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Description

Title of Invention

IMAGE PROCESSING DEVICE AND IMAGE PROCESSING METHOD

Technical Field
[0601]
The present disclosure relates to an image processing device and an image

processing method.

Background Art
[0002]

The standardization of an image coding scheme called High Efficiency
Video Coding (HEVC) by Joint Collaboration Team-Video Coding (JCTVC), which
is a joint standardization organization of ITU-T and ISO/IEC, is currently under way
for the purpose of improving encoding efficiency more than H. 264/AVC {see, for
example, Non-Patent Literature 1 below),

[0003]

HEVC provides not only coding of a single layer but also scalable video
coding, as in known image coding schemes such as MPEG2 and Advanced Video
Coding (AVC) (for example, see Non-Patent Literature 2 below). An HEVC
scalable video coding technology is also called Scalable HEVC (SHVC). In SHVC,
while an enhancement layer is encoded in the HEVC scheme, a base layer may be
encoded in the HEVC scheme or encoded in an image coding scheme other than the
HEVC scheme (for example, the AVC scheme).

[0004]

Generally, scalable video coding refers to a technology for hierarchically
encoding a layer transmitting a rough image signal and a layer transmitting a fine
image signal. Typical attributes hierarchized in the scalable video coding mainly
include the following three:

- Space scalability: Spatial resolutions or image sizes are hierarchized.



10

15

20

25

30

- Time scalability: Frame rates are hierarchized.

- Signal-to-noise ratio (SNR) scalability: SN ratios are hierarchized.

Further, though not yet adopted in the standard, the bit depth scalability and
chroma format scalability are also discussed.

[0005]

In the scalable video coding, coding efficiency can be improved by
encoding a parameter, which can be re-used in layers, in only one layer (for example,
see Non-Patent Literature 3).

Citation List
Non-Patent Literature
[0006]

Non-Patent Literature 1:  “High Efficiency Video Coding (HEVC) text
specification draft 9” by Benjamin Bross, Woo-Jin Han, Jens-Rainer Ohm, Gary T,
Sullivan, Thomas Wiegand (JCTVC-K1003_v9, October 10" to 19®, 2012)

Non-Patent Literature 2: “NAL unit header and parameter set designs for
HEVC extensions” by Jill Boyce, Ye-Kui Wang (JCTVC-K1007, October 10" to 19%,
2012)

Non-Patent Literature 3:  “TE6: Inter-layer syntax prediction from AVC
base layer” by Jill Boyce, Kawamura Kei, Haricharan Lakshman (JCTVC-K1106v2,
October 10" to 19, 2012)

Summary of Invention
Technical Problem
[0007]

According to techniques of scalable video coding proposed so far, however,
many parameters relating to quantization of transform coefficient data after an
orthogonal transform are not reused in layers. In order to optimize coding
efficiency, it is desirable to cause parameters relating to guantization to be reused in
layers if possible. This point applies not only to scalable video coding but also to a
general multi-layer codec that supports inter-layer prediction.  Another example of a

multi-layer codec is a multi-view codec.



Solution to Problem
[0007a]

According to a first aspect of the present invention, there is provided an image
processing device comprising: a control section configured to set, based on a first scaling list
for a first layer, a second scaling list for a second layer decoded with reference to the first
layer; and an inverse quantization section configured to inversely quantize transform

coefficient data of the second layer using the second scaling list set by the control section.

[0007b]

According to a second aspect of the present invention, there is provided an image
processing method comprising the steps of: setting based on a first scaling list for a first
layer, a second scaling list for a second layer decoded with reference to the first layer; and
inversely quantizing transform coefficient data of the second layer using the second scaling

list set by the control section.

[0008]

Disclosed herein is an image processing device including a control section
configured to set, based on a first quantization parameter offset set for a chroma component
of a first layer, a second quantization parameter offset for a chroma component of a second
layer decoded with reference to the first layer, and an inverse quantization section configured
to inversely quantize transform coefficient data of the chroma component of the second layer
using a quantization parameter computed using the second quantization parameter offset set

by the control section.

[0009]
The image processing device mentioned above may be typically realized as an

image decoding device that decodes an image.



[0010]

Disclosed herein is an image processing method including setting, based on a first
quantization parameter offset set for a chroma component of a first layer, a second
quantization parameter offset for a chroma component of a second layer decoded with
reference to the first layer, and inversely quantizing transform coefficient data of the chroma
component of the second layer using a quantization parameter computed using the set second

quantization parameter offset.

[0011]

Disclosed herein is an image processing device including a quantization section
configured to quantize transform coefficient data of a chroma component of a second layer
encoded with reference to a first layer using a given quantization parameter, and an encoding
section configured to encode a second quantization parameter offset of a chroma component
of the second layer computed based on a first quantization parameter offset set for a chroma

component of the first layer and the given quantization parameter.

[0012]
The image processing device mentioned above may be typically realized as an

image encoding device that encodes an image.

[0013]

Disclosed herein is an image processing method including quantizing transform
coefficient data of a chroma component of a second layer encoded with reference to a first
layer using a given quantization parameter, and encoding a second quantization parameter
offset of the chroma component of the second layer computed based on a first quantization
parameter offset set for a chroma component of the first layer and the given quantization

parameter.



4a

Advantageous Effects of Invention
[0014]
According to embodiments of the present invention, in a multi-layer codec,

coding efficiency can be enhanced by reusing a parameter relating to quantization in layers.

Brief Description of Drawings

[0015]

[FIG. 1] FIG. 1 is an illustrative diagram for describing scalable video coding.

[FIG. 2] FIG. 2 is an illustrative diagram for describing granularity of rate control.

[FIG. 3] FIG. 3 is an illustrative diagram showing an example of a relation between
quantization parameters and quantization steps.

[FIG. 4] FIG. 4 is an illustrative diagram showing an example of a referential relation of
blocks in in-CTB prediction and inter-CTB prediction.

[FIG. 5] FIG. 5 is a block diagram showing a schematic configuration of an image encoding
device according to an embodiment.

[FIG. 6] FIG. 6 is a block diagram showing a schematic configuration of an image decoding
device according to an embodiment.

[FIG. 7] FIG. 7 is a block diagram showing an example of a configuration of an EL
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encoding section illustrated in FIG. 5

[FIG. 8] FIG. 8 is a block diagram showing an example of a configuration of a
quantization control section illustrated in FIG. 7.

[FIG. 9A] FIG. 9A is a first illustrative diagram for describing reuse of quantization
matrixes.

[FIG. 9B} FIG. 9B is a second illustrative diagram for describing reuse of
quantization matrixes.

[FIG. 9C] F1G. 9C is a third illustrative diagram for describing reuse of quantization
matrixes.

[FIG. 9D] FIG. 9D is a fourth illustrative diagram for describing reuse of quantization
matrixes.

[FIG. 10] FIG. 10 is a flow chart showing an example of the flow of a schematic
process for encoding according to an embodiment.

[FIG. 11] FIG. 11 is a flow chart showing an example of the flow of a process relating
to quantization in an encoding process of an enhancement layer.

[FIG 12] F1G. 12 is a block diagram showing an example of a configuration of an EL
decoding section illusirated in FIG. 6.

[FIG. 13] FIG. 13 is a block diagram showing an example of a configuration of an
inverse quantization control section illustrated in FIG. 12.

[FIG. 14] FIG. 14 is a flow chart showing an example of the flow of a schematic
process for decoding according to an embodiment.

[FIG. 15] FIG. 15 is a flow chairt showing an example of the flow of a process
relating to inverse quantization in a decoding process on an enhancement layer.

[FIG. 16A} FIG. 16A is a first illustrative diagram for describing an example of
syntax of an enhancement layer that can be employed in an embodiment.

[FIG. 16B] FIG. 16B is a second illustrative diagram for describing an example of
syntax of the enhancement layer that can be employed in an embodiment.

[FIG. 16C] FIG. 16C is a third illustrative diagram for desciibing an examiple of
syntax of the enhancement layer that can be employed in an embodiment.

[FIG. 16D} FIG. 16D is an illustrative diagram for describing a first modified

example of syntax of the enhancement layer.
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[FIG. 16E] FIG. 16E is an illustrative diagram for describing a second modified
example of syntax of the enhancement layer.

[FIG. 17A] FIG. 17A is a first illustrative diagram for describing a combination of
codecs which can be permitted or prohibited.

[FIG. 17B] FIG. 17B is a second illustrative diagram for describing a combination of
codecs which can be permitted or prohibited.

[FIG. 18] FIG 18 is a block diagram showing an example of a schematic
configuration of a television.

[FIG 191 FIG. 19 is a block diagram showing an example of a schematic
configuration of a mobile phone.

[FIG. 20] FIG. 20 is a block diagram showing an example of a schematic
configuration of a recording and reproduction device.

[FIG. 21] FIG. 21 is a block diagram showing an example of a schematic
configuration of an imaging device.

[F1G. 22] FIG. 22 is an illustrative diagram for describing a first example of use of
the scalable video coding.

[FIG. 23] FIG. 23 is an illustrative diagram for describing a second example of use of
the scalable video coding.

[FIG. 24} FIG. 24 is an illustrative diagram for describing a third example of use of
the scalable video coding.

[F1G. 25] FIG. 25 is an illustrative diagram for describing a multi-view codec.

[FIG. 26] FIG. 26 is a block diagram showing a schematic configuration of an image
encoding device for the multi-view codec,

[F1G. 27} FIG. 27 is a block diagram showing a schematic configuration of an image
decoding device for the multi-view codec.

[FIG. 28] FIG. 28 is a block diagram showing an example of a schematic
configuration of a video set.

[FIG. 297 FIG. 29 is a block diagram showing an example of a schematic
configuration of a video processor.

[FIG. 30] FIG. 30 is a block diagram showing another example of the schematic

configuration of the video processor.
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[FIG. 31] FIG 31 is an illustrative diagram showing an overview of a content
reproduction system.

[FIG. 32] FIG. 32 is an illustrative diagram showing an example of the flow of data in
the content reproduction system.

{FIG. 33] FIG. 33 is an illustrative diagram showing a specific example of an MPD.
[FIG. 34] FIG. 34 is a block diagram showing an example of a configuration of a
content server.

[FIG. 35] FIG. 35 is a block diagram showing an example of a configuration of a
content reproduction device.

[FIG. 36] FIG. 36 is a block diagram showing another example of a configuration of a
content server.

[FIG. 37] FIG. 37 is the former half of a sequence diagram showing a basic operation
sequence in a wireless communication system that is formed in a P2P mode of Wi-Fi,
[FIG. 38] FIG. 38 is the latter half of the sequence diagram showing the basic
operation sequence in the wireless communication system that is formed in the P2P
mode of Wi-Fi,

[FIG 39] FIG. 39 is an illustrative diagram showing an example of a frame format of
a MAC frame for an extended operation sequence.

[FIG. 407 FIG. 40 is a sequence diagram showing an extended operation sequence.

Description of Embodiments
[0016]

Hereinafter, preferred embodiments of the present disclosure will be
described in detail with reference to the appended drawings. Note that, in this
specification and the drawings, elements that have substantially the same function
and structure are denoted with the same reference signs, and repeated explanation is
omitted.

[0017]
In addition, description will be provided in the following order.
1. Overview

1-1. Scalable video coding
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1-2. General rate control
I-3. Quantization parameter of a chroma component
1-4. Quantization matrix
1-5. Basic configuration example of an encoder
1-6. Basic configuration example of a decoder
2. Configuration example of an EL encoding section according to an
embodiment
2-1. Overall configuration
2-2. Detailed configuration of a quantization control section
3. Flow of a process for encoding according to an embodiment
3-1. Schematic flow
3-2. Process relating to quantization
4. Configuration example of an EL decoding section according to an
embodiment
4-1. Overall configuration
4-2. Detailed configuration of an inverse quantization control section
5. Flow of a process of decoding according to an embodiment
5-1. Schematic flow
5-2. Process relating to inverse quantization
5-3. Example of syntax
6. Example of a combination of codecs
7. Application example
7-1. Application to various products
7-2. Various uses of scalable video coding
7-3. Application to other codec
7-4, Various mounting levels
7-5. System that uses MPEG-DASH
7-6. System that uses a P2P mode of Wi-Fi
8. Conclusion
f0018]

<i. Overview>
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[1-1. Scalable video coding]

In scalable video coding, a plurality of layers, each containing a series of
images, are encoded. A base layer is a layer encoded first to represent a roughest
image. An encoded stream of the base layer may be independently decoded without
decoding encoded streams of other layers. Layers other than the base layer are
layers called enhancement layers representing finer images. Fncoded streams of the
enbhancement layers are encoded by using information contained in the encoded
stream of the base layer. Therefore, to reproduce an image of an enhancement layer,
encoded streams of both the base layer and the enhancement layer are decoded.
The number of layers handled in the scalable video coding may be any number equal
to or greater than 2. When three layers or more are encoded, the lowest layer is the
base layer and the remaining plural layers are enhancement layers. For an encoded
stream of a higher enhancement layer, information contained in encoded streams of a
lower enhancement layer and the base layer may be used for encoding and decoding.
[0019]

FIG, 1 shows three layers L1, L2, and L3 subjected to scalable video coding.
The layer 1.1 is a base layer and the layers 1.2 and L3 are enhancement layers. Note
that, among various kinds of scalabilities, space scalability is taken as an example
herein. A space resolution ratio of the layer L2 to the layer L1 is 2:1. A space
resolution ratio of the layer L3 to the layer L1 is 4:1. The resolution ratios herein
are merely examples, and for example, a resolution ratio of a non-integer such as
1.5:1 may be used. A block B1 of the layer L1 is a processing unit of an encoding
process in a picture of the base layer. A block B2 of the layer L2 is a processing
unit of an encoding process in a picture of the enhancement layer to which a common
scene to the block B1 is projected. The block B2 corresponds to the block B1 of the
layer L1. A block B3 of the layer L3 is a processing unit of an encoding process in
a picture of the enhancement layer higher than the layers to which the common scene
to the blocks BI and B2 is projected. The block B3 corresponds to the block Bl of
the layer L1 and the block B2 of the layer L2.

F0020]

In such a layer structure, layers in which a common scene is projected have
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a similar image frequency characteristic. For example, when an image of the block
B1 of the layer L1 is flat and a high frequency component thereof is small, there is a
high possibility of an image of the block B2 of the layer L2 also having a small high
frequency component. The same applies to the block B2 of the layer L2 and the
block B3 of the layer L3.

10021]

[1-3. General rate control]

A frequency characteristic of an image affects the number of bits of
transform coefficient data that is generated as a result of an orthogonal transform.
In order to maintain a bit rate of an encoded stream, transform coefficient data is
generally quantized using a greater quantization step if the number of bits of the
transform coefficient data is great. An example of a rate control scheme for
realizing an expected bit rate is expressed in an MPEG?2 test model.  In the MPEG2
test model, an allocated code amount of each picture is first decided based on an
amount of bits allocated to a GOP, a picture type of each picture in the GOP, and
complexity (Global Complexity Measure). In addition, a quantization parameter of
cach macroblock in each picture (quantization scale code) is computed based on an
activity computed for each macroblock and the allocated code amount of the picture.
The activity referred to herein is a type of index expressing complexity of an image.
Note that details of the rate control scheme in the MPEG?2 test model are disclosed at
the following web page.

- Reference URL http://www.mpeg.org/MPEG/MSSG/tm5/Ch1 0/Ch10.html
{00221

In the MPEG2 scheme, however, the above-described quantization scale
code is decided for each macroblock having the size of 16x16 pixels. The
maximum size of a largest coding unit (LCU) corresponding to a macroblock in the
HEVC scheme is 64x64 pixels. As granularity of rate control becomes excessively
large, however, local regions in which a quantization step is improper for complexity
of an image can be generated. For example, in FIG. 2, the result obtained by
computing a normalization activity of the image shown in the upper part with

granularity of 64x64 pixels is shown in the middle part, and the result obtained by



10

15

20

25

11

computing the normalization activity with granularity of 16x16 pixels is shown in
the lower part. Herein, higher activities are shown in white. As understood from
FIG 2, if rate control is performed with granularity of 64x64 pixels, many regions in
which, for example, quantization is performed only using a large quantization step
even though complexity is low, or quantization is performed using a small
quantization step even though complexity is high can be generated.

[0023]

In order to appropriately execute rate control while avoiding such
impropriety resulting from the above-described block sizes, the HEVC scheme
employs a technique of controlling quantization steps in units of blocks that are
smaller than an LCU. To be more specific, referring to syntax of a picture
parameter set (PPS} described in Non-Patent Literature 1 described above, when
cu_gp_delta_enabled_flag is true, the size of a block that is the unit for designating a
quantization step is designated based on size information of diff cu_qp delta_depth.
In reality, since a logarithm of a quantization step is in a proportional relation with a
signal-to-noise (SN) ratio, a quantization parameter is designated for each block,
rather than direct designation of a quantization step. If a quantization step
corresponding to a quantization parameter gp is set to S(gp), a relation between a
quanfization parameter gp and a quantization step S(qp) is defined so that the

quantization step S{qp) satisfies the following expression.

[0024]
[Math 1]
Sgp+a) _,
S(qp) ‘o
[0025]

In the HEVC scheme, values of a variable a=6 and a variable b=2 are
adopted so that ranges of a quantization parameter and a quantization step are
optimized. A relation between quantization parameters gp and quantization steps

S(gp) of this case is illustrated in FIG. 3. As illustrated in FIG, 3, the value of a
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quantization step S(qp) doubles each time the valie of a quantization parameter gp
increases by six.
[0026]

A quantization parameter is actually designated using a combination of a
plurality of quantization relevant parameters. Referring to the syntax described in
Non-Patent Literature 1 described above, quantization parameters are initialized
using parameters of pic_init_gp_minus26 in a PPS and slice gqp delta in a slice
header (SliceQPy = 26 + pic_init gp_minus26 + slice qp delta). Quantization
parameters of individual coding units (CU) are predicted from the quantization
parameter of one of an upper adjacent CU and a left adjacent CU or the quantization
parameters of both of them (in-CTB prediction), or predicted from a quantization
parameter of the previous CU in a decoding order (inter-CTB prediction). In FIG, 4,
a referential relation in prediction of quantization parameters in coding tree blocks
(CTBs) and between CTBs is exemplified. In in-CTB prediction in which both of
an upper adjacent CU and a left adjacent CU can be referred to, a predicted value of
a quantization parameter is equal to the average value ((TopQP + LeftQP + 1) >> 1)
of the quantization parameters of the upper adjacent CU and the left adjacent CU
(TopQP and LeftQP). In addition, by adding residuals indicated by
cu_gp delta_abs and cu_qgp delta sign in a transform unit (TU) to the predicted
value, the values of individual quantization parameters are computed.

[0027]

[1-3. Quantization parameter of a chroma component]

The quantization parameter computation technique described in the above
section is mainly a technique regarding a quantization parameter of a luma
component. With regard to a chroma component, by adding an offset to a
quantization parameter of a luma component, a quantization parameter that is
adjusted for the chroma component can be used. Referring to the syntax described
in Non-Patent Literature I described above, an offset of a quantization parameter of a
chroma component is designated based on pic_cb_gp_offset and pic_cr_gp_offset in
a PPS and slice_cb_gp offset and slice_cr_gp offset in a slice header. The sum of

pic_ch_gp_offset and slice cb_gp_offset is the offset of the quantization parameter
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of a Cb component, and the sum of pic_cr_gp_offset and slice cr_gp offset is the
offset of the quantization parameter of a Cr component.
[0028]

Note that a specific expression of a relation between a quantization
parameter of a luma component and a quantization parameter of a chroma
component in the HEVC scheme is described in Non-Patent Literature 1 described
above. As a difference from the AVC scheme, when offsets of a Cb component and
a Cr component are equal to each other in the AVC scheme, only one
chroma_qp_index_offset is encoded in a PPS. On the other hand, in the HEVC
scheme, respective offsets of a Cb component and a Cr component are encoded in a
PPS and a slice header as described above. Thus, a quantization parameter of a
chroma component can be flexibly adjusted in units of slices in the HEVC scheme.
In addition, white the upper value of a quantization parameter of a chroma
component is 39 in the AVC scheme, the upper value of a quantization parameter of a
chroma component is 51, which is the same as a luma component in the HEVC
scheme. Thus, in the HEVC scheme, overflow of a hypothetical reference decoder
(HRD) buffer is easily avoided by reducing an information amount of transform
coefficient data of a chroma component.

[0029]

[1-4. Quantization matrix]

A quantization matrix (which is also referred to as a scaling list) is a
technology introduced to quantize high frequency components more coarsely than
low frequency components using charactetistics of vision of human beings, who
have difficulty perceiving high fiequency components of an image. When a
quantization matrix is used, a quantization step scaled with values of respective
elements of the quantization matrix is used to perform quantization and inverse
quantization on transform coefficient data, instead of the quantization step itself
corresponding to the quantization parameter described in the above section. [n the
AVC scheme, quantization matrixes each having the sizes of 4x4 pixels and 8x8
pixels can be used.  On the other hand, in the HEVC scheme, quantization matrixes

each having the sizes of 4x4 pixels, 8x8 pixels, 16x16 pixels, and 32x32 pixels can
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be used. Inthe HEVC scheme, however, quantization matrixes of 16x16 pixels and
32x32 pixels are each encoded in the size of 8x8 pixels, excluding DC components
in order to reduce a code amount, and are up-sampled by zero-order hold from the
size of 8x8 pixels uponuse. The DC components are separately encoded.

[0630]

As described above, various parameters relating to quantization are encoded
in the current specification of the HEVC scheme. Here, frequency characteristics of
an image are similar in layers as described above. In addition, such a frequency
characteristic of an image affects the number of bits of transform coefficient data,
and the number of bits is controlled by quantization. Thus, by controlling
quantization of a base layer and an enhancement layer in scalable video coding using
common parameters to layers, appropriate rate control is expected to be able to be
realized and a code amount of a parameter relating to quantization to be reduced.
Thus, embodiments of an image processing device that enables a parameter relating
to quantization to be reused in layers will be described in detail in the following
sections.

[0031]

[1-5. Basic configuration example of an encoder]

FIG. 5 is a block diagram showing a schematic configuration of an image
encoding device 10 according to an embodiment supporting scalable video coding.
Referring to FIG. 5, the image encoding device 10 includes a base layer (BL)
encoding section la, an enhancement layer (EL) encoding section 1b, a common
memory 2, and a multiplexing section 3.

[0032]

The BL encoding section la encodes a base layer image to generate an
encoded stream of the base layer. The EL encoding section 1b encodes an
enhancement layer image to generate an encoded stream of an enhancement layer.
The common memory 2 stores information commonly used between layers. The
multiplexing section 3 multiplexes an encoded stream of the base layer generated by
the BL. encoding section la and an encoded stream of one or more enhancement

layers generated by the EL encoding section 1b to generate a multilayer multiplexed
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[0033]

[1-6. Basic configuration example of a decoder]

FIG. 6 is a block diagram showing a schematic configuration of an image
decoding device 60 according to an embodiment supporting scalable video coding.
Referring to FIG, 6, the image decoding device 60 includes a demultipiexing section
5, a base layer (BL) decoding section 6a, an enhancement layer (EL) decoding
section 6b, and a common memory 7.

[0034]

The demultiplexing section 5 demultiplexes a multilayer multiplexed stream
into an encoded stream of the base layer and an encoded stream of one or more
enhancement layers. The BL decoding section 6a decodes a base layer image from
an encoded stream of the base layer. The EL decoding section 6b decodes an
enhancement layer image from an encoded stream of an enhancement layer. The
common memory 7 stores information commonly used between layers,

[0035]

In the image encoding device 10 illustrated in FIG. 5, the configuration of
the BL encoding section la to encode the base layer and that of the EL encoding
section 1b to encode an enhancement layer are similar to each other. Some
parameters generated or acquired by the BL encoding section 1a may be buffered by
using the common memory 2 and reused by the EL encoding section 1b.  In the next
section, such a configuration of the EL encoding section 1b will be described in
detail.

[0036]

Similarly, in the image decoding device 60 illustrated in FIG. 6, the
configuration of the BL decoding section 6a to decode thie base layer and that of the
EL decoding section 6b to decode an enhancement layer are similar to each other.
Some parameters generated or acquired by the BL decoding section 6a may be
buffered by using the common memory 7 and reused by the EL decoding section 6b.
Further in the next section, such a configuration of the EL decoding section 6b will

be described in detail.
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[0037]
<2. Configuration example of an EL encoding section according to an embodiment>

[2-1. Overall configuration]

FIG. 7 is a block diagram showing an example of the configuration of the
EL encoding section 1b illustrated in FIG. 5. Referring to FIG. 7, the EL encoding
section 1b includes a sorting buffer 11, a subtraction section 13, an orthogonal
transform section 14, a quantization section 15, a lossless encoding section 16, an
accumulation buffer 17, a rate control section 18, an inverse quantization section 21,
an inverse orthogonal transform section 22, an addition section 23, a deblock filter 24,
a frame memory 235, selectors 26 and 27, an intra prediction section 30, an inter
prediction section 35, and a quantization control section 40.

[0038]

The sorting buffer 11 sorts the images included in the series of image data.
After sorting the images according to a GOP (Group of Pictures) structure according
to the encoding process, the sorting buffer 11 outputs the image data which has been
sorted to the subtraction section 13, the intra prediction section 30, and the inter
prediction section 35.

[0039]

The image data input from the sorting buffer 11 and predicted image data
input by the intra prediction section 30 or the inter prediction section 35 to be
described later are supplied to the subtraction section 13. The subtraction section
13 computes predicted error data which is a difference between the image data input
from the sorting buffer 11 and the predicted image data and outputs the computed
predicted error data to the orthogonal transform section 14.

[0040]

The orthogonal transform section 14 performs orthogonal transform on the
predicted error data input from the subtraction section 13. The orthogonal
transform to be performed by the orthogonal transform section 14 may be discrete
cosine transform (DCT) or Karhunen-Loeve transform, for example. The
orthogonal transform section 14 outputs transform coefficient data acquired by the

orthogonal transform process to the quantization section 15.
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10041]

The quantization section 15 receives the transform coefficient data from the
orthogonal transform section 14 and receives a quantization parameter from the
quantization control section 40 to be described later. The quantization section 15
can also receive a quantization matrix from the quantization control section 40.
Using a quantization step decided from the input quantization parameter (and the
quantization matrix), the quantization section 15 quantizes the transform coefficient
data of an enhancement layer and thereby generates quantized data (quantized
transform coefficient data)., Then, the quantization section 15 outputs the quantized
data to the lossless encoding section 16 and the inverse guantization section 21.
[0042]

The lossless encoding section 16 performs a lossless encoding process on
the quantized data input from the quantization section 15 to generate an encoded
stream of the enhancement layer.  The lossless encoding section 16 encodes various
parameters referred to when the encoded stream is decoded and jnserts the encoded
parameters into a header region of the encoded stream. The parameters encoded by
the lossless encoding section 16 can include information regarding intra prediction to
be described later, information regarding inter prediction, and quantization relevant
parameters. Then, the lossless encoding section 16 outputs the generated encoded
stream to the accumulation buffer 17.

[0043]

The accumulation buffer 17 temporarily accumulales the encoded stream
input from the lossless encoding section 16 using a storage medium such as a
semiconductor memory. Then, the accumulation buffer 17 outputs the accumulated
encoded stream to a transmission section that is not shown (for example, a
communication interface or a connection interface to peripheral devices) at a rate in
accordance with the band of a transmission path.

[00441

The rate control section 18 monitors vacant capacity of the accumulation

buffer 17. Then the rate control section 18 generates a rate control signal according

to the vacant capacity of the accumulation buffer 17 and outputs the generated rate
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control signal to the quantization control section 40. The rafe control section 18
may control the rate of the encoded stream according to the same rate control scheme
as the above-described MPEG2 test model and other rate control schemes. The rate
control signal output to the quantization control section 40 can include the
quantization parameter and the quantization matrix.

[0045]

The inverse quantization section 21, the inverse orthogonal transform
section 22, and the addition section 23 constitute a local decoder. The inverse
quantization section 21 receives the quantized data from the quantization section 15
and receives the gquantization parameter from the quantization control section 40 to
be described later. The inverse quantization section 21 can also receive the
quantization matrix from the quantization control section 40. The inverse
quantization section 21 performs inverse quantization on the quantized data of the
enhancement layer to restore the transform coefficient data using the guantization
step decided from the input quantization parameter (and the quantization matrix),
Then the inverse quantization section 21 outputs the restored transform coefficient
data to the inverse orthogonal transform section 22.

[0046]

The inverse orthogonal transform section 22 restores predicted error data by
performing an inverse orthogonal transform process on the transform coefficient data
input from the inverse quantization section 21. Then, the inverse orthogonal
transform section 22 outputs the restored predicted error data to the addition section
23.

[0047]

The addition section 23 adds the restored predicted error data input from the
inverse orthogonal transform section 22 and the predicted image data input from the
intra prediction section 30 or the inter prediction section 35 to thereby generale
decoded image data (reconstructed image of the enhancement layer). Then, the
addition section 23 outputs the generated decoded image data to the deblock filter 24
and the frame memory 25.

[0048]



10

15

20

25

30

19

The deblock filter 24 performs a filtering process for reducing block
distortion that occurs during encoding of an image. The deblock filter 24 performs
filtering on the decoded image data input from the addition section 23 to remove
block distortion, and then outputs the filtered decoded image data to the frame
memory 25.

[0049]

The frame memory 25 stores the decoded image data input from the
addition section 23 and the filtered decoded image data input from the deblock filter
24 using a storage mediwm.

[0050]

The selector 26 reads the decoded image data before the filtering used for
the intra prediction from the frame memory 25 and supplies the read decoded image
data as reference image data to the intra prediction section 30. Further, the selector
26 reads the filtered decoded image data used for the inter prediction from the frame
memory 25 and supplies the read decoded image data as reference image data to the
inter prediction section 35,

[0051]

In the intra prediction mode, the selector 27 outputs predicted image data as
a result of intra prediction output from the intra prediction section 30 to the
subtraction section 13 and also outputs information about the intra prediction to the
lossless encoding section 16.  Further, in the inter prediction mode, the selector 27
outputs predicted image data as a result of inter prediction output from the inter
prediction section 35 to the subtraction section 13 and also outputs information about
the inter prediction to the lossless encoding section 16.  The selector 27 switches the
inter prediction mode and the intra prediction mode in accordance with the
magnitude of a cost function value.

[0052]

The intra prediction section 30 performs an intra prediction process on each
prediction unit (PU) of the HEVC scheme based on the original image data and the
decoded image data of the enhancement layer. For example, the intra prediction

section 30 evaluates a prediction result according to each candidate mode in a
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prediction mode set using a predetermined cost function. Next, the intra prediction
section 30 selects a prediction mode in which a cost funciion value is the minimum,
i.e., a prediction mode in which a compression ratio is the highest, as an optimum
prediction mode. In addition, the intra prediction section 30 generates predicted
image data of the enhancement layer according to the optimum prediction mode.
Further, the intra prediction section 30 outputs information regarding the intra
prediction including prediction mode information indicating the selected optimum
prediction mode, the cost function value, and the predicted image data to the selector
27.

[0053]

The inter prediction section 35 performs an inter prediction process on each
prediction umit of the HEVC scheme based on the original image data and the
decoded image data of the enhancement layer. For example, the inter prediction
section 35 evaluates a prediction result according to each candidate mode in a
prediction mode set using a predetermined cost function. Next, the inter prediction
section 35 selects a prediction mode in which a cost function value is the minimum,
i.e, a prediction mode in which a compression ratio is the highest, as an optimum
prediction mode. In addition, the inter prediction section 35 generates predicted
image data of the enhancement layer according to the optimum prediction mode.
Further, the inter prediction section 35 outputs information regarding the inter
prediction including prediction mode information and motion information indicating
the selected optimum prediction mode, the cost function value, and the predicted
image data to the selector 27.

[0054]

The quantization control section 40 controls a quantization process and an
inverse quantization process performed in the EL encoding section 1b using
information buffered by the common memory 2. In addition, the quantization
control section 40 generates a quantization relevant parameter. In the present
embodiment, the quantization relevani parameter generated by the quantization
control section 40 can include a parameter used when deciding a quantization

parameter and a parameter used when deciding a quantization matrix. In the
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present specification, the parameter used when deciding a guantization parameter
will be referred to as a quantization parameter (QP) parameter, and the parameter
used when deciding a quantization matrix will be referred to as a scaling list (SL)
parameter.

[0053]

A QP parameter mainly includes a parameter group relating to luma
components and a parameter group relating to chroma components.  As an exampie,
the parameter group relating to luma components can include pic_init gp minus26
that is a parameter of a picture unit, slice_gp_delta that is a parameter of a slice unit,
and cu_qp delta_abs and cu_gp_delta_sign that are parameters of a CU unit. The
parameter group relating to chroma components can include slice_c¢bE_qp_offset and
slice_crE_gp_offset that are parameters of the slice unit. pic_cb_gp offset and
pic_cr_gp offset that are parameters of the picture unit relating to chroma
componenis generated in a known technique are not generated in the present
embodiment.

[0056]

When a guantization matrix set in a base layer is not reused in an
enhancement layer, an SL parameter which designates quantization matrixes having
one or more sizes to be set for the enhancement layer is generated. When a
quantization matrix is reused in layers, if the base layer is encoded in the HEVC
scheme, the SL parameter may not be generated. When quantization matrixes are
reused in layers, if the base layer is encoded in the AVC scheme, the SL parameter
which designates quantization matrixes having the sizes of 16x16 pixels and 32x32
pixels to be set for the enhancement layer can be generated. When quanfization
matrixes are reused in layers, a flag that indicates reuse of the quantization matrix
and information that indicates a layer whose quantization matrix should be reused
may be generated as the SL parameter.

{00577

Note that a quantization step {or a quantization parameter) that is actually

used for quantizing and inversely quantizing transform coefficient data may be

designated based on, for exarmple, a rate control signal input from the rate control
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section 18.  Instead, a quantization step (or a quantization parameter) that is actually
used may be designated in advance by a user.
[0058]

[2-2. Detailed configuration of a quantization control section|]

FIG. 8 is a block diagram showing an example of a configuration of the
quantization control section 40 illustrated in FIG. 7. Referring to FIG. 8, the
quantization control section 40 has a QP setting section 41, a QP parameter
generation section 42, an SL selting section 43, and an SL parameter generation
section 44.

[0059]

(1) QP setting section

The QP setting section 41 sets quantization parameters that are actually used
by the quantization section 15 when quantizing transform coefficient data of a luma
component and chroma components of an enhancement layer for respective blocks of
the enhancement layer. The quantization parameters set by the QP setting section
41 are also used when the inverse quantization section 21 inversely quantizes
quantized data. Here, a block can have a size that is equal to or smalier than that of
an LCU. For example, the QP setting section 41 may set a quantization parameter
of the luma component (Y) and quantization parameters of chroma components (Cb
and Cr) according to a rate control signal input from the rate control section 18.
Instead, the QP setting section 41 may set a guantization parameter of the luma
component and quantization parameters of the chroma components designated in
advance by a user. Then, the QP setting section 41 outputs the quantization
parameters (QP (EL)) set for the respective blocks of the enhancement layer to the
quantization section 15, the inverse quantization section 21, and the QP parameter
generation section 42,

[00660]

(2) QP parameter generation section

The QP parameter generation section 42 generates a QP parameter of an
enhancement layer based on the quantization parameters of the enhancement layer

input from the QP setting section 41 and a QP parameter of the base layer buffered
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by the common memory 2. A QP parameter of the luma component may be
generated according to the specification described in Non-Patent Literature 1
described above.

[0061]

For example, when the base layer is encoded in the HEVC scheme, the QP
parameter of the Cb component of the base layer can include pic_cb_gp_offset and
slice_cb_qgp_offset. When a quantization parameter offset corresponding to a given
quantization parameter that is actually used for the Cb component of the
enhancement layer is set to cbE_gp_offset, the QP parameter slice_cbE_gp_offset of
the Cb component of the enhancement layer may be generated according to, for
example, the following expression:

[0062]
[Math 2]

slice _cbE _qp offset
=cbE _gp _offset —cbB _gqp _offset
=cbE _qp _offset —(pic _cb_gp _offset +slice_cb_qp _offset)

[0063]

Likewise, when the base layer is encoded in the HEVC scheme, the QP
parameter of the Cr component of the base layer can include pic_cr gqp offset and
slice_cr_gp_offset. When a quantization parameter offset corresponding to a given
quantization parameter that is actually used for the Cr component of the
enhancement layer is set to crtE_qgp_offset, the QP parameter slice crB_qp offset of
the Cr component of the enhancement layer may be generated according to, for
example, the following expression:

[0064]
[Math 3]

(2}
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slice _crE _gp offset

=crE _qp _offset —crB _qp offset
=crk _qp _offset —(pic _cr _qp _offset +slice _cr _gp _offset)

[0065]

According to the expressions (2) and (3), the QP parameters
slice_cbE_qp_offset and slice_crE gp offset generated by the QP parameter
generation section 42 are equal to the difference between the quantization parameter
offset (cbE_gp_offset/crE_gp_offset) of the enhancement layer and the quantization
parameter offset (cbB_gp_offset/crB_qp_offset) of the base layer. Here, the
quantization parameter offset (cbB_qp_offset/crB_qp_offset) of the base layer is the
sum of an offset of the picture unit and an offset of the slice unit.

[0066]

In order to generate the QP parameters slice cbE gp offset and
slice_crE_gp_offset, the following expressions (4) and (5) may be used, instead of
the expressions (2) and (3).

[0067)
[Math 4]

slice _cbE _qp _offset =cbE _qp _offset — pic_cb _qgp _offset

slice _crE _qp _offset =crE _gp _offset ~ pic_cr _qp _offset

[0068]

According to the expressions (4) and (5), the QP parameters
slice_cbE_gp_offset and slice ¢rE qp offset generated by the QP parameter
generation section 42 is equal to the difference between the quantization parameter
offset of the enhancement layer and the quantization parameter offset
(pic_cb_gp_offset /pic_cr_gp_offset) of the picture unit of the base layer,

[0069]
When the base layer is encoded in the AVC scheme, the QP parameters of

the chroma components of the base layer do not include the quantization parameter

(3)

(4)
(5)
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offset of the slice unit, but can include chroma gp index offset and
second_chroma gp index offset of the picture unit. When there is no
second chroma_gp_index_offset, the QP parameters slice ¢cbE _qp offset and
slice_crE_gp offset of the enhancement layer can be respectively generated
according to, for example, the following expressions {6} and (7).

[0070]

[Math 5]

slice _c¢bE _qp _offset = cbE _qp _ offset —chroma _qp _index _ offset

slice_crE _gp _offset =crE _qp _offset ~chroma _qp _index _offset

[0071]
When there is second chroma gp index offset, the above-described
expression (7) is replaced by the following expression (8).
[0072]
fMath 6]

slice_crE _gp _offsett

=crE _qp offset —second chroma qp index offset

[0073]

The QP parameter generation section 42 outputs the QP parameters
slice_cbE_gp_offset and slice crE gp offset of the enhancement layer generated as
above to the lossless encoding section 16,

[0074]

Note that the technology is not limited to the above example, and the
quantization control section 40 may not reuse the QP parameters in the layers. In
addition, the QP parameter generation section 42 may generate a QP parameter reuse
flag that indicates whether the QP parameters of the chroma components should be
reused in the layers, i.e., a quantization parameter offset of the enhancement layer

should be set based on the quantization parameter offset of the base layer. The QP
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parameter reuse flag is typically encoded in a PPS by the lossless encoding section
16. When the QP parameter reuse flag indicates “true,” only slice cbE_gp offset
and slice_crE_gp_offset of the slice unit of the enhancement layer can be encoded
within the slice header. When the QP parameter reuse flag indicates “false,”
pic_cb_gp_offset and pic_cr_gp_offset of the picture unit of the enhancement layer
can be enceded in the PPS.
[0075]

(3) SL setting section

The SL setting section 43 sets quantization matrixes that can be actually
used by the quantization section 15 when quantizing the transform coefficient data of
the lama component and the chroma components of an enhancement layer for
respective blocks of the enhancement layer. The quantization matrixes set by the
SL setting section 43 can also be used when the inverse quantization section 21
inversely quantizes quantized data. For example, the SL setting section 43 may set
respective quantization matrixes having the sizes of 4x4 pixels, 8x8 pixels, 16x16
pixels, and 32x32 pixels of respective (intra and inter) prediction modes of the
respective color components (Y, Cb, and Cr) according to a rate control signal input
from the rate control section 18. Instead, the SL setting section 43 may set
quantization matrixes designated in advance by a user. Then, the SL setting section
43 outputs the quantization matrixes (SL (EL)) set for the respective blocks of the
enhancement layer to the quantization section 15, the inverse quantization section 21,
and the SL parameter generation section 44, |
[0076]

(4) SL parameter generation section

When quantization matrixes are reused in the layers, a process performed by
the SL parameter generation section 44 is different depending on whether or not the
base layer is encoded in the HEVC scheme. According to Non-Patent Literature 2
described above, whether or not the base layer is encoded in the HEVC scheme is
indicated by a flag avc_base_layer flag that is encoded in a video parameter set
(VPS). FIGS. 9A to YD are illustrative diagrams for describing reuse of

quantization matrixes,



(931

10

20

30

27

[0077]

In the example of FIG. 9A, the base layer is encoded in the HEVC scheme.
In this case, quantization matrixes having the sizes of 4x4 pixels, 8x8 pixels, 16x16
pixels, and 32x32 pixels are set in the base layer. Thus, because the quantization
matrixes may be reused in the enhancement layer, the SL parameter generation
section 44 does not generate an SL parameter of the enhancement layer. This
means that the lossless encoding section 16 does not encode a quantization matrix of
the enhancement layer. Note that, in the base layer, SL parameters that designate
the quantization matrixes are each generated using a techmique such as zigzag
scanning. The SL parameters for the quantization matrixes having the size of
16x16 pixels and 32x32 pixels, however, are generated after down-sampling the
quantization matrixes to have the size of 8x8 pixels (the shaded portion in the
drawing}.
{0078]

In the example of FIG. 9B, the base layer is encoded in the AVC scheme.
In this case, the quantization matrixes having the sizes of 4x4 pixels and 8x8 pixels
are set for respective blocks in the base layer, and reused in the enhancement layer.
Thus, the SL parameter generation section 44 does not generate an SI. parameter that
designates the quantization matrixes having the sizes of 4x4 pixels and 8x8 pixels.
On the other hand, the quantization matrixes having the sizes of 16x16 pixels and
32x32 pixels are not set in the base layer. Thus, the SL parameter generation
section 44 generates SL parameters that designate the quantization matrixes having
the sizes of 16x16 pixels and 32x32 pixels of the enhancement layer set by the SL
setting section 43. Note that these SI. parameters are generated after down-
sampling each quantization matrix to have the size of 8x8 pixels (the shaded portion
in the drawing).
[0079]

In the example of FIG. 9C, the base layer is encoded in the AVC scheme.
Different from the example of FIG. 9B, the quantization mairixes of the base layer
are not reused in the enhancement layer regardless of their sizes. Thus, the SL

parameter generation section 44 generates SL. parameters which designate the
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quantization matrixes having the sizes of 4x4 pixels, 8x8 pixels, 16x16 pixels, and
32x32 pixels of the enhancement layer set by the SL setting section 43.  Note that
the SL parameters for the quantization matrixes having the sizes of 16x16 pixels and
32x32 pixels are generated after down-sampling each quantization matrix to have the
size of 8x8 pixels.

[0080]

According to the technique exemplified in FIG 9B, since gquantization
matrixes can be reused regardless of an image coding scheme, a code amount
necessary for designating the quantization matrixes can be minimized. On the other
hand, according to the technique illustrated in FIG. 9C, the quantization malrixes are
reused only in the layers whose image coding scheme is the same. In the latter case,
coding efficiency can be enhanced by reusing an optimum quantization matrix to an
extent possible while the quantization matrix that is suitable for the characteristic of
the image coding scheme is used.

[0081]

In the HEVC scheme, there can be one or more subordinate layers in a
certain enhancement layer. Thus, an SL parameter generated by the SL parameter
generation section 44 may include reference layer information which designates a
layer whose guantization matrix should be reused. In the example of FIG. 9D, a
layer BLO and a layer BL1 are superior layers of an enhancement layer EL2, and are
commonly encoded in the HEVC scheme. In the enhancement layer EL2, the
quantization matrixes having the sizes of 4x4 pixels and 8x8 pixels are reused in the
layer BLO. In addition, the quantization matrixes having the sizes of 16x16 pixels
and 32x32 pixels are reused in the layer BL1. Thus, the reference layer information
(ref layer) generated by the SL parameter generation section 44 designates the layer
BLG with respect to the sizes of 4x4 pixels and 8x8 pixels, and the layer BL1 with
respect to the sizes of 16x16 pixels and 32x32 pixels. The reference layer
information may be separately generated and encoded according to the different sizes
and different types of the quantization matrixes (a combination of a color component
and a (intra or inter) prediction mode). Instead, a single kind of reference layer

information common for a plurality of sizes or a plurality of types may be generated
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and encoded.
[0082] _

When a quantization matrix of a certain size and type is not reused in layers,
the SL parameter generation section 44 generates an SI. parameter which designates
a quantization matrix that is unique to an enhancement layer of the size and type set
by the SL setting section 43.

[0083]

When the SL parameter of the enhancement layer is generated, the SL
setting section 43 outputs the generated SL parameter to the lossless encoding section
16.

[0084]

Note that the quantization control section 40 may not reuse a quantization
matrix in the layers as described above. The SL parameter generation section 44
may genecrate a quantization matrix reuse flag which indicates whether the
quantization matrix should be reused in the layers, i.e., whether a quantization matrix
of the enhancement layer should be generated based on the quantization matrix of the
base layer. The quantization matrix reuse flag is typically encoded within an SPS or
a PPS by the lossless encoding section 16.  When the quantization matrix reuse flag
indicates “frue,” a quantization matrix of the enhancement layer is duplicated or
predicted from the quantization matrix of the base layer. A residual of the
prediction of the quantization matrix may be additionally encoded in the
enhancement layer. The SL parameter generation section 44 may generate a setting
technique flag for setting a quantization matrix of the enhancement layer. The
setting technique flag can indicate either duplication or prediction. The SL
parameter generation section 44 may separately generate such a quantization matrix
reuse flag and setting technique flag for different sizes or different types of
quantization matrixes.

[0085]
<3. Flow of a process for encoding according to an embodiment>
[3-1. Schematic flow]

FIG. 10 is a flow chart showing an example of a schematic process flow for
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encoding according to an embodiment. For the sake of brevity of description,
process steps that are not directly related to the technology according to the present
disclosure are omitted from the drawing.

100867

Referring to FIG. 10, the BL encoding section la first performs an encoding
process for a base layer to generate an encoded stream of the base layer (Step S11).
[0087]

The common memory 2 buffers quantization relevant parameters generated
in the encoding process of the base layer (Step S12). Here, the buffered
quantization relevant parameters can include quantization parameter offsets of the
chroma components set for each block of the base layer and a quantization matrix.
[0088]

Next, the EL encoding section 1b executes an encoding process of an
enhancement layer using the information buffered by the common memory 2 to
generate an encoded stream of the enhancement layer (Step $13).

[0089]

Then, the multiplexing section 4 multiplexes the encoded stream of the base
layer generated by the BL encoding section la and the encoded stream of the
enhancement layer generated by the EL encoding section 1b to generate a multilayer
multiplexed stream (Step S14).

[0090]

{3-2. Process relating to quaniization]

FI1G. 11 is a flow chart showing an example of the flow of a process relating
to quantization in the encoding process of the enhancement layer (Step 813 of FIG.
10). The process described in FIG. 11 can be repeated for each slice within, for
example, an enhancement layer image.

[0091]

Referring to FIG 11, the QP setting section 41 first sets quantization
parameters of respective color components that are decided by the rate control
section I8 or designated by a user for respective blocks of a slice (Step S21). In

addition, the SL setting section 43 sets one or more quantization matrixes which are
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decided by the rate control section 18 or designated by the user for the respective
blocks of the slice (Step S22).
f0092]

Next, the QP parameter generation section 42 generates QP parameters of
the enhancement layer based on the quantization parameters set for the enhancement
layer by the QP setting section 41 using the information buffered by the common
memory 2 (Step S23). For example, as the QP parameters of the chroma
components, the QP parameter generation section 42 generates quantization
parameter offset differences slice_cbE_qp offset and slice_crE_qgp_offset according
to the above-described expressions (2) and (3) or (4) and (5).

[0093]

In addition, the SI. parameter generation section 44 determines whether or
not the quantization matrixes are reused in the layers (Step S24). When the
quantization matrixes are reused in the layers, the SL parameter generation section
44 further determines whether or not the encoding scheme of the base layer is the
HEVC scheme (Step S25). When the quantization matrixes are not reused in the
layers, or when the encoding scheme of the base layer is not the HEVC scheme, the
SL parameter generation section 44 generates SL parameters of the enhancement
layer (Step S26). For example, when the quantization matrixes are not reused in the
layers, the SL parameter generation section 44 can generate SL parameters that
designate all necessary quantization matrixes of the enhancement layer. In addition,
when the quantization matrixes are reused in the layers, and when the encoding
scheme of the base layer is the AVC scheme, the SL parameter generation section 44
can generate SL parameters which designate quantization matrixes having the size of
16x16 pixels and 32x32 pixels of the enhancement layer.

[0094]

Next, the quantization section 15 quantizes transform coefficient data of the
enhancement layer to generate quantized data using a quantization step decided from
the quantization parameters (and the quantization matrixes) set by the quantization
control section 40 (Step S27). Then, the quantization section 15 outputs the

quantized data to the lossless encoding section 16 and the inverse quantization
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section 21.
[0095]

Next, the lossless encoding section 16 encodes the quantized data input
from the quantization section 15 to generate an encoded stream of the enhancement
layer (Step S28). In addition, the lossless encoding section 16 encodes the
quantization relevant parameters input from the quantization control section 40
(which can include the QP parameters and the SL parameters), thereby inserting the
encoded parameters into a header region of the encoded stream (Step $29). Then,
the lossless encoding section 16 outputs the encoded stream of the enhancement
fayer to the accumulation buffer 17.

[0096]

Next, the inverse quantization section 21 inversely quantizes the quantized
data of the enhancement layer using the gquantization step decided from the
quantization parameters (and the quantization matrixes) set by the quantization
confrol section 40 to restore transform coefficient data (Step S30). Then, the
inverse quantization section 21 outputs the restored transform coefficient data to the
inverse orthogonal transform section 22.

[0097]

Then, successive processes such as inverse orthogonal transforim, filtering,

intra prediction, and inter prediction are executed.
[0058]
<4, Configuration example of an EL decoding section according to an embodiment>

[4-1. Overall configuration]

FIG. 12 is a block diagram showing an example of the configuration of the
EL decoding section 6b illustrated in FIG. 6. Referring to FIG. 12, the EL decoding
section 6b includes an accumulation buffer 61, a lossless decoding section 62, an
inverse quantization section 63, an inverse orthogonal transform section 64, an
addition section 65, a deblock filter 66, a sorting buffer 67, a digital-to-analog (D/A)
conversion section 68, a frame memory 69, selectors 70 and 71, an intra prediction

section 75, an inter prediction section 80, and an inverse quantization control section

9.
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[0099]

The accumulation buffer 61 temporarily accumulates the encoded stream of
the enhancement layer input from the demuitiplexing section 5 using a storage
medium. '

[0100]

The lossless decoding section 62 decodes the quantized data of the
enhancement layer from the encoded stream of the enhancement layer input from the
accumulation buffer 61 according to the encoding scheme used at the time of the
encoding. In addition, the lossless decoding section 62 decodes the information
inserted into the header region of the encoded stream.  The information decoded by
the lossless decoding section 62 can include, for example, information relating to
intra prediction, information relating to inter prediction, and the quantization relevant
parameters. The lossless decoding section 62 outputs the information relating to
intra prediction to the intra prediction section 75. In addition, the lossless decoding
section 62 outputs the information relating to inter prediction to the inter prediction
section 80. In addition, the lossless decoding section 62 outputs the quantized data
to the inverse quantization section 63 and outputs the quantization relevant
parameters to the inverse quantization control section 90,

[0101]

The inverse quantization section 63 inversely quantizes the quantized data
input from the lossless decoding section 62 using a quantization step decided from
quantization parameters (and quantization matrixes) input from the inverse
quantization control section 90 to restore the transform coefficient data of the
enhancement layer. Then, the inverse quantization section 63 outputs the restored
transform coefficient data to the inverse orthogonal transform section 64.

[0102]

The inverse orthogonal transform section 64 performs an inverse orthogonal
trapsform on the transform coefficient data input from the inverse quantization
section 63 according to the orthogonal transform scheme used at the time of the
encoding to generate predicted error data. The inverse orthogonal transform section

64 outputs the generated predicted error data to the addition section 65.
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[0103]

The addition section 65 adds the predicted error data input from the inverse
orthogonal transform section 64 and predicted image data input from the selector 71
to generate decoded image data. Then, the addition section 65 outputs the
generated decoded image data to the deblock filter 66 and the frame memory 69.
[0104]

The deblock filter 66 removes block distortion by filtering the decoded
image data input from the addition section 65, and then outputs the filtered decoded
image data to the sorting buffer 67 and the frame memory 69.

[0105]

The sorting buffer 67 sorts the images input from the deblock filter 66 to
generate a chronological series of image data. Then, the sorting buffer 67 outputs
the generated image data to the D/A conversion section 68.

[0106]

'The D/A conversion section 68 converts the image data in a digital format
input from the sorting buffer 67 into an image signal in an analog format. Then, the
D/A conversion section 68 causes the image of the enhancement layer to be
displayed by outputting the analog image signal to, for example, a display (not
illustrated) connected to the image decoding device 60.

[0107]

The frame memory 69 stores the decoded image data before the filtering
input from the addition section 65, and the decoded image data after the filtering
input from the deblock filter 66 using a storage medium.,

[0108]

The selector 70 switches an output destination of the image data from the
frame memory 69 between the intra prediction section 75 and the inter prediction
section 80 for each block in the image according to the mode information acquired
by the lossless decoding section 62. For example, when the intra prediction mode is
designated, the selector 70 outputs the decoded image data before the filtering
supplied from the frame memory 69 as the reference image data to the intra

prediction section 75.  In addition, when the inter prediction mode is designated, the
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selector 70 outputs the decoded image data after the filtering as the reference image
data to the inter prediction section 80.
[0109]

The selector 71 switches an output source of the predicted image data to be
supplied to the addition section 65 between the intra prediction section 75 and the
inter prediction section 80 according to the mode information acquired by the
lossless decoding section 62. For example, when the intra prediction mode is
designated, the selector 71 supplies the predicted image data output from the intra
prediction section 75 to the addition section 65, In addition, when the inter
prediction mode is designated, the selector 71 supplies the predicted image data
output from the inter prediction section 80 to the addition section 65.

[0110]

The intra prediction section 75 performs an intra prediction process of the
enhancement layer based on the information regarding the intra prediction input from
the lossless decoding section 62 and the reference image data from the frame
memory 69 to generate predicted image data. In addition, the intra prediction
section 75 outputs the generated predicted image data of the enhancement layer to
the selector 71.

[0111]

The inter prediction section 80 performs a motion compensation process of
the enhancement layer based on the information regarding the inter prediction input
from the fossless decoding section 62 and the reference image data from the frame
memory 09 to generate predicted image data. The inter prediction section 80
outputs the generated predicted image data of the enhancement layer to the selector
71.

[0112]

The inverse quantization control section 90 controls an inverse quantization
process performed in the EL decoding section 6b using the quantization relevant
parameters decoded by the lossless decoding section 62 and the information buffered
by the common memory 7. In the present embodiment, the quantization relevant

parameters can include a QP parameter that is used when deciding a quantization
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parameter and an SL parameter that is used when deciding a quantization matrix.
[0113]

[4-2. Detailed configuration of an inverse quantization control section]

FIG. 13 is a block diagram showing an example of a configuration of an
inverse quantization control section 90 illustrated in FIG. 12. Referring to FIG. 13,
the inverse quantization control section 90 has a QP parameter acquisition section 91,
a QP setting section 92, an SL parameter acquisition section 93, and an SL setting
section 94,

[0114]

(1) QP parameter acquisition section

The QP parameter acquisition section 91 acquires QP parameters decoded
by the lossless decoding section 62 from the encoded stream of the enhancement
layer. The QP parameters of the luma component acquired by the QP parameter
acquisition section 91 can include the above-described pic init_gp minus26,
slice_gp_delta, cu qp delta_abs, and cu_qgp delta sign. In addition, the QP
parameters of the chroma components acquired by the QP parameler acquisition
section 91 can include the quantization parameter offset difference
slice_cbE_qp_offset for the Cb compoenent and the quantization parameter offset
difference slice_crE_qp offset for the Cr component.

[0115]

Further, when a QP parameter reuse flag is decoded by the lossless decoding
section 62, the QP parameter acquisition section 91 may acquire the decoded QP
parameter reuse flag. The QP parameter acquisition section 91 outputs the acquired
QP parameters of the enhancement layer to the QP setting section 92.

[0116]

(2) QP setting section

The QP setting section 92 sets the quantization parameters used by the
inverse quantization section 63 when inversely quantizing the transform coefficient
data of the enhancement layer for the respective blocks of the enhancement layer.
Here, the blocks can have a size equal to or smaller than that of the LCU.

[01317]
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For example, the QP setting section 92 computes the quantization parameter
for the luma component by adding a residual indicated by cu_gp delta abs and
cu_gp_delta_sign to a predicted value of the quantization parameter predicted for
each CU using pic_init gp minus26 and slice_gp_delta. Then, the QP setting
section 92 outputs the computed quantization parameter to the inverse quantization
section 63.

[0118]

In addition, the QP setting section 92 sets the quantization parameter offsets
of the enhancement Jayer for the chroma components based on the quantization
parameter offsets of the base layer. The quantization parameter offsets of the Cb
component and the Cr component of the enhancement layer cbE gp offset and
crE_gp_offset may be respectively generated according to, for example, the
following expressions (9) and {10):

[0119]
[Math 7]

cbE _qp _offset =slice _cbE _gp offset +cbB _qp offset
crEl _qp _offset = slice _crE _qp _offset + c¥rB _gp _ offset

[0120]

In the expressions (9) and (10), the first terms on the right sides are the
quantization  parameter  offset  differences slice_cbE _qp offset  and
slice_crE_gp offset acquired by the QP parameter acquisition section 91. The
second terms on the right sides are the quantization parameter offsets cbB_gp offset
and crB_gp_offset of the base layer. In a first technique, the quantization parameter
offsets cbB_qp_offset and crB_qgp_offset of the base layer are each equal to the sum
of the offset of the picture unit and the offset of the slice unit as shown in the
following expressions (11) and (12).

[0121]
[Math 8]
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cbB _qp _offset = pic _cb_qp _offset +slice_cb _qgp offset (1 1)
crB _qp _offset = pic_cr _qp_offset +slice _cr _qp offset (1 2)
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[0122]
In a second technique, the quantization parameter offsets cbB_gp_offset and
crB_gp_offset of the base layer are each equal to the offsets of the picture unit as

shown in the following expressions (13) and (14).

[0123]
[Math 9]
cbB _gp _offset =pic_cb _qp offset (1 3)
crB _gp _offset = pic_cr _gp _offset (1 4)
[0124]

In both techniques, the quantization parameter offsets cbB gp offset and
crB_qgp_offset of the base layer are decided from the QP parameters of the base layer
buffered by the common memory 7.

[0125]

The QP setting section 92 computes the quantization parameters of the
chroma components of the enhancement layer by inputting the sum of the
quantization parameter offsets computed according to one of the above-described
techniques and the quantization parameter of the luma component into a
predetermined relational expression. The relational expression used here is
described in Non-Patent Literature 1 described above. Then, the QP setting section
92 outputs the computed quantization parameter to the inverse quantization section
63.

[0126]

Note that, when the QP parameter reuse flag acquired by the QP parameter

acquisition section 91 indicates that the quantization parameter offsets should be

reused for the chroma components (i.e., the quantization parameter offsets of the
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enhancement layer should be set based on the quantization parameter offsets of the
base layer), the QP setting section 92 may execute the above-described process with
respect to the chroma components. When the QP parameter reuse flag does not
indicate that the quantization parameter offsets should be reused, the QP setting
section 92 can set the quantization parameter offsets of the chroma components of
the enhancement layer without referring to the quantization parameter offsets of the
hase layer.
[0127]

(3) SL parameter acquisition section

The SL parameter acquisition section 93 acquires an SI. parameter decoded
by the lossless decoding section 62 from an encoded stream of an enhancement layer
when a base layer is encoded in an image coding scheme other than the HEVC
scheme (for example, the AVC scheme). For example, when the base layer is
encoded in the AVC scheme, the SL parameter acquisition section 93 acquires SL
parameters which designate quantization matrixes having the sizes of 16x16 pixels
and 32x32 pixels. In addition, even when the quantization matrixes are not reused
in the layers, the SL parameter acquisition section 93 acquires the SL parameters
decoded by the lossless decoding section 62 from the encoded stream of the
enhancement layer. In this case, the SL parameters which designate the
quantization matrixes having the sizes of 4x4 pixels to 32x32 pixels are acquired.
Note that the SL parameters of the quantization matrixes having the sizes equal to or
greater than 16x16 pixels are typically encoded after down-sampling each of the
quantization matrixes to have the size of 8x8 pixels as described using FIG. 9B.
The SL parameter acquisition section 93 outputs the acquired SL parameters of the
enhancement layer to the SL setting section 94. Note that, when the quantization
matrixes are reused in the layers and the base layer is encoded in the HEVC scheme,
the SL parameter acquisition section 93 may not acquire the SL parameters of the
enbancement layer. The SL parameter acquisition section 93 can determine whether
or not the base layer has been encoded in the HEVC scheme with reference to a flag
avc_base_layer flag decoded from a VPS.
[0128]
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Furthenmore, when a quantization matrix reuse flag and a setting technigue
flag have been decoded by the lossless decoding section 62, the SL. parameter
acquisition section 93 may output the decoded quantization matrix reuse flag and
setting technique flag to the SL setting section 94.

[0129]

(4) SL. setting section

The SL setting section 94 sets quantization matrixes to be used by the
inverse quantization section 63 when the transform coefficient data of the luma
component and the chroma components of the enhancement layer is inversely
quantized for the enhancement layer.

[0130]

For example, the S1. setting section 94 acquires the quantization matrixes of
the base layer having the sizes of 4x4 pixels and 8x8 pixels from the common
memory 7 when the base layer is encoded in the HEVC scheme or the AVC scheme.,
For example, the SL setting section 94 may duplicate the corresponding quantization
matrixes of the enhancement layer from the acquired guantization matrixes of the
base layer. Instead, the SL setting section 94 may predict the corresponding
quantization matrixes of the enhancement layer from the acquired quantization
matrixes of the base layer. In the latter case, a residual of the prediction of the
quantization matrixes is additionally decoded from the encoded stream of the
enhancement layer, and the residual can be added to the predicted quantization
matrixes. The SL setting section 94 may choose whether the quantization matrixes
of the enhancement layer should be duplicated or predicted according to the setting
technique flag acquired by the SL parameter acquisition section 93.

[0131]

When the base layer has been encoded in the HEVC scheme, the SL setting
section 94 also acquires the quantization matrixes of the base layer having the sizes
of 16x16 pixels and 32x32 pixels from the common memory 7. Then, the SL
setting section 94 duplicates or predicts the corresponding quantization matrixes of
the enhancement layer from the acquired quantization matrixes of the base layer.

When the base layer has been encoded in the AVC scheme, the SL setting section 94
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generates the respective quantization matrixes of the enhancement layer having the
sizes of 10x16 pixels and 32x32 pixels according to the SL parameters input from
the SL parameter acquisition section 93, not based on the quantization matrixes of
the base layer.

[0132]

Note that, when the quantization matrix reuse flag that can be acquired by
the SL parameter acquisition section 93 indicates that the quantization matrixes are
not reused (i.e., the quantization matrixes should be decoded from the encoded
stream of the enhancement layer), the SL setting section 94 can generate all
necessary quantization matrixes according to the SL parameters of the enhancement
layer, not based on the quantization matrixes of the base layer. The quantization
matrix reuse flag and the setting technique flag may be decoded from the encoded
stream of the enhancement layer separately for different quantization matrix sizes,
difTerent prediction modes, or different color components,

[0133]
<5. Flow of a process of decoding according to an embodiment>

{5-1. Schematic flow]

FIG. 14 is a flow chart showing an example of the flow of a schematic
process for decoding according to an embodiment. For the sake of brevity of
description, process steps not directly relevant to the technology in the present
disclosure are omitted from the drawing.

[0134]

Referring to FIG. 14, the demultiplexing section 5 first demultiplexes a
multilayer muliiplexed stream into an encoded stream of the base layer and an
encoded stream of the enhancement layer (Step 860).

[0135]

Next, the BL decoding section 6a performs a decoding process on the base
layer to reconstruct a base layer image from the encoded steam of the base layer
(Step S61).

[0136]

The common memory 7 buffers quantization relevant parameters decoded in
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the decoding process of the base layer (Step $62). The quantization relevant
parameters buffered here can include, for example, the quantization parameter offsets
of the chroma components set for each block of the base layer and quantization
matrixes.

[0137]

Next, the EL decoding section 6b executes a decoding process of the
enhancement layer using the information buffered by the common memory 7 to
reconstruct an enhancement layer image (Step S63).

[0138]

[5-2. Process relating to inverse quantization]

FIG, 15 is a flow chart showing an example of the flow of a process relating
to inverse quantization in the decoding process (Step 863 of FIG. 14) on the
enhancement layer. The process shown in FIG 15 can be repeated for, for example,
cach slice of the enhancement layer image.

[0139]

Referring to FIG. 135, first, the QP parameter acquisition section 91 acquires
QP parameters decoded by the lossless decoding section 62 from the encoded stream
of the enhancement layer (Step S71). Then, the QP parameter acquisition section
91 outputs the acquired QP parameters of the enhancement layer to the QP setting
section 92.

[0140]

In addition, the SL. parameter acquisition section 93 determines whether or
not the quantization matrixes are reused in the layers by, for example, referring to the
quantization matrix reuse flag (Step S72). When the quantization matrixes are
reused in the layers, the SL parameter acquisition section 93 further determines
whether or not the encoding scheme of the base layer is the HEVC scheme (Step
573).  When the quantization matrixes are not reused in the layers or when the
encoding scheme of the base layer is not the HEVC scheme, the SL parameter
acquisition section 93 acquires SL parameters of the enhancement layer decoded by
the lossless decoding section 62 from the encoded stream of the enhancement layer

(Step S74).  Then, the SL parameter acquisition section 93 outputs the acquired SL
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parameters of the enhancement layer to the SL setting section 94.
[0141]

Next, the QP setting section 92 sets quantization parameters of the
enhancement layer for each block of the enhancement layer (Step S75). For
example, the QF setting section 92 computes quantization parameter offsets of the
enhancement layer for the chroma components based on the quantization parameter
offset differences indicated by the quantization parameter offsets and the QP
parameters of the base layer. In addition, the QP setting section 92 inputs the sums
of the computed quantization parameter offsets and the quantization parameter of the
luma component into a predetermined relational expression to compute the
quantization parameters of the enhancement layer. Then, the QP setting section 92
outputs the computed quantization parameters to the inverse quantization section 63,
[0142]

Note that, when a QP parameter reuse flag does not indicate that the
quantization parameter offsets of the base layer should be reused, the QP setting
section 92 can set a quantization parameter offset indicated by the QP parameters for
the enhancement layer without referring to the quantization parameter offsets of the
base layer for the chroma components.

[0143]

In addition, the SL setting section 94 sets quantization matrixes of the
enhancement layer for each block of the enhancement layer (Step $76). For
example, when the base layer has been encoded in the HEVC scheme or the AVC
scheme, the SL setting section 94 can acquire the guantization matrixes of the base
layer having the sizes of 4x4 pixels and 8x8 pixels from the common memory 7. In
addition, when the base layer has been encoded in the HEVC scheme, the SL setting
section 94 also acquires the quantization matrixes of the base layer having the sizes
of 16x16 pixels and 32x32 pixels from the common memory 7. Then, the SL
setting section 94 duplicates or predicts the corresponding quantization matrixes of
the enhancement layer from the acquired quantization matrixes of the base layer to
set the quantization matrixes of the enhancement layer. When the base layer has

been encoded in the AVC scheme, the SL setting section 94 sets the quantization
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matrixes of the enhancement laver having the sizes of 16x16 pixels and 32x32 pixels
according to the SL parameters input from the SL parameter acquisition section 93,
Then, the SL setting section 94 outputs the set quantization matrixes to the inverse
quantization section 63,

[0144]

Note that, when the quantization matrix reuse flag indicates that the
quantization matrixes of the base layer are not reused, the SL setting section 94 can
set all necessary quantization matrixes of the enhancement layer according to the SL
parameters input from the SL parameter acquisition section 93,

[0145]

Next, the lossless decoding section 62 decodes the quantized data of the
enhancement layer from the encoded stream of the enhancement fayer (Step S77).
Then, the lossless decoding section 62 outputs the decoded quantized data to the
inverse quantization section 63.

[0146]

Next, the inverse quantization section 63 inversely quantizes the quantized
data of the enhancement layer using a quantization step decided from the
quantization parameters (and the quantization matrixes) mput from the inverse
guantization control section 90 to restore the transform coefficient data (Step S78).
Then, the inverse quantization section 63 outputs the restored transform coefficient
data to the inverse orthogonal transform section 64.

10147]

Then, successive processes such as an inverse orthogonal transform,
addition of a predicted image and a predicied error, and filtering are executed.
[0148]

[5-3. Example of syntax]

(1) Basic example

FIGS. 16A to 16C are illustrative diagrams for describing examples of
syntax of an enhancement layer that can be employed for the technology according to
the present disclosure. Herein, a QP parameter reuse flag and a quantization matrix

reuse {lag are encoded in a PPS of the enhancement layer.



10

20

26

30

45

[0149]

FIGS. 16A and 16B illustrate syntax of a PPS as an example. InFIG 16A,
a QP parameter reuse flag “BL_chroma_qgp_offset_flag is in the 15" row. When the
QP parameter reuse flag indicates “false,” quantization parameter offsets are not
reused in the layers, and the quantization parameter offsets “pic_cb_qp_offset” and
“pic_cr_qp_offset” of the picture unit are encoded in the 18™ and 19" rows., When
the QP parameter reuse flag indicates “true,” encoding of the quantization parameter
offsets “pic_cb_gp_offset” and “pic_cr_gp_offset” of the picture unit is skipped.
[0150]

In FIG. 16B, a function “scaling list data()” for SL parameters of the
enhancement layer is present in the 52" row. In FIG. 16C, specific syntax of the
function “scaling_list data()” is shown. In FIG. 16C, a quantization matrix reuse
flag “BI,_scaling_list_flag” is present in the 2™ row. When the quantization matrix
reuse flag indicates “true,” the quantization matrixes are reused in the layers. When
the quantization matrix reuse flag indicates “true” and the base layer is encoded in
the AVC scheme, however, only the quantization matrixes having the sizes of 4x4
pixels and 8x8 pixels are reused (see the 7" row; “sizelD=0" means the size of 4x4
pixels and “sizeiD=1" means the size of 8x8 pixels). When the quantization
matrixes are not reused, the SL parameter which designates a quantization matrix of
the enhancement layer is encoded from the 8" row.
f0151}

Note that the syntax described herein is merely an example. The QP
parameter reuse {lag and the quantization matrix reuse flag, for example, may each
be encoded in the header region other than the PPS (for example, an SPS or the like).
In addition, when the quantization matrixes are reused, the PPS may include the
above-described setting technique flag or residual data obtained when the
quantization matrixes are predicted.

[0152]
(2) Modified examples
FIGS. 16D and 16E each illustrate modified examples of syntax of the

enhancement layer. In these modified examples, SL parameters encoded by the EL
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encoding section 1b and decoded by the EL decoding section 6b include reference
layer information as described using FIG. 9D.
[0153]

in the first modified example shown in FIG. 16D, a single common piece of
the reference layer information is encoded in a plurality of sizes and a plurality of
types of the quantization matrixes. The flag copy_scaling list from_ref layer flag
in the 3" row of the extension of the SPS (sps_extension()) of FIG. 16D is a
quantization matrix reuse flag indicating whether or not a quantization matrix of the
enhancement layer should be generated based on a quantization matrix of a
subordinate layer designated by the reference layer information. When the

k4

quantization matrix reuse flag indicates “true,” the reference layer information
scaling list ref layer in the 5™ row is further encoded. As an example, the
reference layer information scaling list ref layer may designate a subordinate layer
which serves as a basis of duplication or prediction of a quantization matrix using a
layer number (for example, a 6-bit integer with no symbol or the like) given to a
reference target layer. Extension of a PPS (pps_extension()) can also include the
same reference layer information of the syntax as the extension of the SPS.

[0154}

In the second modified example shown in FIG 16E, different kinds of
reference layer information are encoded for each size and type of the quantization
matrixes. The functions scaling_list_extension() in the 3 row of the extension of
the SPS and in the 3™ row of the extension of the PPS of FIG. 16E define syntax for
reference layer information, The 2™ row of the function scaling list extension()
means iferation with respect to about 4 sizes of quantization matrixes specified by a
variable sizeld. The following 3" row means iteration with respect to about 6 types
of quantization matrixes specified by a variable matrixld (since a maximum size of a
chroma component is 16x16 pixels, there are only about two types thereof with
respect G 32x32 pixels}). The flag
copy_scaling_list_from_ref layer flag[sizeld][matrixId] in the 4™ row in each
iteration is a quantization maltrix reuse flag indicating that a quantization matrix

should be reused in the layers. When the quantization matrix reuse flag indicates
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“true,” the reference layer information scaling_list_ref layer{sizeld][matrixId] in the
6" row is further encoded. Here, the reference layer information may also
designate a subordinate layer which serves as a basis of duplication or prediction of
the quantization matrix using, for example, a layer number given to the reference
target layer.

[0155]

Note that when the quantization matrixes are reused only in layers which
share an image coding scheme as described using FIG. 9C, and the lowermost base
layer is encoded in the AVC scheme, the reference layer information can indicate a
layer number other than the number of the lowermost base layer (for example, zero)
{(generally in SHVC, only the lowermost layer is a layer that can be encoded in the
AVC scheme),

{0156]

If the reference layer information as described above is introduced here, by
flexibly selecting a quantization matrix to be reused from a plurality of subordinate
layers, an optimum quantization matrix can be used in enhancement layers and thus
coding efficiency can be effectively enhanced.

{0157}
<6. Example of a combination of codecs>

The technology according to the present disclosure can be applied to
scalable video coding with various combinations of codecs. The number of layers
to be multiplexed may be any number equal to or greater than 2. When a
combination of codecs which are not standardized is used, however, there can be a
possibility of the decoder not operating normally. Thus, only combinations of
codecs which are defined in advance may be permitted to be hierarchically encoded.
Instead, several combinations of codecs may be prohibited from being hierarchically
encoded.

[0158)]

FIGS. 17A and 17B are illustrative diagrams for describing combinations of

codecs which can be permitted or prohibited.

[0159]
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Referring to FIG. 17A, five layers from a lowermost first layer 110 to an
uppermost fifth layer 114 are shown. The first layer .10 and the second layer L11
are encoded in the MPEG2 scheme. The third layer 112 and the fourth layer L13
are encoded in the AVC scheme. The fifth layer 1.14 is encoded in the HEVC
scheme.  Among these layers, hierarchical encoding of the first layer L10 and the
second layer L11 is permitted due to their shared codec. Hierarchical encoding of
the second layer L11 and the third layer L12 can be prohibited due to the fact that the
combination of the MPEG2 scheme and the AVC scheme is not standardized.
Hierarchical encoding of the third layer L12 and the fourth layer 113 is permitted
due to their shared codec. Hierarchical encoding of the fourth layer L13 and the
fifth layer L14 is permitted due to the fact that the combination of the AVC scheme
and the HEVC scheme is standardized. In the example of FIG. 17A, a multiplexed
stream of the first layer L10 and the second layer L11 and a multiplexed stream of
the third layer L12, the fourth layer L13 and the fifth layer 1.14 can be mulitiplexed
using simulcast coding, rather than scalable video coding.

[0160]

Referring to FIG. 17B, five layers from a lowermost first layer 120 to an
uppermost fifth layer L24 are shown. The first layer 1.20 and the second layer 1.21
are encoded in the AVC scheme. The third layer 1.22 and the fourth layer L23 are
encoded in the MPEG2 scheme. The fifth layer 1.24 is enceded in the HEVC
scheme. Among these layers, hierarchical encoding of the first layer L20 and the
second layer L21 is permitted due to their shared codec. Hierarchical encoding of
the second layer L.21 and the third layer L22 can be prohibited due to the fact that the
combination of the AVC scheme and the MPEG2 scheme is not standardized.
Hierarchical encoding of the third layer 1.22 and the fourth layer L23 is permitted
due to their shared codec. Hierarchical encoding of the fourth layer 123 and the
fifth layer L24 is pernutted due to the fact that the combination of the MPEG?2
scheme and the HEVC scheme is standardized. In the example of FIG. 17B, a
multiplexed stream of the first layer L20 and the second layer L21 and a multiplexed
stream of the third layer L22, the fourth layer 123 and the fifth layer 1.24 can be

multiplexed using simulcast coding rather than scalable video coding.
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[0161]
<7. Application example>

[7-1. Application to varicus products]

The image encoding device 10 and the image decoding device 60 according
to the embodiment described above can be applied to various electronic appliances
such as a transmitter and a receiver for satellite broadeasting, cable broadcasting of a
cable TV, distribution on the Internet, distribution to terminals via cellular
communication, and the like, a recording device that records images in a medium
such as an optical disc, a magnetic disk or a flash memory, a reproduction device that
reproduces images from such storage media, and the like. Four application
examples will be described below.

[0162]

(1) First application example

FIG 18 illustrates an example of a schematic configuration of a television
device to which the aforementioned embodiment is applied. A television device
900 includes an antenna 901, a tuner 902, a demultiplexer 903, a decoder 904, a
video signal processing section 905, a display 906, an audio signal processing section
907, a speaker 908, an external interface 909, a control section 910, a user interface
911, and a bus 912.

[0163]

The tuner 902 extracts a signal of a desired channel from a broadcast signal
received through the antenna 901 and demodulates the extracted signal. The tuner
902 then outputs an encoded bit stream obtained by the demodulation to the
demultiplexer 903. That is, the tuner 902 has a role as a fransmission means
receiving the encoded stream in which an image is encoded, in the television device
900.

[0164]

The demultiplexer 903 separates a video stream and an audio stream of a
program to be viewed from the encoded bit stream and outputs each of the separated
streams to the decoder 904. The demultiplexer 903 also extracts auxiliary data such

as an electronic program guide (GEP) from the encoded bit stream and supplies the
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exfracted data to the control section 910. Here, the demultiplexer 903 may
descramble the encoded bit stream when it is scrambled.
[0165]

The decoder 904 decodes the video stream and the audio stream that are
input from the demultiplexer 903. The decoder 904 then outputs video data
generated by the decoding process to the video signal processing section 905,
Furthermore, the decoder 904 outputs audio data generated in the decoding process
to the audio signal processing section 907.

[0166]

The video signal processing section 905 reproduces the video data input
from the decoder 904 and displays the video on the display 906. The video signal
processing section 905 may also display an application screen supplied through the
network on the display 906. The video signal processing section 905 may further
perform an additional process, for example, noise reduction on the video data
according to the setting. Furthermore, the video signal processing section 905 may
generate an image of a graphical user interface (GUI) such as a menu, a button, or a
cursor and superpose the generated image onto the cutput image.

(0167}

The display 906 is driven by a drive signal supplied from the video signal
processing section 905 and displays video or an image on a video screen of a display
device (such as a liquid crystal display, a plasma display, or an OELD).

[0168]

The audio signal processing section 907 performs a reproduction process
such as D-A conversion and amplification on the audio data input from the decoder
904 and outputs the audio from the speaker 908. The audio signal processing
section 907 may also perform an additional process such as noise reduction on the
audio data.

[0169]

The external interface 909 is an interface for connecting the television

device 900 with an external device or a network, For example, the decoder 904

may decode a video stream or an audio stream received through, for example, the
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external interface 909, In other words, the external interface 909 also has a role as
the transmission means receiving the encoded stream in which an image is encoded,
in the television device 900.

[0170]

The control section 910 includes a processor such as a central processing
unit (CPU) and a memory such as a random access memory (RAM) and a read only
memory (ROM). The memory stores a program executed by the CPU, program
data, EPG data, and data acquired through the network. The program stored in the
memory is read by the CPU at the start-up of the television device 900 and executed,
for example. By executing the program, the CPU controls operations of the
television device 900 in accordance with an operation signal that is input from the
user interface 911, for example.

[0171]

The user interface 911 is connected to the control section 910. The user
interface 911 includes a button and a switch for a user to operate the television
device 900 as well as a reception part of a remote control signal, for example. The
user interface 911 detects a user operation through these components, generates the
operation signal, and outputs the generated operation signal to the control section 910.
[0172]

The bus 912 connects the tuner 902, the demultiplexer 903, the decoder 904,
the video signal processing section 903, the audio signal processing section 907, the
external interface 909, and the control section 910 to each other.

[0173}

The decoder 904 in the television device 900 configured in the
aforementioned manner has a function of the image decoding device 60 according to
the aforementioned embodiment. Thus, when the television device 900 decodes an
image with a multi-layer codec, coding efficiency can be enhanced by reusing
quantization relevant parameters in layers.

[0174]
(2) Second application example

FIG. 19 illustrates an example of a schematic configuration of a mobile
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telephone to which the aforementioned embodiment is applied. A mobile telephone
920 includes an antenna 921, a cominunication section 922, an audio codec 923, a
speaker 924, a microphone 925, a camera section 926, an image processing section
927, a multiplexing and separation section 928, a recording and reproduction section
929, a display 930, a control section 931, an operation section 932, and a bus 933.
[0175]

The antenna 921 is connected to the communication section 922. The
speaker 924 and the microphone 925 are connected to the audio codec 923. The
operation section 932 is connected to the control section 931. The bus 933 connects
the communication section 922, the audio codec 923, the camera section 926, the
image processing section 927, the multiplexing and separation section 928, the
recording and reproduction section 929, the display 930, and the control section 931
to each other.

[0176]

The mobile telephone 920 performs operations such  as
transmitting/receiving an audio signal, transmitting/receiving an electronic mail or
image data, imaging an image, and recording data in various operation modes
including an audio call mode, a data communication mode, a photography mode, and
a videophone mode.

{0177}

In the audio call mode, an analog audio signal generated by the microphone
925 is supplied to the audio codec 923, The audio codec 923 then converts the
analog audio signal into audio data, performs A-D conversion on the converted audio
data, and compresses the data. The audio codec 923 thereafter outputs the
compressed audio data to the communication section 922. The communication
section 922 encodes and modulates the audio data to generate a transmission signal.
The communication section 922 then transmits the generated transmission signal to a
base station (not illustrated) through the antenna 921.  Furthermore, the
communication section 922 amplifies a radio signal received through the antenna 921,
converts a frequency of the signal, and acquires a reception signal. The

communication section 922 thereafter demodulates and decodes the reception signal
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to generate the audio data and output the generated audio data to the audio codec 923.
The audio codec 923 decompresses the audio data, performs D-A conversion on the
data, and generates the analog audio signal. The audio codec 923 then outputs the
audio by supplying the generated audio signal to the speaker 924.

[0178]

In addition, in the data communication mode, for example, the control
section 931 generates character data constituting an electronic mail, in accordance
with a user operation through the operation section 932. The control section 931
further causes characters to be displayed on the display 930. Moreover, the control
section 931 generates electronic mail data in accordance with a transmission
instruction from a user through the operation section 932 and outputs the generated
electronic mail data to the communication section 922. The conununication section
922 encodes and modulates the electronic mail data to generate a transmission signal,
Then, the communication section 922 transmits the generated transmission signal to
the base station (not illustrated) through the antenna 921. The communication
section 922 further amplifies a radio signal received through the antenna 921,
converts a frequency of the signal, and acquires a reception signal. The
communication section 922 thereafter demodulates and decodes the reception signal,
restores the electronic mail data, and outputs the restored electronic mail data to the
control section 931. The control section 931 causes the content of the electronic
mail fo be displayed on the display 930 as well as the electronic mail data to be
stored in a storage medium of the recording and reproduction section 929,

[0179]

The recording and reproduction section 929 includes an arbitrary readable
and writable storage medium. For example, the storage medium may be a built-in
storage medium such as a RAM or a flash memory, or may be an externally-mounted
storage medium such as a hard disk, a magnetic disk, a magneto-optical disc, an
optical disc, a USB memory, or a memory card.

[0180]
In the photography mode, for example, the camera section 926 images an

object, generates image data, and outputs the generated image data to the image
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processing section 927. The image processing section 927 encodes the image data
input from the camera section 926 and stores an encoded siream in the storage
medium of the recording and reproduction section 929.

[0181]

In addition, in the videophone mode, for example, the multiplexing and
separation section 928 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 streams to the communication section 922. The communication section
922 encodes and modulates the streams to generate a (ransmission signal. The
communication section 922 then transmits the generated transmission signal to the
base station (not illustrated) through the antenna 921, Moreover, the
communication section 922 amplifies a radio signal received through the antenna 921,
converts a frequency of the signal, and acquires a reception signal. The
transmission signal and the reception signal can include an encoded bit stream.
Then, the communication section 922 demodulates and decodes the reception signal
to restore the stream, and outputs the restored stream to the multiplexing and
separation section 928. The multiplexing and separation section 928 separates the
video stream and the audio stream from the input stream and outputs the video
stream and the audio stream to the image processing section 927 and the audio codec
923, respectively. The image processing section 927 decodes the video stream to
generate video data.  The video data is then supplied to the display 930, and thereby
the display 930 displays a series of images. The audio codec 923 decompresses and
performs D-A conversion on the audio stream to generate an analog audio signal.
The audio codec 923 then supplies the generated audio signal to the speaker 924 to
output the audio.

[0182)

The image processing section 927 in the mobile telephone 920 configured in
the aforementioned manner has a function of the image encoding device 10 and the
image decoding device 60 according to the aforementioned embodiment. Thus,
when the mobile telephone 920 encodes or decodes an image with a multi-layer

codec, coding efficiency can be enhanced by reusing quantization relevant
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parameters in layers.
[0183]

(3) Third application example

FIG. 20 illustrates an example of a schematic configuration of a recording
and reproduction device to which the aforementioned embodiment is applied. The
recording and reproduction device 940 encodes audio data and video data of a
received broadeast program and records the data into a recording medium, for
example. The recording and reproduction device 940 may also encode audio data
and video data acquired from another device and record the data into the recording
mediom, for example. In addition, in response to a user instruction, for example,
the recording and reproduction device 940 reproduces the data recorded in the
recording medium on a monitor and from a speaker. The recording and
reproduction device 940 at this time decodes the audio data and the video data.
[0184]

The recording and reproduction device 940 includes a tuner 941, an external
interface 942, an encoder 943, a hard disk drive (HDD) 944, a disk drive 945, a
selector 946, a decoder 947, an on-screen display (OSD) 948, a control section 949,
and a user interface 950,

[0185]

The tuner 941 extracts a signal of a desired channel from a broadcast signal
received through an antenna (not illustrated) and demodulates the extracted signal.
The tuner 941 then outputs an encoded bit stream obtained from the demodulation to
the selector 946. That is, the tuner 941 has a role as a transmission means in the
recording and reproduction device 940,

[0186]

The external interface 942 is an interface for connecting the recording and
reproduction device 940 with an external device or a network. The external
interface 942 may be, for example, an [EEE 1394 interface, a network interface, a
USB interface, or a flash memory interface. The video data and the audio data
received through the external interface 942 are input to the encoder 943, for example.

That is, the external interface 942 has a role as a transmission means in the recording
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and reproduction device 940,
[0187]

The encoder 943 encodes the video data and the audio data when the video
data and the audio data input from the external interface 942 are not encoded. The
encoder 943 thereafter outputs an encoded bit stream to the selector 946.

[0188]

The HDD 944 records the encoded bit stream in which content data such as
video and audio is compressed, various programs, and other data into an internal hard
disk. In addition, the DD 944 reads these data from the hard disk when
reproducing the video and the audio.

[0189]

The disk drive 945 records and reads data into and from a recording medium
which is mounted to the disk drive. The recording medium mounted to the disk
drive 945 may be, for example, a DVD disk (such as DVD-Video, DVD-RAM,
DVD-R, DVD-RW, DVD+R, or DVD+RW) or a Blu-ray (registered trademark) disk.
[0190]

The selector 946 selects the encoded bit stream input from the tuner 941 or
the encoder 943 when recording the video and audio, and outputs the selected
encoded bit stream to the HDD 944 or the disk drive 945. In addition, when
reproducing the video and audio, the selector 946 outputs the encoded bit stream
input from the HDD 944 or the disk drive 945 to the decoder 947.

[0191]

The decoder 947 decodes the encoded bit stream to generate the video data
and the audio data. Then, the decoder 947 outputs the generated video data to the
OSD 948, In addition, the decoder 904 outputs the generated audio data to an
external speaker.

[0192]

The OSD 948 reproduces the video data input from the decoder 947 and
displays the video. The OSD 948 may also superpose an image of a GUIL, for
example, a menu, a button, or a cursor on the displayed video.

[0193]
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The control section 949 includes a processor such as a CPU and a memory
such as a RAM and a ROM. The memory stores a program executed by the CPU as
well as program data. The program stored in the memory is read by the CPU at the
start-up of the recording and reproduction device 940 and executed, for example.
By executing the program, the CPU controls operations of the recording and
reproduction device 940 in accordance with an operation signal that is input from the
user interface 950, for example.

[6194]

The user interface 950 is connected to the control section 949. The user
interface 950 includes a button and a switch for a user to operate the recording and
reproduction device 940 as well as a reception part of a remote control signal, for
example. The user interface 950 detects a user operation through these components,
generates the operation signal, and outputs the generated operation signal to the
control section 949,

[0195]

The encoder 943 in the recording and reproduction device 940 configured in
the aforementioned manner has a function of the image encoding device 10
according to the aforementioned embodiment. In addition, the decoder 947 has a
function of the image decoding device 60 according to the aforementioned
embodiment. Thus, when the recording and reproduction device 940 encodes or
decodes an image with a multi-layer codec, coding efficiency can be enhanced by
reusing quantization relevant parameters in layers.

[0196]

(4) Fourth application example

FIG. 21 illustrates an example of a schematic configuration of an imaging
device to which the aforementioned embodiment is applied. The imaging device
960 images an object, generates an image, encodes image data, and records the data
into a recording medium.

[0197]
The imaging device 960 includes an optical block 961, an imaging section

962, a signal processing section 963, an image processing section 964, a display 965,
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an external interface 966, a memory 967, a media drive 968, an OSD 969, a control
section 970, a user interface 971, and a bus 972.
[0198]

The optical block 961 is connected to the imaging section 962. The
imaging section 962 is connected to the signal processing section 963. The display
965 is connected to the image processing section 964. The user interface 971 is
connected to thé control section 970. The bus 972 connects the image processing
section 964, the external interface 966, the memory 967, the media drive 968, the
0OSD 969, and the control section 970 to each other.

[0199]

The optical block 961 includes a focus lens and a diaphragm mechanism.
The optical block 961 forms an optical image of a subject on an imaging surface of
the imaging section 962.  The imaging section 962 includes an image sensor such as
a CCD or a CMOS and performs photoelectric conversion to convert the optical
image formed on the imaging surface into an image signal as an eleciric signal.
Then, the imaging section 962 outputs the image signal to the signal processing
section 963.

[0200]

The signal processing section 963 performs various camera signal processes
such as knee correction, gamma correction and color correction on the image signal
input from the imaging section 962. The signal processing section 963 outputs the
image data, on which the camera signal process has been performed, to the image
processing section 964,

[0201]

The image processing section 964 encodes the image data input from the
signal processing section 963 to generate the encoded data. The image processing
section 964 then outputs the generated encoded data to the external interface 966 or
the media drive 968. The image processing section 964 also decodes the encoded
data input from the external interface 966 or the media drive 968 to generate image
data. The image processing section 964 then outputs the generated image data to

the display 965. Moreover, the image processing section 964 may output to the
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display 965 the image data input from the signal processing section 963 to display
the image. Furthermore, the image processing section 964 may superpose display
data acquired from the OSD 969 on the image that is output on the display 965.
[0202]

The OSD 969 generates an image of a GUI, for example, a menu, a button,
or a cursor and outputs the generated image to the image processing section 964.
[0203]

The external interface 966 is configured as a USB input and output terminal,
for example. The external interface 966 connects the imaging device 960 with a
printer when printing an image, for example. Moreover, a drive is connected to the
external interface 966 as needed. A removable medium such as a magnetic disk or
an optical disc is mounted to the drive, for example, so that a program read from the
removable medium can be installed in the imaging device 960. The external
interface 966 may also be configured as a network interface that is connected to a
network such as a LAN or the Internet, That is, the external interface 966 has a role
as a transmission means in the imaging device 960,

[0204]

The recording medium mounted to the media drive 968 may be an arbitrary
readable and writable removable medium, for example, a magnetic disk, a magneto-
optical disc, an optical disc, or a semiconductor memory. Furthermore, the
recording medium may be fixedly mounted to the media drive 968 so that a non-
transportable storage unit such as a built-in hard disk drive or a solid state drive
(SSDj) is configured, for example.

[02057

The control section 970 includes a processor such as a CPU and a memory
such as a RAM and a ROM. The memory stores a program executed by the CPU as
well as program data. The program stored in the memory is read by the CPU at, for
example, the start-up of the imaging device 960 and then executed. By executing
the program, the CPU controls operations of the imaging device 960 in accordance
with an operation signal that is input from the user interface 971, for example.

[0206]
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The user interface 971 is connected to the control section 970. The user
interface 971 includes a button and a switch for a user to operate the imaging device
960, for example. The user interface 971 detects a user operation through these
components, generates the operation signal, and outputs the generated operation
signal to the control section 970.

[0207]

The image processing section 964 in the imaging device 960 configured in
the aforementioned manner has the functions of the image encoding device 10 and
the image decoding device 60 according to the aforementioned embodiment. Thus,
when the imaging device 960 encodes or decodes an image with a multi-layer codec,
coding efficiency can be enhanced by reusing quantization relevant parameters in
layers.

[0208]

[7-2. Various uses of scalable video coding]

Advantages of scalable video coding described above can be brought to
various uses. Three use examples will be described below.

[0209]

(1) First example

In the first example, scalable video coding is used for selective transmission
of data. Referring to FIG. 22, a data transmission system 1000 includes a stream
storage device 1001 and a delivery server 1002. The delivery server 1002 is
connected to some terminal devices via a network 1003,  The network 1003 may be
a wired network or a wireless network or a combination thereof. FIG. 22 shows a
petsonal computer (PC) 1004, an AV device 1003, a tablet device 1006, and a mobile
phone 1007 as examples of the terminal devices.

[0210]

The stream storage device 1001 stores, for example, stream data 1011
including a multiplexed stream generated by the image encoding device 10, The
multiplexed stream includes an encoded stream of the base layer (BL) and an
encoded stream of an enhancement layer (EL). The delivery server 1002 reads the

stream data 1011 stored in the stream storage device 1001 and delivers at least a
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portion of the read stream data 1011 to the PC 1004, the AV device 1005, the tablet
device 1006, and the mobile phone 1007 via the network 1003.
[0211]

When a stream is delivered to a terminal device, the delivery server 1002
selects the stream to be delivered based on some conditions such as capabilities of
the terminal device or a communication environment. For example, the delivery
server 1002 may avoid a delay in a ferminal device or an occurrence of overflow or
overload of a processor by delivering no encoded stream having high image quality
exceeding image quality that can be handled by the terminal device, In addition,
the delivery server 1002 may also avoid occupation of communication bands of the
network 1003 by delivering no encoded stream having high image quality. On the
other hand, when there is no risk to be avoided or it is considered to be appropriate
based on a user's contract or some conditions, the delivery server 1002 may deliver
an entire multiplexed stream to a terminal device.

[0212]

In the example of FIG. 22, the delivery server 1002 reads the stream data
1011 from the stream storage device 1001. Then, the delivery server 1002 delivers
the stream data 1011 directly to the PC 1004 having high processing capabilities.
Because the AV device 1005 has low processing capabilitics, the delivery server
1002 generates stream data 1012 containing only an encoded stream of the base layer
exiracted from the stream data 1011 and delivers the stream data 1012 to the AV
device 1005. The delivery server 1002 delivers the stream data 1011 directly to the
tablet device 1006 capable of communication at a high communication rate without
change. Because the mobile phone 1007 can communicate only at a low
communication rate, the delivery server 1002 delivers the stream data 1012
containing only an encoded stream of the base layer to the mobile phone 1007.
[0213]

By using the multiplexed stream in this manner, the amount of traffic to be
transmitted can be adaptively adjusted. In addition, the code amount of the stream
data 1011 is reduced when compared with a case when each layer is individually

encoded and thus, even if the whole stream data 1011 is delivered, the load on the
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network 1003 can be lessened. Further, memory resources of the stream storage
device 1001 are saved,
[0214]

Hardware performance of the terminal devices is different from device to
device. In addition, capabilities of applications run on the terminal devices are
diverse.  Further, communication capacities of the network 1003 are varied.
Capacities available for data transmission may change every moment due to other
traffic. Thus, before starting delivery of stream data, the delivery server 1002 may
acquire ferminal information about hardware performance and application
capabilities of terminal devices and network information about communication
capacities of the network 1003 through signaling with the delivery destination
terminal device. Then, the delivery server 1002 can select the stream to be
delivered based on the acguired information,

10215]

Incidentally, the layer to be decoded may be extracted by the terminal
device. For example, the PC 1004 may display a base layer image extracted and
decoded from a received multiplexed stream on the screen thereof. In addition,
after generating the stream data 1012 by extracting an encoded stream of the base
layer from the received multiplexed stream, the PC 1004 may cause a storage
medium to store the generated stream data 1012 or transfer the stream data to another
device.

[0216]

The configuration of the data transmission system 1000 shown in FIG. 22 is
only an example. The data transmission system 1000 may include any number of
the stream storage device 1001, the delivery server 1002, the network 1003, and the
terminal devices.

[0217]

(2) Second example

In the second example, scalable video coding is used for transmission of
data via a plurality of communication channels. Referring to FIG. 23, a data

transmission system 1100 includes a broadcasting station 1101 and a terminal device
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1102. The broadcasting station 1101 broadcasts an encoded stream 1121 of the base
layer on a terrestrial channel 1111, The broadcasting station 1101 also transmits an
encoded stream 1122 of an enhancement layer to the terminal device 1102 via a
network 1112.

[0218]

The terminal device 1102 has a receiving function to receive terrestrial
broadcasting broadcast by the broadcasting station 1101 and receives the encoded
siream 1121 of the base layer via the terrestrial channel 1111. In addition, the
terminal device 1102 also has a communication function to communicate with the
broadcasting station 1101 and receives the encoded stream 1122 of the enhancement
layer via the network 1112,

[0219]

After receiving the encoded stream 1121 of the base layer, for example, in
response to user's instructions, the terminal device 1102 may decode a base layer
image from the received encoded stream 1121 and display the base layer image on
the screen.  Alternatively, the terminal device 1102 may cause a storage medium to
store the decoded base layer image or transfer the base layer image to another device.
[0220]

In addition, after receiving the encoded stream 1122 of the enhancement
layer via the network 1112, for example, in response to user's instructions, the
terminal device 1102 may generate a muitiplexed stream by multiplexing the
encoded stream 1121 of the base layer and the encoded stream 1122 of the
enhancement layer. The terminal device 1102 may also decode an enhancement
layer image from the encoded stream 1122 of an enhancement layer to display the
enhancement layer image on the screen. Alternatively, the terminal device 1102
may cause a storage medium to store the decoded enhancement layer image or
transfer the enhancement layer image to another device.

[0221]

As described above, an encoded stream of each layer contained in a

multiplexed stream can be transmitted via a different communication channel for

each layer. Accordingly, a communication delay or an occurrence of overflow can
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be suppressed by distributing loads exerted on individual channels.
[0222]

Furthermore, the communication channel to be used for transmission may
be dynamically selected in accordance with some conditions. For example, the
encoded stream 1121 of the base layer whose data amount is relatively large may be
transmitted via a communication channel having a wider bandwidth and the encoded
stream 1122 of the enhancement layer whose data amount is relatively small may be
transmitted via a communication channel having a narrower bandwidth. In addition,
the communication channel on which the encoded stream 1122 of a specific layer is
transmitted may be switched in accordance with the bandwidth of the communication
channel.  Accordingly, the load exerted on individual channels can be suppressed
more effectively,

[0223]

Note that the configuration of the data transmission system 1100 illustrated
in FIG. 23 is only an example. The data transmission system 1100 may include any
number of communication channels and terminal devices. The configuration of the
system described herein may also be applied to uses other than broadcasting.

[0224]

(3) Third example

In the third example, scalable video coding is used for storage of videos.
Referring to FIG. 24, a data transmission system 1200 includes an imaging device
1201 and a stream storage device 1202. The imaging device 1201 scalable-encodes
image data generated with a subject 1211 being imaged to generate a multiplexed
stream 1221.  The multiplexed stream 1221 includes an encoded stream of the base
layer and an encoded stream of an enhancement layer. Then, the imaging device
1201 supplies the multiplexed stream 1221 to the stream storage device 1202.

[0225]

The stream storage device 1202 stores the multiplexed stream 1221 supplied
from the imaging device 1201 in different image quality for each mode. For
example, the stream storage device 1202 extracts the encoded stream 1222 of the

base layer from the multiplexed stream 1221 in a normal mode and stores the
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extracted encoded stream 1222 of the base layer. On the other hand, in a high
quality mode, the stream storage device 1202 stores the multiplexed stream 1221 as
it is.  Accordingly, the stream storage device 1202 can record a high-quality stream
with a large amount of data only when recording of a video in high image quality is
desired. Therefore, memory resources can be saved while the influence of image
quality degradation on users is curbed.

[0226]

For example, the imaging device 1201 is assumed to be a surveillance
camera. When no surveillance object {for example, an intruder) appears i1 a
caplured image, the normal mode is selected. 1In this case, the captured image is
likely to be unimportant and priority is given to the reduction of the amount of data
so that the video is recorded in low image quality (that is, only the encoded stream
1222 of the base layer is stored).  On the other hand, when a surveillance object (for
example, the subject 1211 as an intruder) appears in a captured image, the high-
quality mode is selected. In this case, the captured image is likely to be important
and priority is given to high image quality so that the video is recorded in high image
quality (that is, the multiplexed stream 1221 is stored).

[0227]

In the example of FIG. 24, a mode is selected by the stream storage device
1202 based on, for example, an image analysis result. However, the present
embodiment is not limited to such an example and the imaging device 1201 may
select a mode. In the latter case, the imaging device 1201 may supply the encoded
stream. 1222 of the base layer to the stream storage device 1202 in the normal mode
and the multiplexed stream 1221 to the stream storage device 1202 in the high-
quality mode.

[0228]

Any criteria are possible to select 2 mode. For example, a mode may be
switched in accordance with the loudness of voice acquired through a microphone or
the waveform of voice. In addition, a mode may also be periodically switched.
Also, a mode may be switched in response to user's instructions. Further, the

number of selectable modes may be any number as long as it does not exceed the
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number of hicrarchized layers.
[0229]

The configuration of the data transmission system 1200 illustrated in FIG.
24 is only an example. The data transmission system 1200 may include any number
of the imaging device 1201. The configuration of the system described herein may
also be applied to uses other than the surveillance camera.
[0230]

[7-3. Application to other codec]

(1} Application to a multi-view codec

The multi-view codec is a kind of multi-layer codecs and is an image coding
scheme to encode and decode so-called multi-view videos. FIG. 25 is an illustrative
diagram for describing a multi-view codec. Referring to FIG. 25, sequences of
three view frames captured from three viewpoints are shown. A view ID (view_id)
is given to each view. Among a plurality of these views, one view is specified as
the base view. Views other than the base view are called non-base views. [n the
example of FIG 25, the view whose view ID is “0” is the base view and two views
whose view [D is “1” or “2" are non-base views. When these views are
hierarchically encoded, each view may correspond to a layer. As indicated by
arrows in FIG. 25, an image of a non-base view is encoded and decoded by referring
to an image of the base view (an image of the other non-base views may also be
referred to).
102317

F1G. 26 is a block diagram showing a schematic configuration of an image
encoding device 10v supporting the multi-view codec. Referring to FIG. 26, the
image encoding device 10v is provided with a first layer encoding section lc, a
second layer encoding section 1d, the common memory 2, and the multiplexing
section 3.
[0232]

The function of the first layer encoding section Ic is the same as that of the
BL encoding section 1a described using FIG. 5 except that, instead of a base layer

image, a base view image is received as input.  The first layer encoding section lc
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encodes the base view image to generate an encoded stream of a first layer. The
function of the second layer encoding section 1d is the same as that of the EL
encoding section 1b described using FIG 5 except that, instead of an enhancement
layer image, a non-base view image is received as input. The second layer
encoding section 1d encodes the non-base view image to generate an encoded stream
of a second layer. The common memory 2 stores information commonly used in
the layers. The multiplexing section 3 multiplexes an encoded stream of the first
layer generated by the first layer encoding section Ic and an encoded stream of the
second layer generated by the second layer encoding section ld to generate a
multitayer muitiplexed stream.

(0233}

FIG. 27 is a block diagram showing a schematic configuration of an image
decoding device 60v supporting the multi-view codec. Referring to FIG. 27, the
image decoding device 60v is provided with the demultiplexing section 3, a first
layer decoding section 6¢, a second layer decoding section 6d, and the common
memory 7.

[0234]

The demultiplexing section 5 demultiplexes a multilayer multiplexed stream
into an encoded stream of the first layer and an encoded stream of the second layer.
The function of the first layer decoding section 6¢ is the same as that of the BL
decoding section 6a described using FIG. 6 except that an encoded stream in which,
instead of a base layer image, a base view image is encoded is received as input.
The first layer decoding section 6¢ decodes a base view image from the encoded
stream of the first layer. The function of the second layer decoding section 6d is the
same as that of the EL decoding section 6b described using FIG. 6 except that an
encoded stream in which, instead of an enhancement layer image, a non-base view
image is encoded is received as input. The second layer decoding section 6d
decodes a non-base view image from the encoded stream of the second layer. The
common memory 7 stores information commomnly used in layers,

{0235]

According to the technology of the present disclosure, when multi-view
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image data is encoded or decoded, an overall code amount can be reduced by reusing
parameters relating to quantization of the base view in the non-base view.
Accordingly, coding efficiency in a multi-view codec can be further improved as in
cases of scalable video coding.

[0236]

(2) Application to streaming technoclogy

The technology of the present disclosure may also be applied 1o a streaming
protocol.  In Dynamic Adaptive Streaming over HTTP (MPEG-DASH), for
example, a plurality of encoded streams having mutually different parameters such as
resolution are prepared in a streaming server in advance. Then, the streaming
server dynamically selects appropriate data to be streamed [rom the plurality of
encoded streams in units of segments and delivers the selected data. Using such a
streaming protocol, parameters relating to quantization of one encoded stream may
be reused for other encoded streams.

[0237]

[7-4. Various mounting levels]

The technology according to the present disclosure may be realized in
various mounting levels, for example, a processor such as a system large scale
integration (LSI), a module which uses a plurality of processors, a unit which uses a
plurality of modules, or a set to which other functions are further added to a unit.
[0238]

{1} Video set

An example in which the technology according to the present disclosure is
realized as a set will be described with reference to FIG. 28. FIG. 28 is a block
diagram showing an example of a schematic configuration of a video set.

[0239]

In recent years, eclectronic apparatuses have become multifunctional.
Development and manufacturing of an electronic apparatus are conducted with
respect to individual functions, and then progress to a state in which the plurality of
functions are integrated. Thus, there are business operators who manufacture or sell

only parts of electronic apparatuses. Such a business operator provides a
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constituent etement which has a single function or a plurality of functions which are
related to each other, or provides a set which has an integrated function group. The
video set 1300 illustrated in FIG. 28 is a set which integrally includes constituent
elements for encoding and decoding (either of which is possible) of an image and
constituent elements having other functions relating to the aforementioned functions.
[0240]

Referring fo FIG. 28, the video set 1300 has a module group which includes
a video module 1311, an external memory 1312, a power management module 1313,
and a front end module 1314, and a device group for relevant functions which
includes a connectiviiy modute 1321, a camera 1322, and a sensor 1323,

[0241]

A module is a constituent element that is formed by integrating components
for several functions relating to each other. A module may have any physical
constitution. As an example, a module can be formed by integrally disposing a
plurality of processors each having the same or different functions, an electric circuit
element such as a resist or capacitor, and other devices on a circuit board. A
different module may be formed by combining another module or a processor with
the module.

[0242]

In the example of FIG. 28, components for functions refating to image
processing are integrated in the video module 1311, The video module 1311 has an
application processor 1331, a video processor 1332, a broadband modem 1333, and a
baseband module 1334,

[0243]

A processor may be, for example, a system-on-a-chip (SOC) or system large
scale integration (LSI). SoC or system LSI may include hardware in which
predetermined logic is established. In addition, SoC or system LSI may include a
CPU and a non-transitory tangible medium which stores a program for causing the
CPU to execute predetermined functions. A program can be sfored in, for example,
a ROM, and executed by a CPU after being read by a random access memory (RAM)

for its execution,
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[0244]

The application processor 1331 is a processor which executes an application
relating to image processing. The application executed in the application processor
1331 may perform control of, for example, the video processor 1332 and other
constituent elements, in addition to any arithmetic operation for image processing.
The video processor 1332 is a processor having functions relating to encoding and
decoding of images. Note that the application processor 1331 and the video
processor 1332 may be integrated as one processor (see the dashed line 1341 in the
drawing).

[0245]

The broadband modem 1333 is a module which performs a process relating
to commuttication via a network such as the Internet or a public switched telephone
network.  For example, the broadband modem 1333 executes digital modulation for
converting a digital signal which includes transmission data into an analog signal and
digital demodulation for converting an analog signal which includes reception data
into a digital signal. The transmission data and the reception data processed by the
broadband modem 1333 can include arbitrary information, for example, image data,
an encoded stream of image data, application data, an application program, and
setting data.

[0246]

The baseband module 1334 is a module that performs baseband processing
for radio frequency (RF) signals transmitted and received via the front end module
1314, For example, the baseband module 1334 modulates a transmitted baseband
signal including transmission data and converts frequency thereof into an RF signal,
and then oulputs the RF signal to the front end module 1314, In addition, the
baseband module 1334 converts the frequency of an RF signal input from the front
end module 1314 and demodulates the signal to generate a received baseband signal
including reception data.

[0247]
The external memory 1312 is a memory device which is provided outside

the video module 1311 and is accessible from the video module 1311, When large-
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scale data such as video data which includes a large number of frames is stored in the
external memory 1312, the external memory 1312 can include a relatively
inexpensive and large-capacity semiconductor memory, for example, a dynamic
random access memory (DRAM).

[0248]

The power management module 1313 is a module which controls power
supply to the video module 1311 and the front end module 1314,

[0249]

The front end module 1314 is a module which is connected with the
baseband module 1334 and provides front end functions.  In the example of FIG. 28,
the front end module 1314 has an antenna section 1351, a filter 1352, and an
amplification section 1353. The antenna section 1351 has one or more antenna
elements which transmit or receive radio signals and constituent elements relating to
antenna switching and the like. The antenna section 1351 transmits an RF signal
amplified by the amplification section 1353 as a radio signal. In addition, the
antenna section 1351 outputs the RF signal received as a radio signal to the filter
1352, and then the RF signal is filtered by the filter 1352,

[0250]

The connectivity module 1321 is a module having a function relating to
external connection of the video set 1300. The connectivity module 1321 may
support an arbitrary external connection protocol. The connectivity module 1321
may have, for example, a sub-module which supports a wireless connection protocol
such as Bluetooth (registered trademark), IEEER02.11 (for example, Wi-Fi
(registered trademark)), near field communication {(NFC), or Infrared Data
Association (IrDA) and a corresponding antenna. In addition, the connectivity
module 1321 may have a sub-module which supports a wired connection protocol
such as a Universal Serial Bus (USB) or a High-Definition Multimedia Interface
(HDMI) and a corresponding connection terminal.

[0251]
In addition, the connectivity module 1321 may include a drive which

performs writing of data on a storage medium such as a magnetic disk, an optical
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disc, a magneto-optical disc, or a semiconductor memory or a storage device such as
a solid-state drive (SSD) or a network-attached storage (NAS) and reading of data
from the storage medium. The connectivity module 1321 may include such a
storage medium or storage device. In addition, the connectivity module 1321 may
provide connectivity to a display which outputs images or a speaker which outputs
sounds.

[0252]

The camera 1322 is a module which acquires captured images by imaging
subjects. A series of captured images acquired by the camera 1322 constitutes
video data, The video data generated by the camera 1322 can be encoded by, for
example, the video processor 1332 if necessary, and stored in the external memory
1312 or in a storage medium that is connected to the connectivity moduie 1321.
[0253]

The sensor 1323 is a module which can include one or more of, for example,
a GPS sensor, a sound sensor, an ultrasonic sensor, an optical sensor, an illuminance
sensor, an infrared sensor, an angular velocity sensor, an angular acceleration sensor,
a speed sensor, an acceleration sensor, a gyro sensor, a geomagnetic sensor, an
impact sensor, and a temperature sensor.  Sensor data generated by the sensor 1323
can be used for, for example, execution of an application by the application processor
1331,

[0254]

In the video set 1300 configured as described above, the technology
according to the present disclosure can be used in, for example, the video processor
1332, In this case, the video set 1300 is a set to which the technology according to
the present disclosure is applied.

[0255]

Note that the video set 1300 may be realized as different kinds of devices
processing image data. For examiple, the video set 1300 may correspond to the
television device 900, the mobile telephone 920, the recording and reproduction
device 940 or the imaging device 960 described using FIGS. 18 to 21. In addition,

the video set 1300 may correspond to a terminal device such as the PC 1004, the AV
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device 1005, the tablet device 1006 or the mobile phone 1007 in the data
transmission system 1000 described using FIG. 22, the broadcasting station 1101 or
the terminal device 1102 of the data transmission system 1100 described using FIG.
23, or the imaging device 1201 or the stream storage device 1202 of the data
transmission system 1200 described using FIG. 24.  Fuither, the video set 1300 may
correspond to a content reproduction system to be exemplified in FIG. 31 or a device
included in a wireless communication system to be exemplified in FIG. 40.

[0256]

(2} Video processor

FIG. 29 is a block diagram showing an example of a schematic
configuration of the video processor 1332. The video processor 1332 has a function
of encoding an input video signal and an input audio signal and thereby generating
video data and audio data, and a function of decoding the encoded video data and
audio data and thereby generating an output video signal and an output audio signal.
[0257]

Referring to FIG. 29, the video processor 1332 has a video input processing
section 1401, a first scaling section 1402, a second scaling section 1403, a video
output processing section 1404, a frame memory 14035, a memory control section
1406, an encoder and decoder engine 1407, video elementary stream (ES) buffers
[408A and 1408B, audio ES buffers 1409A and 1409B, an audio encoder 1410, an
audio decoder 1411, a multiplexing section (MUX) 1412, a demultiplexing section
(DEMUX) 1413, and a stream buffer 1414,

[0258]

The video input processing section 1401 converts, for example, a video
signal input from the connectivity module 1321 into digital image data. The first
scaling section 1402 performs format conversion and scaling (enlargement or
reduction} on the image data input from the video input processing section 140%.
The second scaling section 1403 performs format conversion and scaling
(enlargement or reduction) on the image data to be output to the video output
processing section 1404, The format conversion performed by the first scaling

section 1402 and the second scaling section 1403 may be conversion between, for
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example, the format of 4:2:2/Y-Cb-Cr and the format of 4:2:0/Y-Cb-Cr. The video
output processing section 1404 converts digital image data into an output video
signal, and outputs the output video signal to, for example, the connectivity module
1321.

[0259]

The frame memory 1405 is a memory device for storing image data, and is
shared by the video input processing section 1401, the first scaling section 1402, the
second scaling section 1403, the video output processing section 1404, and the
encoder and decoder engine 1407.  The frame memory 1405 may be realized using,
for example, a semiconductor memory such as a DRAM.

[0260]

The memory control section 1406 controls access to the frame memory
1405 based on a synchronization signal input from the encoder and decoder engine
1407 according to an access schedule for the frame memory 1405 stored in an access
management table 1406A. The access management table 1406A depends on
processes executed by the encoder and decoder engine 1407, the first scaling section
1402, the second scaling section 1403, and the like, and is updated by the memory
control section 1406.

[0261]

The encoder and decoder engine 1407 performs an encoding process of
encoding on image data to generate an encoded video stream and a decoding process
for decoding image data from an encoded video stream. For example, the encoder
and decoder engine 1407 encodes image data read from the frame memory 1405 and
sequentially writes an encoded video stream on the video ES buffer 1408A. In
addition, for example, the encoder and decoder engine sequentially reads an encoded
video stream from the video ES buffer 1408B and writes the decoded image data on
the frame memory 1405. The encoder and decoder engine 1407 can use the frame
memory 1405 as a work area for the processes. The encoder and decoder engine
1407 outputs a synchronization signal to the memory control section 1406 at, for
example, a timing at which a process of each largest coding unit (LCU) is started.

[0262]
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The video ES buffer 1408A buffers the encoded video stream generated by
the encoder and decoder engine 1407. The encoded video stream buffered by the
video ES buffer 1408A is output to the multiplexing section 1412. The video ES
buffer 1408B buffers the encoded video stream input from the demultiplexing section
1413. The encoded video stream buffered by the video ES buffer 1408B is output
to the encoder and decoder engine 1407,

[0263]

The audio ES buffer 1409A buffers an encoded audio stream generated by
the audio encoder 1410. The encoded audio stream buffered by the audio ES buffer
1409A is output to the multiplexing section 1412, The audio ES buffer 1409B
buffers an encoded audio stream input from the demultiplexing section 1413, The
encoded audio stream buffered by the audio ES buffer 1409B is output to the audio
decoder 1411,

[0264]

The audio encoder 1410 performs digital conversion on, for example, an
input audio signal input from the connectivity module 1321, and encodes the input
audio signal according to an audio encoding scheme, for exampie, an MPEG audio
scheme or an audio code number 3 (AC3) scheme. The audio encoder 1410
sequentially writes an encoded audio stream on the audio ES buffer 1409A. The
audio decoder 1411 decodes audio data from the encoded audio stream input from
the audio ES buffer 1409B and converts the data into an analog signal. The audio
decoder 1411 outputs, for example, an audio signal to the connectivity module 1321
as a reproduced analog audio signal.

[0265]

The multiplexing section 1412 multiplexes an encoded video stream and an
encoded audio stream to generate a multiplexed bit stream. A format of the
multiplexed bit stream may be any format. The multiplexing section 1412 may add
predetermined header information to the bit stream. In addition, the multiplexing
section 1412 may convert the format of the stream.  For example, the multiplexing
section 1412 can generate a transport stream (a bit stream in a format for transport)

obtained by multiplexing the encoded video stream and the encoded audio stream.
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In addition, the multiplexing section 1412 can generate file data (data in a format for
recording) obtained by multiplexing the encoded video stream and the encoded audio
streain.
[0266]

The demultiplexing section 1413 demultiplexes an encoded video stream
and an encoded audio stream from a multiplexed bit stream using a method opposite
to multiplexing performed by the multiplexing section 1412. In other words, the
demultiplexing section 1413 extracts (or separates) a video stream and an audio
stream from a bit stream read from the stream buffer 1414, The demultiplexing
section 1413 may convert (inversely convert) the format of a stream. For example,
the demultiplexing section 1413 may acquire a transport stream which can be input
from the connectivity module 1321 or the broadband modem 1333 via the stream
buffer 1414, and convert the transport stream into a video stream and an audio stream.
In addition, the demultiplexing section 1413 may acquire file data read from a
storage medium by the connectivity module 1321 via the stream buffer 1414 and
convert the file data into a video stream and an audio stream.

[0267]

The stream buffer 1414 buffers a bit stream. For example, the stream
buffer 1414 buffers a transport stream input from the multiplexing section 1412, and
outputs the transport stream to, for example, the connectivity module 1321 or the
broadband modem [333 at a predetermined timing or according to a request from the
outside. In addition, the stream buffer 1414, for example, buffers file data input
from the multiplexing section 1412, and outputs the file data to, for example, the
connectivity module 1321 for recording of the data at a predetermined timing or
according to a request from the outside. Furthermore, the stream buffer 1414
buffers a transport stream acquired via, for example, the connectivity module 1321 or
the broadband modem 1333, and outputs the transport stream to the demultiplexing
section 1413 at a predetermined timing or according to a request from the outside.
In addition, the stream buffer 1414 buffers file data read from a storage medium by,
for example, the connectivity module 1321, and outputs the file data to the

demultiplexing section 1413 at a predetermined timing or according to a request
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from the outside.
[0268]

In the video processor 1332 configured as described above, the technology
according to the present disclosure can be used in, for example, the encoder and
decoder engine 1407.  In this case, the video processor 1332 is a chip or a module to
which the technology according to the present disclosure is applied.

[0269]

FIG. 30 is a block diagram showing another example of the schematic
configuration of the video processor 1332, In the example of FIG. 30, the video
processor 1332 has functions of encoding and decoding video data using a
predetermined scheme.

[0270]

Referring to FIG. 30, the video processor 1332 has a control section 1511, a
display interface 1512, a display engine 1513, an image processing engine 1514, an
internal memory 1515, a codec engine 1516, a memory interface 1517, a
multiplexing and demultiplexing section 1518, a network interface 1519, and a video
interface 1520,

[0271]

The control section 1511 controls operations of various processing sections
inside the video processor 1332 such as the display interface 1512, the display engine
1513, the image processing engine 1514, the codec engine 1516, and the like. The
conirol section 1511 has, for example, a main CPU 1531, a sub CPU 1532, and a
system controller 1533. The main CPU 1531 executes programs for controlling
operations of each processing sections of the video processor 1332.  The main CPU
1531 supplies generated control signals to each processing section through execution
of the programs.  The sub CPU 1532 plays an auxiliary role of the main CPU 1531,
For example, the sub CPU 1532 executes child processes and subroutines of the
programs executed by the main CPU 1531, The system controller 1533 manages
execution of the programs by the main CPU 1531 and the sub CPU 1532.

[0272]

The display interface 1512 outputs image data to, for example, the
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connectivity module 1321 under control of the control section 1511. For example,
the display interface 1512 outputs an analog image signal converted from digital
image data or the digital image data itself to a display that is connected to the
connectivity module 1321. The display engine 1513 executes format conversion,
size conversion, and color space conversion on image data so that attributes of the
image data fit specifications of the display that is an cutput destination under control
of the control section 1511. The mmage processing engine 1514 executes image
processing which can include a filtering process for the purpose of image quality
improvement or the like on the image data under control of the control section 1511.
[0273]

The internal memory 1515 is a memory device which is provided inside the
video processor 1332 and shared by the display engine 1513, the image processing
engine 1514, and the codec engine 1516. The internal memory 15135 is used when
image data is input and output between, for example, the display engine 1513, the
image processing engine 1514, and the codec engine 1516. The internal memory
1515 may be any type of memory device. For example, the internal memory 1515
may have a relatively small memory size for storing image data of a block unit and
relevant parameters. The internal memory 1515 may be a memory which has a
small capacity but a high response speed (for example, relatively to the external
memory 1312}, for example, a static random access memory (SRAM).

0274}

The codec engine 1516 performs an encoding process of encoding image
data to generate an encoded video stream and a decoding process of decoding image
data from an encoded video stream. An image coding scheme supporled by the
codec engine 1516 may be one or more arbitrary schemes. In the example
illustrated in FIG. 30, the codec engine 1516 has an MPEG-2 video block 1541, an
AVC/H.264 block 1542, an HEVC/H.265 block 1543, an HEVC/H.265 (scalable)
block 1544, an HEVC/H.265 (multi-view) block 1545, and an MPEG-DASH block
1551, These respective functional blocks encode and decode image data according
to a corresponding image coding scheme.

[0275]
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The MPEG-DASH block 1551 is a functional block which enables image
data to be transmitted according to the MPEG-DASH scheme. The MPEG-DASH
block 1551 executes generation of a stream based on a standard specification and
control of transmission of the generated stream. Encoding and decoding of the
transmitted image data may be executed by another functional block included in the
codec engine 1516,

[0276]

The memory interface 1517 is an interface for connecting the video
processor 1332 to the external memory 1312, Data generated by the image
processing engine 1514 or the codec engine 1516 is output to the external memory
1312 via the memory interface 1517. In addition, data input from the external
memory 1312 is supplied to the image processing engine 1514 or the codec engine
1516 via the memory interface 1517.

[0277]

The multiplexing and demultiplexing section 1518 performs multiplexing
and demultiplexing of an encoded video stream and a relevant bit stream. During
multiplexing, the multiplexing and demultiplexing section 1518 may add
predetermined header information to a multiplexed stream. In addition, during
demuitiplexing, the multiplexing and demultiplexing section 1518 may add
predetermined header information to separated individual streams. In other words,
the multiplexing and demultiplexing section 1518 can execute format conversion
together with multiplexing and demultiplexing. For example, the multiplexing and
demultiplexing section 1518 may support conversion and inverse conversion
between a plurality of bit streams and a transport stream which is a multiplexed
stream in a transport format, and conversion and inverse conversion between a
plurality of bit streams and file data in a recording format.

[0278]

The network interface 1519 is an interface for connecting the video
processor 1332 to, for example, the broadband modem 1333 or the connectivity
module 1321. The video interface 1520 is an interface for connecting the video

processor 1332 to, for example, the connectivity module 1321 or the camera 1322.
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[0279]

In the video processor 1332 configured as described above, the technology
according to the present disclosure can be used in, for example, the codec engine
1516. In this case, the video processor 1332 is a chip or a module to which the
technology according to the present disclosure is applied.

[0280]

Note that a configuration of the video processor 1332 is not limited to the
two examples described above. The video processor 1332, for example, may be
realized as one semiconductor chip or a plurality of semiconductor chips. In
addition, the video processor 1332 may be realized as a three-dimensional laminated
L.SI that is formed by laminating a plurality of semiconductors or a combination of a
plurality of LSIs.

[0281]

[7-5. System that uses MPEG-DASH]

(1) Overview of a content reproduction system

First, a content reproduction system to which the technology according to
the present disclosure can be applied will be briefly described using FIGS. 31 to 33,
FIG. 31 is an illustrative diagram showing an overview of the content reproduction
system. The content reproduction system illustrated in FIG. 31 includes content
servers 1610 and 1611, a network 1612, and content reproduction devices (client
devices) 1620 (16204, 1620B, and 1620C).

[0282]

The content servers 1610 and 1611 are connected to the content
reproduction devices 1620 via the network 1612,  The network 1612 is a wired or
wireless transmission path for information transmitted or received by devices
connected fo the network 1612.  The network 1612 may be, for example, a public
network such as the Internet, a public switched telephone network, or a satellite
communication network, or may be a private network such as a local area network
(LAN) including Ethernet (registered trademark), a wide area network {WAN), or an
Internet protocol-virtual private network (IP-VPN),

[0283]
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The content server 1610 is a server device which has a database in which
data files including encoded data generated by encoding content data and relevant
metadata are accumulated. When the content server 1610 generates a data file
according to the MP4 file format, the encoded data can be stored in an “mdat™ box
and the metadata in a “moov” box. Content data may include audio content such as
music, lectures, or radio programs. In addition, content data may include video
content such as movies, television programs, or video programs. In addition,
content data may include image content of photos, documents, drawings, or charts.
Further, content data may include other types of content such as game data or
software programs.

[0284]

The content server 1610 generates a plurality of data files at different bit
rates for the same content. In addition, as a response to a content reproduction
request from the content reproduction devices 1620, the content server 1611
transmits the URL of the content server 1610 to the content reproduction device 1620
in addition to information relating to parameters to be attached to the URL.

[0285]

FIG. 32 is an illustrative diagram showing an example of the flow of data in
the above-described content reproduction system.  The content server 1610 encodes
the same content at different bit rates to generate, for example, a file A of 2 Mbps, a
file B of 1.5 Mbps, and a file C of 1 Mbps illustrated in FIG. 32. The file A has a
high bit rate, the file B a standard bit rate, and the file C a low bit rate relatively to
each other.

[0286]

In addition, as illustrated in FIG 32, encoded data of each file is
compartmentalized into a plurality of segments. For example, encoded data of the
file A is compartmentalized into segments of “Al,” A2 “A3, ... and “An~
encoded data of the file B into segments of “B1,” “B2,” “B3,” ... and “Bn,” and
encoded data of the file C into “C1,” “C2,” “C3,” ... and “Cn.”

[0287]

Each segment may be a sequence of one or more samples which begins with,
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for example, a sync sample of MP4 (for example, a sample including IDR pictures)
and can be reproduced for a single segment. For example, when video data of 30
frames per second is encoded using a GOP structure which has a fixed length of 15
frames, each segment may include 2 seconds of video and sound which is equivalent
to 4 GOPs, or may include 10 seconds of video and sound which is equivalent to 20
GOPs. A temporal reproduction range of the segment at the same position in the
file A, the file B, and the file C is typically the same. For example, the reproduction
ranges of the segment “A2,” the segment “B2,” and the segment “C27 are the same.
When each segment occupies a time length of two seconds in reproduction, the
reproduction ranges of the segment “A2,” the segment “B2,” and the segment “C2”
can all correspond to the range of the 2™ second to the 4™ second of content.

[0288]

The content server 1610 generates the files A to C which include the
plurality of segments as above, and stores the generated files A to C. Then, the
content server 1610 streams the segments included in each file to the content
reproduction device 1620 as illustrated in FIG. 32. The content reproduction device
1620 reproduces content based on sequentially received segments.

{02891

The content server 1610 transmits a playlist file (which will be referred to as
media presentation description (MPD)) which includes bit rate information and
access information of each piece of encoded data to the content reproduction device
1620. Based on the MPD received from the content server 1610, the content
reproduction device 1620 selects any bit rate from a plurality of bit rates, and
requests transmission of segments corresponding to the selected bit rate to the
content server 1610.

10290]

FIG. 33 is an illustrative diagram showing a specific example of an MPD,
As shown in FIG. 33, the MPD includes access information relating to a plurality of
pieces of encoded data having different bit rates (bandwidths). The MPD shown in
FIG. 33 shows that there are about 6 pieces of encoded data having respective bit

rates of 256 Kbps, 512 Kbps, 1.024 Mbps, 1.384 Mbps, 1.536 Mbps, and 2.048 Mbps.
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In addition, the MPD includes access information regarding each piece of encoded
data. The content reproduction device 1620 can dynamically select a bit rate of
content to be streamed for reproduction with reference to such an MPD.

[0291]

Note that, although FIG, 31 illustrates mobile terminals as an example of the
content reproduction devices 1620, the content reproduction devices 1620 are not
limited thereto. The content reproduction devices 1620 may be terminal devices,
for example, PCs, PDAs, smariphones, content recorders, content players, game
devices, digital home appliances, and the like.

[0292]

(2) Configuration example of a content server

FiG. 34 is a block diagram showing an example of a configuration of the
content server 1610.  Referring to FIG. 34, the content server 1610 is provided with
a file generation section 1631, a storage section 1632, and a communication section
1633.

[0293]

The file generation section 1631 has an encoder 1641 which encodes
content data, and generates a plurality of pieces of encoded data having different bit
rates from the same content data. In addition, the file generation section 1631
generates the above-described MPD.  The file generation section 1631, for example,
can generate about 6 pieces of encoded data having respective bit rates of 256 Kbps,
512 Kbps, 1.024 Mbps, 1.384 Mbps, 1.536 Mbps, and 2.048 Mbps, thereby
generating the MPD exemplified in FIG. 33.

[0294]

The storage section 1632 stores the plurality of pieces of encoded data and
the corresponding MPD generated by the file generation section 1631, The storage
section 1632 can include a storage medium such as a non-volatile memory, a
magnetic disk, an optical disc, or a magneto-optical {MO) disc. For example, the
nog-volatile memory may be an electrically erasable programmable read-only
memory (EEPROM) or an erasable programmable ROM (EPROM). The magnetic

disk may be a hard disk or a discoid magnetic disk. The optical disc may be a
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compact disc (CD), a digital versatile disc recordable (DVD-R), or a Blu-ray disc
{BD; registered trademark).
[0295] _

The communication section 1633 is a communication interface or a
functional entity for communication with the content reproduction device 1620.
The communication section 1633 communicates with the content reproduction
device 1620 via the network 1612, To be more specific, the communication section
1633 has the function of an HTTP server. For example, the communication section
1633 provides the MPD to the content reproduction device 1620, In addition,
according fo an HTTP request from the content reproduction device 1620, the
cominunication section 1633 transmits segments of encoded data having a bit rate
selected based on the MPD by the content reproduction device 1620 to the content
reproduction device 1620 as an HTTP response.

[0296]

(3) Configuration example of a content reproduction device

FIG 35 is a block diagram showing an example of a configuration of the
content reproduction device 1620. Referring to FIG 35 the content reproduction
device 1620 is provided with a communication section 1651, a storage section 1652,
a reproduction section 1653, a selection section 1654, and a position acquisition
section 1656.

[0207]

The communication section 1651 is a communication interface or a
functional entity for communication with the content server 1610. The
communication section 1651 transmits HTTP requests to the content server 1610,
and receives HTTP responses from the content server 1610. In other words, the
communication section 1651 can operate as an HTTP client. The communication
section 1651 can selectively acquire an MPD and segments of encoded data of target
content from the content server 1610 using an HTTP range request,

[0298]
The storage section 1652 stores various kinds of data relating to

reproduction of content. The storage section 1652, for example, sequentially
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buffers segments acquired by the communication section 16531 from the content
server 1610. The segments buffered by the storage section 1652 can be output to
the reproduction section 1653 according to, for example, the first-in first-out (FIFO)
principle. In addition, the storage section 1652 stores the definition of a parameter
to be added to the URL of content which is described in the MPD received from the
content server 1610, In addition, the storage section 1652 may store parameter
selection information received from the content server 1611 to be described later.
[0299]

The reproduction section 1653 sequentially acquires segments buffered by
the storage section 1652 and decodes content data from the acquired segments.
Then, the reproduction section 1633 executes DA conversion and rendering on the
decoded content data to reproduce the content,

[0300]

The selection section 1654 dynamically sclects a bit rate proper for
reproduction by the reproduction section 1653 among a plurality of bit rates defined
in the MPD. Then, an HTTP request for acquiring segments of the encoded data
corresponding to the selected bit rate is transmitted from the communication section
1651 to the content server 1610,

[0301]

The position acquisition section 1656 is a module which acquires position
data indicating current positions of the content reproduction device 1620, The
position acquisition section 1656 may be, for example, a Global Positioning System
(GPS) receiver. Instead, the position acquisition section 1656 may be a positioning
engine which acquires current positions using a wireless network.

[0302]

(4) Other example of the configuration of the content server

FIG. 36 is a block diagram showing another example of a configuration of
the content server 1611. Referring to FIG. 36, the content server 1611 is provided
with a storage section 1671 and a communication section 1672.

[0303]

The storage section 1671 stores URL information which specifies URLs for
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accessing each piece of content. In addition, the storage section 1671 stores
parameter selection information which can be referred to when the content
reproduction device 1620 selects a parameter to be attached to the URL of each piece
of content. The parameter selection information can map corresponding parameters
to indexes, for example, a current position of a client, a user ID of the client, a
memory size of a memory that the client has, a storage capacity that the client has,
and the like.

[0304]

The communication section 1672 is a communication interface or a
functional entity for conumunication with the content reproduction device 1620,
The communication section 1672 communicates with the content reproduction
device 1620 via the network 1612,  To be more specific, the communication section
1672 transmits the URL information and parameter selection information stored in
the storage section 1671 to the content reproduction device 1620 according to a
request from the content reproduction device 1620. The content reproduction
device 1620 may select a parameter to be attached to the URL when requesting
streaming of the content to the content server 1610 according to the parameter
selection information received from the content server 1611.

[0305]

In the content reproduction system described using FIGS. 31 to 36, the
technology according to the present disclosure can be used in, for example, the
encoder 1641 of the content server 1610,

{0300]

[7-6. System that uses a P2P mode of Wi-Fi]

In this section, an example in which the technology according to the present
disclosure is applied to a system which uses a P2P mode of Wi-Fi will be described.
[0307]

(1) Basic operation sequence

FIGS. 37 and 38 are sequence diagrams illustrating a basic operation
sequence of a wireless communication system formed in the P2P mode of Wi-Fi.

Here, the sequence from establishment of peer-to-peer (P2P) connection between a
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first wireless communication device 1701 and a second wireless communication
device 1702 to the start of an operation of a specific application is illustrated. To be
more specific, the illustrated sequence complies with the specifications of Wi-Fi
Direct (which can also be called Wi-Fi P2P) that is standardized by Wi-Fi Alliance.
[0308]

First, a device discovery procedure is executed between the first wireless
communication device 1701 and the second wireless communication device 1702
(Step S1711). In the device discovery procedure, for example, the first wireless
communication device 1701 broadcasts a probe request (response request signal).
Then, the first wireless communication device 1701 receives a probe response
(response signal} from the second wireless communication device 1702 which has
received the probe request. The first wireless communication device 1701 and the
second wireless comnunication device 1702 thereby discover the presence of each
other. In addition, in the device discovery procedure, attribute information such as
device names and types (such as a television device, a PC, or a smartphone) of the
respective devices and the like can be exchanged.

[0309]

Next, a service discovery procedure is executed between the first wireless
communication device 1701 and the second wireless communication device 1702
(Step S1712).  In the service discovery procedure, for example, the first wireless
communication device 1701 transmits a service discovery query to the second
wireless communication device 1702 to inquire about a service or a protocol that the
second wireless communication device 1702 supports. Then, the first wireless
communication device 1701 receives a service discovery response from the second
wireless communication device 1702, thereby recognizing a service or a protocol that
the second wireless communication device 1702 supports. An example of the
protocol that can be supported by each device can include the Digital Living
Network Allance (DLNA). In addition, an example of the service that can be
supported by each device can include Digital Media Renderer (DMR) of the DLNA.
[0310]

Next, a user performs an operation of selecting a connection partner
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{connection partner selection operation) (Step S1713). The connection partner
selection operation may be performed on only one of the first wireless
communication device 1701 and the second wireless communication device 1702, or
on both of them. For example, a connection partner selection screen is displayed on
a display of the first wireless communication device 1701. Then, the user selects
the second wireless communication device 1702 displayed as a selection option on
the connection partner selection screen through a predetermined user input.

[0311]

After the connection partner selection operation, group owner negotiation is
exccuted between the first wircless communication device 1701 and the second
wireless communication device 1702 (Step S1714). Here, as a result of the
negotiation, the first wireless communication device 1701 is assumed to serve as a
group owner 1715, and the second wireless communication device 1702 as a client
1716.

[0312]

Next, association (L2 link) is established between the first wireless
communication device 1701 and the second wireless communication device 1702
(Step SI1717), and further, a secure link is established (Step S1718). Further,
allocation of IP addresses (Step S1719) and L4 setup on the L3 using a simple
service discovery protocol (SSDP) (Step S1720) are executed between the first
wireless communication device 1701 and the second wireless communication device
1702.  Note that the L2 means the second layer (data link layer), the L3 means the
third layer (network layer), and the L4 means the fourth layer (transport layer).
[0313]

Next, the user performs an operation of triggering a specific application
(application triggering operation) (Step S1721). The application triggering
operation may be performed on only one of the first wireless communication device
1701 and the second wireless communication device 1702, or on both of them. For
example, an application designation and triggering screen is displayed on the display
of the first wireless communication device 1701. Then, the user designates a

desired application among candidates listed up on the application designation and
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triggering screen through a predetermined user input.
[0314]

After the application triggering operation, the designated application is
triggered in the first wireless communication device 1701 and the second wireless
communication device 1702, and traffic of the application is exchanged between the
devices (Step S1722).

[0315]

Here, also in the specifications of IEEE802.11 which was standardized
earlier than Wi-Fi Direct, P2P connection between an access point (AP) and a station
(STA) can be established. According to the specifications of the past, however, it is
not possible to know information such as the type of a connection partner, or what
service a connection partner supports before L2 link is established. On the other
hand, in Wi-Fi Direct, information with regard to a connection partner can be
acquired beforehand in the device discovery procedure and the service discovery
procedure. Then, a user can select a desired connection partner with reference to
the acquired information with regard to the connection partner.

[0316]

(2) Extended operation sequence

The application triggering operation that is performed after the 12 link
establishment can also be omitted by extending the structure of the above-described
device discovery procedure and the service discovery procedure and causing a user
to designate a desired application before L2 link is established. An example of a
frame format of a MAC frame for such extension and an example of the operation
sequence are illustrated in FIG. 39 and FIG. 40, respectively.

[0317]

Referring to FIG. 39, the example of the frame format of the MAC frame of
an association request and response transmitted when establishment of L2 link is
attempted is illustrated. 6 fields from the frame control field 1751 to the sequence
control field 1756 constitute a MAC header. For cxample, in the frame control field
1751, a value for identifying an association request and an association response is set.

While many other fields are fields for information elements (IE) defined in the
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specification of IEEE802.11-2007, several fields are extended.
[0318]

In an information element ID field 1761, a value indicating that header-
specific information is set in a vendor specific 1E field 1760 (127 in decimal) is set.
In this case, in the vendor specific IE field 1760, a length field 1762, an OUI field
1763, and a vendor specific content field 1764 continue. In this extension, the
vendor specific content field 1764 includes an IE type field 1765 and one or more
subelement fields 1766. The subelement field 1766 may include one or more of, for
example, a field 1767 for identifying an application to be triggered, a field 1768 for
identifying the role of a device relating to the application, a field 1769 for 1.4 setup
information that can include a port number corresponding to the application, and a
field 1770 for information relating to the capability of the application. The
information relating to the capability may include, for example, information of
specifying a possibility of a DLNA application executing audio distribution, audio
reproduction, video distribution, and video reproduction.

[6319]

The above-described extended association request and association response
are exchanged when, for example, the first wireless communication device 1701 and
the second wireless communication device 1702 attempt establishment of association
(L2 link) in the sequence of FIG. 40 (Step S1717b). The association request can
specify an application designated by the user in a connection parter selection
operation (Step 81713b). Then, after the establishment of L2 link, the application
designated by the user in advance is automatically triggered (Step $1720b) without
performing an application triggering operation.

[0320]

In the wireless communication system described in this section, the
technology according to the present disclosure may be used when, for example,
video data included in traffic of an application is encoded or decoded. Note that,
the sequence diagrams described in this section only illustrate parts of processing
steps that can be included in the operation sequence for the sake of brevity of

description.  Practically, the operation sequence may include more processing steps
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such as additional exchange of packets,
[0321]
<8. Conclusion>

So far, the embodiments of the technology according to the present
disclosure have been described in detail using FIGS. 1 to 40. According to the
embodiments described above, the quantization parameter offsets for the
quantization parameters, which are used when the transform coefficient data of the
chroma components of the second layer decoded with reference to the first layer is
quantized or inversely quantized, are set based on the quantization parameter offsets
of the chroma components of the first layer. Thus, in the scalable video coding, it is
possible to avoid redundant encoding of parameters relating to quantization and
enhance coding efficiency as a whole. In general, adjustment of the quantization
parameters of the chroma components depends on a tendency of a color appearing in
each image, but does not depend on dissimilarity between the layers (or dissimilarity
of resolution}. Thus, even if the quantization parameter offsets for adjusting the
quantization parameters of the chroma components are reused in the layers, the
adjustment can be appropriately performed,
f0322]

In addition, according to the embodiments described above, the quantization
parameter offset set for the second layer is equal to the sum of the quantization
parameter offset of the first layer and the quantization parameter offset difference
encoded and decoded for the second layer.  According to this configuration, while a
code amount is reduced by reusing the quantization parameter offset of the first layer,
the quantization parameter offsets of the second layer can be adaptively changed
using the quantization parameter offset difference. Accordingly, the image quality
of the chroma components of the second layer can be optimized for, for example,
each slice,

[0323]

In addition, according to the embodiments described above, the quantization

parameter ofIsets of the second layer are set separately for the Cb component and the

Cr component of the second layer. Accordingly, flexible adjustment is possible
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such that, for example, the quantization parameter of the Cb component is set to be
relatively fow in order to maintain grayscales in an image with sirong red and the
quantization parameter of the Cr component is set to be relatively low in order to
maintain grayscales in an image with strong blue.

[0324]

In addition, according to the embodiments described above, the quantization
matrixes that are used when the transform coefficient data of the second layer is
quantized or inversely quantized are set based on the quantization matrixes of the
first layer. Also in this case, it is possible to avoid redundant encoding of
parameters relating to quantization and enhance coding efficiency as a whole in a
multilaver codec. When reference layer information for designating a layer to be
referred to when the quantization matrixes are reused is encoded or decoded, it is
possible to {lexibly reuse an optimum quantization matrix in the second layer.

[0325]

When the quantization matrixes of the second layer are duplicated from the
quantization matrixes of the first layer, encoding for the quantization matrixes of the
second layer does not occur, When the quantization matrixes of the second layer
are predicted from the quantization matrixes of the first layer, encoding for a
relatively small residual occurs, but an optimum quantization matrix can be used
while a code amount of the second layer is reduced to some extent.

[0326]

In addition, according to the embodiments described above, when the first
layer is encoded in the AVC scheme and the second layer is encoded in the HEVC
scheme, while the quantization matrixes having the sizes of 8x8 pixels or smaller are
reused in the layers, the guantization matrixes having the sizes of 16x16 pixels or
greater can be encoded and decoded in the second layer, According fo this
configuration, while a code amount is reduced due to reuse of the quantization
matrixes, it is possible to guarantee proper operations of devices by supplementing
insufficient quantization matrixes.

[0327]

In addition, according to the embodiments described above, various flags
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such as the flag indicating whether or not the quantization parameter offsets should
be reused in the layer, the flag indicating whether or not the quantization matrixes
should be reused in the layers, and the flag designating a technique for setting a
quantization matrix of the second layer can be encoded and decoded. The flags for
quantization matrixes may be encoded and decoded separately for different
quantization matrix sizes, different prediction modes, or different color components.
With adoption of these flags, an encoding process can be flexibly designed according
to various conditions such as user requirements, performance of a device, capability
of an application, and a communication environment.

[0328]

Mainly described herein is the example in which the various pieces of
information such as the information related to quantization are multiplexed to the
header of the encoded stream and transmitted from the encoding side to the decoding
side. The method of transmitting these pieces of information however is not limited
to such example. For example, these pieces of information may be transmitted or
recorded as separate data associated with the encoded bit stream without being
multiplexed to the encoded bit stream. Here, the term “association” means to allow
the image included in the bit stream (the image may be a part of the image such as a
slice or a block) and the information corresponding to the image to establish a link
when decoding. Namely, the information may be transmitted on a different
transmission path from the image (or the bit stream). In addition, the information
may also be recorded in a different recording medium (or a different recording area
in the same recording medium) from the image (or the bit siream). Furthermore,
the information and the image (or the bit stream) may be associated with each other
in an arbitrary unit such as a plurality of frames, one frame, or a portion within a
frame.

[0329]

The preferred embodiments of the present disclosure have been described
above with reference to the accompanying drawings, whilst the present disclosure is
not limited to the above examples, of course. A person skilled in the art may find

various alternations and modifications within the scope of the appended claims, and



10

15

20

25

30

94

it should be understood that they will naturally come under the technical scope of the
present disclosure.
[0330]
Additionally, the present technology may also be configured as below,
H

An image processing device including:

a confrol section configured to set, based on a first quantization parameter
offset set for a chroma component of a first layer, a second quantization parameter
offset for a chroma component of a second layer decoded with reference to the first
layer; and

an inverse quantization section configured to inversely quantize transform
coefficient data of the chroma component of the second layer using a quantization
parameter computed using the second quantization parameter offset set by the controi
section,

@)

The image processing device according to (1), wherein the second
quantization parameter offset is equal to the sum of the first quantization parameter
offset and a quantization parameter offset difference.

)

The image processing device according to (2), further including:

a decoding section configured to decode the quantization parameter offset
difference from an encoded strean.

(4)

The image processing device according to any one of (1) to (3), wherein the
first quantization parameter offset is equal to the sum of an offset set for the first
layer in a picture unit and an offset set for the first layer in a slice unit.

(5)

The image processing device according to any one of (1) to (3), wherein the
first quantization parameter offset is equal to an offset set for the first layer in a
picture unit.

(6)
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The image processing device according to any one of (1) to {5), wherein the
control section sets the second quantization parameter offset separately for a Cb
component and a Cr component of the second layer.

(7)

The image processing device according to any one of (1) to (6), wherein,
when a first flag decoded from an encoded stream indicates that the second
quantization parameter offset should be set based on the first quantization parameter
offset, the control section sets the second quantization parameter offset based on the
first quantization parameter offset.

(8)

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

wherein, based on a first quantization matrix set for the first layer, the
control section sets a second quantization matrix for the second layer, and

wherein the inverse quantization section inversely quantizes ftransform
coefficient data of the second layer using the second quantization matrix set by the
control section.

9)

The image processing device according to (8), wherein, when reference
layer information designates the first layer as a reference layer, the control section
sets the second quantization matrix for the second layer based on the first
guantization matrix set for the first layer.

(10)

The image processing device according to (8) or (9), wherein the control
section duplicates or predicts the second quantization matrix from the first
quantization matrix.

(11)

The image processing device according to any one of (8) to (10), wherein,
when a second flag decoded from an encoded stream indicates that the second
quantization matrix should be set based on the first quantization matrix, the control

section sefs the second quantization matrix based on the first quantization matrix.

(12)
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The image processing device according to (11), wherein the second flag is
decoded from the encoded stream separately for different quantization matrix sizes,
different prediction modes, or different color components.

(13)

The image processing device according to (10), wherein the control section
selects a setting technique for setting the second quantization matrix according to a
third flag decoded from an encoded siream.

(14)

The image processing device according to (13), wherein the third flag is
decoded from the encoded stream separately for different quantization matrix sizes,
different prediction modes, or different color components.

(15)

The image processing device according to any one of (8) to (14),

wherein the second layer is encoded in a High Efficiency Video Coding
(HEVC) scheme, and

wherein, when the first layer is encoded in an Advanced Video Coding
(AVC) scheme, the control section sets the second quantization matrix having a size
of 8x8 pixels or smaller for the second layer based on the first quantization matrix,
and sets a third quantization matrix having a size of 16x16 pixels or greater for the
second layer without being based on the first quantization matrix.

(16)

An image processing method including:

setting, based on a first quantization parameter offset set for a chroma
component of a first layer, a second quantization parameter offset for a chroma
component of a second layer decoded with reference to the first layer; and

inversely quantizing transform coefficient data of the chroma component of
the second layer using a quantization parameter computed using the set second
quantization parameter offset.

(17)
An image processing device including:

a quantization section configured to quantize transform coefficient data of a
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chroma component of a second layer encoded with reference to a first layer using a
given quantization parameter; and

an encoding section configured to encode a second quantization parameter
offset of a chroma component of the second layer computed based on a first
quantization parameter offset set for a chroma component of the first layer and the
given quantization parameter.
(18)

The image processing device according to (17),

wherein the quantization section quantizes transform coefficient data of the
second layer using a given quantization matrix, and

wherein, when a decoder should set the given quantization matrix for the
second layer based on a quantization matrix set for the first layer, the encoding
section refrains from encoding the given quantization matrix.
(19)

The image processing device according to (18), wherein the encoding
section encodes reference layer information which designates the first layer as a
reference layer to be referred to when the given quantization matrix is set.
(20)

An image processing method including:

quantizing transform coefficient data of a chroma component of a second
layer encoded with reference to a first layer using a given quantization parameter;
and

encoding a second quantization parameter offset of the chroma component
of the second layer computed based on a first quantization parameter offset set for a

chroma component of the first layer and the given quantization parameter.

Reference Signs List
[0331]
10, 10v image encoding device (image processing device)
la base layer encoding section

1b enhancement layer encoding section
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quantization section

lossless encoding section

inverse quantization section

quantization control section

image decoding device (image processing device)
base layer decoding section

enhancement layer decoding section

lossless decoding section

inverse quantization section

inverse quantization control section
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CLAIMS

1. An image processing device comprising:

a control section configured to set, based on a first scaling list for a first layer, a
second scaling list for a second layer decoded with reference to the first layer; and

an inverse quantization section configured to inversely quantize transform

coefficient data of the second layer using the second scaling list set by the control section.
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2. The image processing device according to claim 1, wherein, if reference layer
information specifies the first layer as a reference layer, the control section sets the second

scaling list for the second layer based on the first scaling list set for the first layer.

3. The image processing device according to claim 1, wherein the control section

duplicates or predicts the second scaling list from the first scaling list.

4. The image processing device according to claim 1, wherein, if a flag decoded
from an encoded stream specifies that the second scaling list is set based on the first

scaling list, the control section sets the second scaling list based on the first scaling list.

5. The image processing device according to claim 4, wherein the flag is decoded
from the encoded stream separately for different scaling list sizes, different prediction

modes, or different color components.

6. The image processing device according to claim 3, wherein the control section
selects a setting technique for setting the second scaling list according to a second flag

decoded from an encoded stream.
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7. The image processing device according to claim 6, wherein the second flag is
extracted from the encoded stream separately for different scaling list sizes, different

prediction modes, or different color components.

8. The image processing device according to claim 4, wherein the flag is extracted
from SPS (Sequence Parameter Set) and PPS (Picture Parameter Set) of the encoded

stream.
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9. An image processing method comprising the steps of:

setting based on a first scaling list for a first layer, a second scaling list for a
second layer decoded with reference to the first layer; and

inversely quantizing transform coefficient data of the second layer using the

second scaling list set by the control section.

10. The image processing method according to claim 9, wherein, if reference layer
information specifies the first layer as a reference layer, the setting step sets the second

scaling list for the second layer based on the first scaling list set for the first layer.

11. The image processing method according to claim 9, wherein the setting step

duplicates or predicts the second scaling list from the first scaling list.

12. The image processing method according to claim 9, wherein, if a flag decoded
from an encoded stream specifies that the second scaling list is set based on the first

scaling list, the setting step sets the second scaling list based on the first scaling list.
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13. The image processing method according to claim 12, wherein the flag is decoded
from the encoded stream separately for different scaling list sizes, different prediction

modes, or different color components.

14. The image processing method according to claim 11, wherein the setting step
selects a setting technique for setting the second scaling list according to a second flag

decoded from an encoded stream.

15. The image processing method according to claim 14, wherein the second flag is
extracted from the encoded stream separately for different scaling list sizes, different

prediction modes, or different color components.

16. The image processing method according to claim 12, wherein the flag is extracted
from SPS (Sequence Parameter Set) and PPS (Picture Parameter Set) of the encoded

stream.



