermore, the controf section 931 generates email data in
accordance with a transmission mstruction from a user via the operation section 932,
and oulputs the generated emai] data to the communication section 922, The
communication section 922 encodes and moduiates the email data, and generates a
transmission signal.  The communication section 922 then transmits the generated
transmission signal o a base station (not illustrated) via the antenna 921, The
communication section 922 also amplifies a wireless signal received via the antenna

921 and converts the frequency of the wireless signal to acquire a received signal,
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The communication section 922 then demodulates and decodes the received signal to
restore the email data, and outputs the restored email data to the control section 931,
The conirol section 931 causes the display section 930 1o display the content of the
email, and also causes the storage medium of the recording/reproduction section 929
to store the emall data.

[0523]

The recording/reproduction section 929 includes a readable and writable
storage medium.  For example, the storage medivm may be a built-in storage
medium such as RAM and flash memory, or an exicrnally mounted storage medium
such as hard disks, magnetic disks, magneto-optical disks, optical discs, universal
serial bus (USBY momory, and memory cards.

[0524]

Furthermore, the camera section 926, for example, captures an image of a
subject to generate image data, and outputs the generated image data to the mage
processing section 927 in the image capturing mode.  The image processing section
927 encodes the image data input from the camera section 926, and cavses the
storage medinm of the storagefreproduction section 929 to store the encoded stream.
[0523]

Furthermore, the demultiplexing section 928, for example, multiplexes a
video stream encoded by the image processing section 927 and an audio stream input
from the audio codec 923, and outputs the multiplexed siream to the communication
section 922 in the videophone maode.  The communication section 922 encodes and
modulates the stream, and generates a transmission signal.  The communication
section 922 then transmits the generaied transmission signal to a base station (not
§iius‘a‘réted) via the antenna 921, The communication section 922 also amplifies a
wireless signal received via the antenna 921 and converts the frequency of the
wireless signal to acquire a received signal.  These transmission signal and received
signal may include an encoded bitstrearn,  The comnunication section 922 then
demodulates and decodes the received signal to restore the stream, and outputs the
restored siream 10 the demultiplexing section 928, The demultiplexing section 928

demultiplexes the input stream to obltain a video stream and an audic stream, and
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outpids the video stream to the Image processing section 927 and the audio stream to
the audio codec 923, The image processing section 927 decodes the video stream,
and generates video data.  The video data is supplied o the display section 930, and
a series of images is displaved by the display section 930, The audio codec 923
exiends the sudio streany. has the audio siream subjected to the D/A conversion, and
generates an analogue audio signal.  The audio codec %23 then supplies the
generated audio signal to the speaker 924, and causes a sound 10 be output,

(05261

The image processing section 927 has functions of the scalable encoding
device 100 and the scalable decoding device 200 according to the embodiment in the
mobile phone 920 configured in this manner.  Thus, when an Image is encoded or
decoded in the mobile phone 920, it is possible to perform a decoding process at &
proper timing,

[0527]
{Third Application: Recording/reproduction device]

FIG 52 iHustrates an example of a schematic configuration of a
recording/reproduction  device o which the embodiment is applied. A
recording/reproduction device 940, for example, encodes audio data and video data
ol a recaived broadeast program and records the encoded audio data and the encoded
video data In a recording medium.  For example, the recording/reproduction device
940 may also encode audio data and video data acquired from another device and
record the encoded audio data and the encoded video data in & recording mediom.
Furthermore, the recording/reproduction device 940, for example, uses a monitor or a
speaker to reproduce the data recorded in the recording medium in accordance with

an instruction of a user. At this time, the recording/reproduction device 940

f0528]

The recording/reproduction device 940 includes a tner 947, an external I/F
G472, an encoder Y43, a hard disk drive (HDD) 944, a dise drive 945, a selector 946, a
decoder 947, an on-sereen display (OS948, a control section 949, and a user UF

G50,
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[0529]

The wner 941 extracts a signal of a desired channel from broadeast signals
received via an antenna (not shown), and demodulates the extracted signal.  The
tuner 941 then outputs an encoded bitstream obtained through the demodulation fo
the selector 946,  That is, the tuner 941 serves ag a fransmission unit of the
recording/reproduction device 944,
sz

The external VF 942 is an I/F for connecting the recording/reproduction
device 940 to an external device or a network,  For example, the external UF 942
may be an Instituie of Electrical and Flectronics Bnglneers (EEE)} 1394 UE a
netwaork ¥F, an USB VF, a ftash memory I/F, or the like.  For example, video data
and audio data received via the external U/F 942 are input to the encoder 943, That
is, the external V1 942 serves ag a {ransmission unit of the recording/reproduction
device 94).

(05317

When the video data and the audic data Input from the external UF 942 have
not been ancoded, the encoder 943 encodes the video data and the audio data.  The
encoder 943 then outputs an encoded bitstream to the selector 946,

05321

The HDD 944 records, i an internal hard disk, the encoded bitstream in
which content data of a video and a sound is compressed, various programs, and
Gther pieces of data.  The FIDD 944 also reads out these pieces of data from the
hard disk at the time of reproducing a video or a sound.
[6533]

The disc drive 945 records and reads out data in a recording medium that is
mounted.  The recording medium that Is mounted on the dise drive 945 may be, for
exampie, a DVD disc (DVD-Video, DVIX-RAM., DVD-R, DVIX-RW, a DVDHR,
DVIRW, ete), a Blu-ray {registered trademark) disc, or the like.

10

LA

341
The selector 946 seiects, at the time of recording a video or a sound. an

encoded bitstrears input from the tuner 941 or the encoder 943, and cutputs the
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setected encoded bitstream to the HDI 944 or the dise drive 945, The selector 946
also outputs, at the time of reproducing a video or a sound, an encoded bitstream
input from the HDID 944 or the disc drive 945 to the decoder 947,

{0535]

The decoder 947 decodes the encoded bitstream, and generates video data
and audio data.  The decoder 947 then outputs the generated video data to the OSD
948, The decoder 904 also outputs the generated audio data to an external speaker,
[0536]

The OSD 948 reproduces the video data nput from the decoder 947, and
displays a video.  The GSD 948 may also superimpose an image of 2 GUI such as o
menu, & butten, and a cursor on a displayed video.
f0537]

The control section 949 includes a processor such as a CPU, and a memory
such as RAM and ROM.  The memory stores a program to be executed by the CPU,
program data, and the tike.  For example, a program stored in the memory is read
out and executed by the CPU at the time of activation of the recording/reproduciion
device 940, The CPU controls the operation of the recording/reproduction device
948, for example, in accordance with an operation signal input from the user I/F 950
by execuling the program.

105381

The user UF 950 is connected to the control section 94%.  The user I/F 950
includes, for example, a button and s switch used for a user o operate the
recording/reproduction device 940, and a receiving section for a remote control
signal.  The user I/F 950 detects an operation made by a nser via these structural
elements, generates an operation signal, and oulputs the generated operation signal to
the control section 949,

[0539]

The encoder 943 has a function of the scalable encoding device 100
according to the embodiment in the recording/reproduction device 940 configured in
this manner. The decoder 947 also has a function of the scalable decoding device

200 accerding to the embodiment,  Thus, when an image is encoded or decoded in
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the recording/reproduction device 940, it is possible to perform a decoding process at
a proper timing.

[0540}

[Fourth Application: Image capturing device}

i 53 illustrates an example of a schematic configuration of an image
capturing device to which the emboediment is applied,  An image capturing device
960 captures an image of a subject to generate an image, encodes the image data, and
records the image data in a recording medium.

[6541]
The image capiuring device 960 includes an optical block 961, an image
capturing section 962, a signal processing section 963, an image processing section
964, a display seclion 905, an external I/F 9006, a memory 967, o media drive 968, an
035D 969, a control section 970, a uger I/F 971, and a bus 872,
163421
The optical block 961 is connected to the image capturing section 962.
The image capiuring section 962 is connected to the signal processing section 963,
The display section 965 is connected to the image processing section 964, The user
VF 971 is connected to the control section 970, The bus 972 connects the image
pi’omf;f;iﬂg, section 964, the external Vi 966, the memory 967, the media drive 968,

OSD 69, and the control section 970 1o each othe

The optical block 961 includes a focus lens, an aperture stop mechanism,
and the like.  The optical block 961 forms an optical image of a subject on an image
capturing surface of the image capturing section 962, The image capluring section
962 mcludes an image sensor such as a charge coupled device {CCIDY and a
complementary metal oxide semiconductor (CMOE), and converts the optical image
formed on the image capturing sorface into an image signal which is an electrical
signal through phetoelectric conversion.  The image capturing section 962 then

outpuis the image signal to the signal processing section 963,

The signal processing section 963 performs various camera signal processes
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such as knee correction, gamma correction, and color correction on the image signal
input from the mage capturing section 962, The signal processing section 963
outputs the image data subjected to the camera signal process to the image
processing section 964.

[0545]

The image processing section 964 encodes the mage data mput from the
signal processing section 963, and generates encoded data.  The image processing
section 964 then outputs the generafed encoded data to the external /F 966 or the
media drive 968, The image processing section 964 also decedes encoded data
input from the external [7F 966 or the media drive 968, and generates image data.
The image processing section 964 then outputs the generated image data to the
display section 965.  The image processing section 964 may also output the image
data input from the signal processing section 963 fo the display section 965, and
cause the image to be displayed.  Furthermore, the bmage processing section 664
may superimpose data for display acquired from the OS> 965 on an image to be
oulput to the display section 965,

[0546]

The OS50 969 generates an image of a GU] such as a meny, & button, and a
cursor, and outputs the generated image t¢ the image processing section 964,

[0547]

The external VF 906 is confipured, for example, as an USB input and ocutput
terminal.  The external ¥/F 966 connects the image capluring device 960 and a
printer, for example, at the time of printing an image. A drive is further connected
to the external I/F 966 as needed. A removable medium such as magnetic disks and
optical discs is mounted on the drive, and a program read out from the removable
meaium may be installed i the image capturing device 960. Furthennore, the
external YF 966 may be configured as a network /P to be connected to a network
such as a LAN and the Inmtemnet.  That s, the exiernal UF 968 serves as a
transmission unit of the image capturing device 960,

[0548]

A recording medium to be mounted on the media drive 968 may be &
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readable and writable removable medium such as magnetic disks, magneto-optical
disks, optical discs, and semiconductor memory.  The recording medium may also
be fixedly mounted on the media drive 968, configuring a non-transportable storage
section such as built-in hard disk drives or a solid state drives (85Ds).

[0549] '

The control section 970 includes a processor such as a CPU, and a memory
such as RAM and ROM.  The memory stores a program to be executed by the CPU,
program dats, and the like. A program stored in the memory is read out and
executed by the CPU, for example, ut the time of activation of the mage capturing
device 960, The CPU controls the operation of the image capturing device 960, for
example, in accordance with an operation signal input from fthe user I/F 971 by
executing the program.

(05501

The user I/F 971 is connected to the control section 978, The user VF 971
includes, for example, a button, a switch, and the like vsed for a user to operate the
image capturing device 966, The user I/F 971 detects an operation made by & user
via these structural elements, generates an operation signal, and outputs the gencrated
operation signal to the control section 970,

105517

The image processing section 964 has a function of the scalable encoding
device 100 and the scalable decoding device 200 according to the embodiment in the
lmage capturing device 960 configured in this manner.  Thus, when an image 18
encoded is decoded in the image capturing device 960, it is possible to perform a
decoding process at a proper liming.

10552]

<9, Application example of scalable video coding™

Nexi, a specific example of using scalable encoded data, in which a scalable
video coding {hierarchical coding) is performed, will be described.  The scalable
video cading, for example, s used for selection of data to be vansmitted as examples

Hostrated i FI1G. 54,
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In a data transmission systern 100G illustrated in FIG 54, a distribution
server 1002 reads scalable encoded data stored in a scalable encoded data storage
section 1001, and distributes the scalable enceded data 1o a terminal device such as a

5 PC 1004, an AV device 1005, a tablet device 1006, or a mobile phone 1007 via a
network 1003,
[0554]
At this time, the distribution server 1002 selects and transmits encoded data
having proper quality according 1o capability of the terminal device, communication
10 environment, or the ltke. Hven when the distribution server 1002 transmits
unnecessarily high-quality data, a high-guality image iz not necessarily obtainable in
the terminal device and it may be a cause of occurrence of a delay or an overflow.
In addition, a communication band may be unmecessarily occupied or a load of the
terminal device may be unnecessarily increased. In contrast, even when the
15 distribution server 1002 transmits uspnecessarily low quality data, an image with a
spificient quaiity may not be obtained.  Thus, the distribution server 1002
appropriately reads and transmits the scalable encoded date stored in the scalable
encoded data storage section 1001 as the encoded data having a proper quality
according to the capability of the terminal device, the communication environment,
20 orthe like. |
[6555]

For example, the scalable encoded data storage section 1001 is confieured
to store scalable encoded data (BLAEL)Y 1011 in which the scalable video coding is
performed.  The scalable encoded data (BLAEL) 1011 is encoded data including

25 both a base layer and an enhancement laver, and is data from which a base laver
image and an enhancement layer image can be obtained by performing decading.
[0356]

The distribution server 1002 selects an appropriate layer according to the

capability of the terminal device for transmitting data, the communication
30 environment, or the like, and reads the data of the sclected layer.  For example, with

respect (o the PC 1004 or the ablel device 1006 having high processing capability,
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the distribution server 1002 reads the scalable encoded data (BL+EL) 1611 from the
scalable encoded data storage section 1001, and transmits the scalable encoded data
(BL+EL) dthout change.  On the other hand, for example, with respect 1o the
AV device 1005 or the mobile phone 1007 having low processing capability, the
distribution server 1002 extracts the data of the base layver from the sealable encoded
data (BL+EL) 1011, and transmits the extracted data of the base laver as low quality
scalable encoded data (BL) 1012 that is data having the same content as the scalable
encaded data (BL+ELY 1011 but has fower guality than the scalable encoded datg
(BLAELY 1011

10557}

Because an amount of data can easily be adjusted by employing the scalable
encoded data, the occurrence of the delay or the overflow can be suppressed or the
unnecessary increase of the load of the terminal device or the communication media
can be suppressed.  In addition, because a redundancy between the layers is reduced
in the scalable encoded data (BL+ELY 1011, it is possible to further reduce the
amount of data than when the encoded data of each layer 15 treated a5 the individual
data.  Therelore, it is possible fo more efficiently use the storage region of the
scalable cncoded data storage section 1001,

[G558]

Because various devices such as the PC 1004 to the mobile phone 1007 are
applicable as the terminal device, the hardware performance of the terminal devices
differs according to the device. In addition, because there are various applications
which are executed by the terminal device, the software performance thereof also
varies.  Further, because all the communication networks inciuding a wired,
wireless, or both such as the Internet and the ocal area notwork {LAN) are applicable
as the network. 1003 serving as a communication medium, the data fransmission-
performance thereof varies.  Further, the data transmission performance may vary
by other communications, or the Hke.

[0559]
Therefore, the distribution server 1002 may perfonm communication with

the terminal device which is the data transmission destination before starting the data
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transmission, and then obtain information related to the terminal device performance
such as hardware performance of the terminal device, or the application (software)
performance which is executed by the terminal device, and information related to the
communication environment such as an available beandwidth of the network 1003,
Then, distribution server 1002 may sclect an appropriate Iaver based on the obtained
information,

[0560]

Also, the extraction of the laver may be performed in the terminal device,
For example, the PC 1004 may decode the transmitied scalable encoded data
(BLFEL} 1011 and display the image of the base layer or display the image of the
enhancement fayer.  In addition, for example, the PC 1004 may be configured to
extract the scalable encoded data (BL) 1012 of the base layer from the transmitted
scalable encoded data (BLAEL) 1011, store the extracted scalable encoded data (BL)
1012 of the base layer, transmit to another device. or decode and display the image of
the haze laver.

[0561]

Of course, the number of the scalable encoded data storage sections 1001,
the distribution servers 1002, the networks 1003, and the terminal devices are
optional.  In addition, although the example of the distribution server 1002
transmitting the data to the terminal device is described above, the example of use is
not Hmited thereto.  The data transmission system 1000 is applicable 1o any system
which selects and transmits an appropriate layer according to the capability of the
termninat device, the communication environment, or the like when the scalable
encoded data 1y wansmitied to the terminal device,

1035621
[Second systein |

In addition, the scalable video coding, for example, is used for transmission

7t

via a plarality of comntunication media as in an example Hlustrated ip FUG 3
[0563]
in a data transmission systemn 1100 illustrated in FIG 55, a broadcasting

staifon 1101 wansmits scalable encoded data (BL) 1121 of the base tayer by
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terrestrial broadeasting 1111, In addition, the broadcasting station 1I0] transmits
scalable encoded data (ELY 122 of the enhancement layer via any arbitrary network
1112 made of a communication network that 15 wired, wireless, or both (for example,
the data is packetized and fransmiited),
(0564}
A terminal device 1102 has a function of receiving the terrestrial

broadeasting 1111 that is broadeast by the breadcasting station 1101 and receives the

scalable encoded data (BL) 1121 of the base layer fransmitted via the ferrestrial
broadeasting 1111, In addition, the terminal device 1102 further has a
communication function by which the communication is performed via the network
1112, and receives the scalable encoded data (EL) 1122 of the enhancement layer
transmitted via the nefwork 1112
0565}

3

TFor example, according to a user’s mstruction or the like, the terminal
device 1102 decodes the scalable encoded data (B1) 1121 of the base layer acquired
via the terrestrial broadeasting 1111, thereby obtaining or storing the Image of the
base layer or transmitting the image of the base layer to other devices,
{0366]

In addition, for example, according to the user's instruction, the terminal
device 1102 combines the scalable encoded data (BL) 1121 of the base layer
acquired via the terrestrial broadeasting 1111 and the scalable encoded data (FL)

b1

I~
)

of the enhancement layer acquired via the network 1112, thereby obtaining the
scalable encoded data (BL+EL), obtaining or storing the image of the enhancement
layer by decoding the scalable encoded data (BLAEL), or transmitting the image of

P

the enhancement layer to other devices.

(G567
As described above, the scalable encoded data, for example, can he
transmitted via the different communication medium for each laver.  Therefore, it is

possible to disperse the lead and suppress the occurrence of the delay or the overfiow.
056381

in addinon, according (o the situation, the communication mediwm used for
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the ransmission for each layer may be configured to be selected. For example, the
scalable encoded data (BL) 1121 of the base fayer in which the amount of data is
comparatively large may be transmitted via the communication medium having a
wide bandwidth, and the scalable encoded data (EL) 1122 of the enhancement layer
i owhich the amount of data is comparatively small may be fransmitted via the
conmmnunication meda having a narrow bandwidth,  In addition, for example,
whether the communication medivn that ransmils the scalable encoded data (8L
1122 of the enhancement layer is the network 112 or the terrestrial broadeasting
1111 may be switched according to the available bandwidth of the network 1112,
Of course, the same 1s true for data of an arbitrary layer.
105697

By controlling in this way, 1t is possible to further suppress the increase of
the load in the data transmission.
(05741

Of course, the number of the layers is optional, and the number of
comumunication meadia used in the transmission is aiso optional.  In addition, the
number of terminal deviees 1102 which ave the destination of the data distribution is
also optional.  Further, although the example of the broadcasting from the
broadeasting station 11071 has been described above, the vse example is not Iimited
thereto.  The data transmission systern 1100 can be applied to any systern which
divides the scalable encoded date using a layer as a unit and transmits the scalable
encoded data via a phuradity of Hnks.
105711

[Third system}

in addition, the scalable video coding is used in the storage of the encoded
dafa as an example lustrated in FIG, 56,
[03721

In an image capturing system 1200 Hlustrated in FIG 56,

capturing device 1201 performs scalable video coding on image data obtained by
capturing an image of a subject 1211, and supplies a scalable videe result as the

scalable encoded data (BL-+ELY 1221 1o & scalable encoded data storage device 1202,
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105731

The scalable encoded data storage device 1202 stores the scalable encoded
data (BLAEL)Y 1221 supplied from the image capturing device 1201 in quality
according to the situation.  For example, in the case of normal circumstances, the
scalable encoded data storage device 1202 extracts data of the base layver from the
scalable encoded data (BLYEL) 1221, and stores the extracted data as scalable
encoded data (BLY 1222 of the base layer having a emall amount of data at low

auality.  On the other hand, for example, in the case of notable circumstances, the

1221 having a large amount of data at ligh quality without change.
[05741

In this way, because the scalable encoded dais storage device 1202 can save
the image al high guality only in a necessary case, it is possible to suppress the
decrease of the value of the image due to the deterioration of the image guality and
suppress the increase of the amount of data, and it is possible to improve the use
etficiency of the storage region.
{0575}

For example, the image capturing device 1201 is assumed to be a motoring
camera.  Because content of the captured image Is unlikely to be important when g
moniforing subject (for example, an invader) is not shown in the imaged Image (in
the case of the normal circumstances), the priority is on the reduction of the amount
of data, and the image data (scalable encoded data) is stored at low guality.  On the
other hand, because the content of the bmaged image 1s likely to be important when a
monitoring farget is shown as the sublect 1211 in the imaged image (in the case of
the notable circumstances), the priority is on the image quality, and the image data
{scatable encoded data) is stored at high quality.
(05761

For example, whether the case is the case of the normal circumsiances or the
notable circumstances may be determined by the scalable encoded data siorage
device 1202 by analvzing the wmage.  In addition, the image capluring device 1201

mav be configured to malke the determination and transmit the determination result to
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]
[

the scalable encoded data storage device 1202,
105771

A determination criterion of whether the case is the case of the normal
circumstances or the notable circinstances is optional and the content of the image
which is the determination coriterion is optional.  OFf course, a condition other than
the content of the image can be designated as the determination criterion.  For
example, switching may be configured o be performed according to the magnitude
or wavetorm of recorded sound, by a predetermined time interval, or by an external
instruction such as the user’s instruction,

H578%

In addition, although the two states of the normal chroumstances and the
notable circumstances have bheen described ahove, the number of the states is
optional, and for example, switching may be configured to be performed among
three or more states such as normal eircumstances, glightly notable circomstances,
notable circumstances, and highly notable circumstances.  However, the upper Hmit
aumber of states to be switched depends upon the number of layers of the scalagble
sncoded data.

[0574]

In addition, the image capturing device 1201 may determine the number of
fayers of the scalable video coding according fo the state,  For example, in the case
of the normal circumstances, the image capturing device 1201 may gencrate the
scalable encoded data (BL)Y 1222 of the base layer having a small amount of data at
low quality and supply the data o the scalable encoded data storage device 1202.
In addition, for example, in the case of the notable circumstances, the image
capturing device 1207 may generate the scalable encoded data (BLAEL) 1221 of the
base layer having a large amount of data at high quality and supply the data fo the
scalable encoded data storage device 1207
1058061

Although the monitoring camera has been described above as the example,
the usage of the image capturing system 1206 is optional and is not fimjted (o the

MOMOring camera,
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(03811

Further, the present technology can also be applied to HTTP streaming such
as MPEG DASH in which appropriate encoded data is selected in units of segments
from among a plurality of pieces of encoded data having different solutions that are
prepared in advance and used.  In other words, g plurality of pleces of encoded data

can share mformation related to encoding or decoding.

Further, in this specification, the example In which various kinds of

information such as the HRD parameter type flag, the HRD parameter, or

butfering period SED and layer buffering pericd SEL are multiplexed inte an

encoded stream and transmitied from the encoding side to the decoding side has been
described.  However, a technique of transmitting the information is not limited to
this example. For example, the information may be ransmitted or recorded as
individual data associated with an encoded bitstream without being multiplexed in
the encoded stream.  Here, the term “associate”™ refers to that an image included in
the bitstream (which may be part of an bmage such a shice or a block) and
information corresponding o the image s configured to be hnked at the time of
decoding.  That is, the information may be transmitied on a separate transmission
path from an image (or bitstream).  In addition, the mformation may be recorded on
a separate recording medium (or a separate recording area of the same recording
medium) from the image (or bitstream}.  Further, the information and the image {or
the bitstream), for example, may be associated with sach other in an arbitrary unjt
such as a plurality of frames, one frame, or a portion within the frame,
[ (G583

The preferred embodiments of the present disclosure have heen deseribed
above with reference to the accompanying drawings, whilst the present invention is
not limited 1o the above examples, of course. A person skilled in the art may find
various alterations and modifications within the scope of the appended claims, and it
should be understood that they will naturally come under the technical scope of the
present disclosure.

[0554]
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Additionally, the present technology may also be configured as below.

An in‘mgé processing device including:

a receiving section configured to receive a bitstream obtained by encoding
an image having at least one layer and buffer management parameter information of
cach layer indicating at least one of that a parameter for managing a decoder buffer is
a parameter for nerforming a decoding process of only a corresponding faver and that
the parameter for managing the decoder bufler Is a parameter for performing a
decoding process of a corresponding laver and a lower layer; and

a decoding section configured fo decode the bitstream received by the

receiving section and generate an Image.

(2
The mmage processing device according to (1),
wherein the fayer includes a laver and a sublayer,
(3)
The image processing device according to {1 or (2),
wherein the layer is a view of multi-view coding,
)
The image processing device according to (1Y or (2},
wherein the layer is a layer of scalable video coding.
(5

The image processing device according to any one of {13 to (4),
wherein the buffer management parameter information is deseribed in
supplemental enhancement information (SED.
(6)

The unage processing devies sccording to any one of (1) to (5),

wherein the buffer mansgement parameter information is deseribed in
butfering period SEL
{7)

The image processing device according to any one of (1) 10 (4),

wherein parameter presence/absence information indicating a presence or
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L

absence of the parameter for managing the decoder buffer serving as the parameter
for performing the decoding process of only the corresponding layer is described in a
vps (video parameter set) _extension.

{8

The image processing device according fo any one of (1) to (7),

wherein the receiving section receives an AVC flag indicating that a layer
lower than the corresponding layer is encoded by MPEG-4 Part10 Advanced VYideo
Coding {AVC) and the buffer management parameter information of each laver
indicating that the parameter for managing the decoder buffer s the parameter for
performing the decoding process of only the corresponding layer,

&)

An image processing method including:

recelving, by an Image processing device, a bitstream obtained by encoding
an image having at least one layer and buffer management parameter information of
each layer indicating at Jeast one of that a parameter for managing a decoder buffer is
a parameter for performing a decoding process of only a corresponding layer and that
the parameter for managing the decoder bufler is a parameter for performing a
decoding process of a corresponding layer and a lower layer; and

decoding, by the Image processing device, the received bitstream and
peneraling an image.

{160y

Arn image processing device including:

a setting section configured to set buffer management parameter information
of each layer indicating af Jeast one of that a parameter for managing a decoder
buffer is a parameter for performing a decoding process of only a corresponding
tlaver and that the parameter for managing the decoder buffer is a parameter for
performing a decoding process of a corresponding layer and a lower layer;

an encoding section configured 1o encode an image having al least one laye
and generate a bitstream; and

a transmitting section configured to transmit the buffer management

narameter information set by the setting section and the bitstream venerated by the
o 3 o~

e
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encoding section,

(1)
The image processing device according 1o {107,
wherein the laver includes a fayer and a sublayer,
(12)
The image processing device according to {10V or (11),
wherein the layer is a view of multi-view coding.
(13)
The image processing device according to {10) or (11),
wherein the layer is a layer of scalable video coding.
(14)

The image processing device according to any one of {(10) to (13),

wherein the buffer management parameter information is deseribed in
supplemental enhancement information {(SEID.
{13)

The image processing device according to any one of {10) to (14),

whereitt the bufler management parameter information s desceibed in
buffering period SEL
{10)

The image processing device according to any one of (10) to {13},

wherein parameter presence/absence information indicating a presence or
absence of the parameter for managing the decoder buffer serving as the parameter
for perfonming the decoding process of only the corresponding layer is described in a
vps {video parameter set) oxtension,
(7

‘Uhe image processing device according to any one of (103 to (16},

wherein the seiting section sets an AVC flag indicating that a laver lower
than the corresponding layer is encoded by MPEG-4 Part1 0 Advanced Video Coding
(AVE) and the bulfer management parameter information of each layer indicating
that the parameter for managing the decader butler is the parameter for performing

the decoding process of only the corresponding laver.



20

]
o

30

SP351652W000

An image processing method including:

setting, by an image processing device, buffer management parameter
information of each laver indicating at least one of that a parameter for managing a
decoder buffer is a parameter for performing a decoding process of only a
corresponding layer and that the parameter for managing the decoder buffer is a
parameter for performing a decoding process of a corresponding fayer and a lower
layer;

encoding, by the image processing device, an image having at least one
laver and generating a bitstream; and

fransmifting, by the Image processing device, the set buffer management

parameter information and the genernted bitstream,

Relerence Signs List

[0585]

100 scalable encoding device

H 1. “ Yo eyl Qb
101 layer image encoding section

1G1-1  base laver image encoding section

10i-2,101-3 enhancement Jayer image encoding section
102 encoding control section

R lossless encoding section

117 accupation butfer

127 HRD type setling section

131 aartial accomulation bulfor

132 whole accumulation buffer

141 layer HRLIY parameter calculating section

142 time layer HRID parameter caleulating section
143 HRD parameter type selting section

144 time HRD parameter type setling section

200 scalable decoding device

201 laver image decoding section
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2011 base tayer image decoding section
201-2,201-3 enhancement layer image decoding section
202 decoding control section

21 accumuiation buffer

212 lossiess decoding section

224 HRIY type decoding section

231 partial accumulation buffer

232 whole sccumulation baffer

241 fayer HRD parameter menitoring section

242 time laver HRD parameter monitoring section
243 HRIY parameter type decoding section

244 thme HRD parameter type decoding section
301 lossless encoding section

302 bulfering period SEI setting section

31 associated parameter set setting section

312 laver set buffer

313 layer buffering pertod SET seifing section

314 laver parameter transmission designating section
351 lossless decoding section

352 buffering period SEI decading section

361 associated parameter set decoding section

362 layer set buffer

363 laver buffering period SEI decoding section
364 layer parameter fransinission receiving section
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CLAIMS
Claim 1
"~ An image processing device comprising:

a receiving section configured to receive a bitstream obtained by encoding
an image having at least one layer and buffer management parameter information of
each layer indicating at least one of that a parameter for managing a decoder buffer is
a parameter for performing a decoding process of only a corresponding layer and that
the parameter for managing the decoder buffer is a parameter for performing a
decoding process of a corresponding layer and a lower layer; and

a decoding section configured to decode the bitstream received by the

receiving section and generate an image.

Clatm 2
The nnage processing device according to claim 1,

wherein the layer includes a layer and a sublayer.

Claim 3
The image processing device according to claim 2,

wherein the laver is a view of multi-view coding.

Claim 4
The image processing device according to claim 2,

wherein the layer is a layer of scalable video coding.

Clatm 5
The image processing device according to claim 1,
wherein the buffer management parameter information is described in

supplemental enhancement information (SEI).

Claim 6

The image processing device according to claim 5,
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wherein the buffer managemeni parameter information is described in

buffering_period SEIL

Claim 7

The image processing device according to claim 1,

wherein parameter presence/absence information indicating a presence or
absence of the parameter for managing the decoder buffer serving as the parameter
for performing the decoding process of only the corresponding layer is described in a

vps (video parameter set) extension.

Claim 8

The image processing device according to claim 1,

wherein the receiving section receives an AVC flag indicating that a layer
lower than the corresponding laver is encoded by MPEG-4 Part1( Advanced Video
Coding (AVC) and the buffer management parameter information of each layer
indicating that the parameter for managing the decoder buffer is the parameter for

petforming the decoding process of only the corresponding layer.

Claim 9

An image processing method cornprising:

recetving, by an image processing device, a bitstream obtained by encoding
an image having at least one layer and buffer management parameter information of
each layer indicating at least one of that a parameter for managing a decoder buffer is
a parameter for performing & decoding process of only a corresponding layer and that
the parameter for managing the decoder buffer is a parameter for performing a
decoding process of a corresponding layer and a lower layer; and

decoding, by the image processing device, the received bitstream and

generating an image.



