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DESCRIPTICN

IMAGE PROCESSING APPARATUS AND METHOD

TECHNICAL FIELD
[G0O01]

The present disclosure relates to an ilmage
processing apparatus and a method, and more particularly,
O an image processing apparatus and a method capable of
reducing the amount of codes regquired for contreolling a

sample adaptive offset filter.

BACKGROUND ART
(00021

In recent vyears, lmage information is treated as
digital information, and at that occasion, an apparatus
is becoming wideliy prevalent that compresses and encodes
an image by employing & coding method for performing
compression by orthogonal transformation and motion
compensation such as discrete cosine transform using
redundancy unigque to image information for the purpose of
highly efficient transmission and accumulation of
information. Examples of the coding methods include MPEG
(Moving Picture Experts Group), H.264 and MPEG-4 Part 10
(Advanced Video Coding, hereinafter referred to as
HE.264/AVC), and the like.
[GoC31

Currently, for the purpose of further improving the
encoding efficiency as compared with the H.264/2VC, a
coding method called HEVC (High Efficiency Video Coding)
is being standardized by JCTVC {Joint Collzboration Team-

Video Ceoding) which is a Joint standards organization of
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the ITU-T and the ISO/IEC {for example, see Non-Patent
Document 1) .
[0004]

In the current draft of HEVC, sample adaptive
offset (SAQ) filter is employved. In the sample adaptive
offset filter, control signals between components of Y,
Chb, Cr are all transmitted independently.
t0005]

In contrast, Non-Patent Document 2 suggests
transmission upon replacing an ON/OFF contrel signal
between components with a single syntax and transmitting
the type of the filter and coefficients independently

between components.

CITATION LIST

NON-PATENT DOCUMENT

[0006]

Non-Patent Document 1: Benjamin Bross, Woo-Jin Han, Jens-
Rainer Ohm, Gary J. Sullivan, Thomas Wiegand, “High
efficiency video coding (HEVC) fLext specification draft
7, JCTVC-I1063 ver3, 2012.56.1

Non-Patent Document 2: Woo-Shik Kim, Do-Kycung Kwon, In
Suk Chong, Marta Karczewicz, “LCU 3SA0 Enable Flag Coding”,
JCTVC-T0193, Joint Colliaborative Team on Video Coding
(JCT-VC)of ITU-T SG16 WP3 and ISC/IEC JTCL1/S8C2%/WGE1l1 9th

Meeting: Gensva, CH, 27 April-7 May, 2012

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTICHN
[0007]

However, in the above suggestion, the tvpe



10

15

20

25

30

information is transmitted independently hetween the
components of Y, Cb, Cr, and therefore, there is a high
amount of codes reguired for controlling the sample
adaptive offset filter.
[0008]

The present disclosure is made in view of such
circumstances, and the amount of codes required for
controlling the sample adapiive offset filter can be

reduced.

SCLUTIONS TO PROBLEMS
[0009]

An image processing apparatus according to a first
aspect of the present disclosure includes a decoding unit
configured to perform decoding processing on a coded
stream to generate an image, and a sample adaptive coffset
filter unit configured to apply sample adaptive offset
filter to the image generated by the decoding unit in
accordance with a type of a sample adaptive offset filter
which is common to components of the image.
fooigl

The type of the sample adaptive offset filter is
common to a brightness component and a color difference
component of the image.

(00111

The type of the sample adaptive offset filter 1is
common to color difference compeonents of the image.
[0012]

The type of the offset filter is common to a first
color difference component and a second color difference

component.
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[0013]
When the type of the sample adaptive offset filter
corresponding to the first color difference component is

a band cffset, the type of the sample adaptive offset

h

ilter corresponding to the seccond color difference

9]

omponent 1s a band offset.
[0014]

When the type of the sample adaptive offset filter
corresponding to the first color difference component is
an edge offset, the type of the sample adaptive ocffset
filter corresponding to the second color difference
component is an edge offset.

[00L5]

When the type of the sample adaptive offset filter
is an edge offset, a pattern rule of thes edge offset is
common bpetween color difference components of the image.
(0016}

When the type of the offset filter corresponding to
the first color difference component is one-dimensional
pattern of an edge cffset, the type of the offset filter
corresponding to the Secbnd color difference component is
cne—~dimensional pattern c¢f the edge cffset.

[0017]

When the type of the offset fiiter corresponding to
the first color diffesrence component is two-dimensional
pattern of the edge offset, the type of the offset filter
corresponding to the second color difference component is
two—dimensional pattern of the edge coffset.

[0018]
When the type of the offset filter corresponding to

the filirst color difference component is a type for not



10

20

25

30

applying an offset, the type of the offset filter
corresponding to the second color difference component is
a type for not applying an coffset.
[0012]

A cclor space of the image 1s in a Y/Cbhb/Cr format.
(o020l

The image processing apparatus further includes a
reception unit configured to receive the coded stream and
type information indicating the type of the sample
adaptive offset filter common between components of the
image, and the decoding unit can use the type information
received by the resception unit to decode the coded stream
received by the recéption unit.
(00217

The image processing apparatus further includes a
deblock filter unit configured to apply deblock filter to
the image generated by the decoding unit, and the sample
adaptive offset filter unit can apply sample adaptive
offset filter on the image to which the deblock filter is
applied by the deblock filter unit.
[00221

The reception unit can recelve a merge flag
indicating a same offset as an adjacent coding unit
adjacent to a current coding unit, and the sample
adaptive offset filter unit can use the merge flag
received by the reception unit to apply sample adaptive
offset filter to the image generated by the decoding unit.
[0023]

An image processing method according te a first
aspect of the present discleosure includes pexrforming

decoding processing on a coded stream to generate an
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image, and applying sample adaptive offset filter to the
generated image in accordance with a type of a sample
adaptive offset filter which is common to components of
the image.
(00247

In the first aspect of the present disclosure, the
coded stream is decoded, and the image is generated.
Then, the sample adaptive offset filter is applied to the
generated image in accordance with the type of the sample
adaptive offset filter which is commen between the
components of the image.
[00Z25]

It should be neted that the image precessing
apparatus explained above may be an indspendent apparatus,
or may ke an internal block constituting an image coding

device or an image decoding device.

EFFECTS OF THE INVENTION
[C0z6]

According to a first aspect of the present
disclosure, an image can be decoded. In particular, the

amount of codes can be reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0027]

Fig. 1 is a block diagram illustrating an example
of main configuraticn of an image coding device,

Fig. Z 1s a flowchart for explaining an example of
flow of encoding processing.

Fig. 2 1is a block diagram illustrating a main

example of configuration of an imags decoding device.



15

3N
<

30

Fig. 4 1is a flowchart for explaining an example of
flow of decoding processing.

Fig., 5 is a figure for explaining band offset.

Fig. 6 is a figure for explaining edge cffset.

Fig. 7 is a figure illustrating a rule list table
of the edge ocffset.

Fig. 8 is a flowchart for explaining conventional
SAC control informaticon transmission processing.

Fig. 9 is a block diagram illustrating an example
of configuration of a sample adaptive offset filter to
which the present disclosure 1s applied.

Fig. 10 is a flowchart for explaining sample
adaptive offset filter processing.

Fig. 11 is & flowchart for explaining SAOC control
information setting processing.

Fig. 12 is a flowchart for explaining SAO ceontrol
information transmission processing.

Fig. 13 is a block diagram illustrating ancthex
example of configuration of a sample adaptive offset
filter to which the present disclosure is applied.

Fig. 14 is a flowchart for explaining sample
adaptive offset filter processing.

Fig. 15 is a flowchart for explaining SAQC control
information transmission processing.

Fig. 16 is & block diagram illustrating an example
of configuration of & sample adaptive offset filter to
which the present disclosure is applied.

Fig. 17 is a flowchart for explaining sample
adaptive offset filter processing.

Fig. 18 is a flowchart for explaining BA0C control

information reception processing.
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Fig. 19 is a block diagram illustrating another
example of configuration ¢of a sample adaptive offset
filter teo which the present disclosure is applied,.

Fig. 20 is a flowchart for explaining sample
adaptive offset filter processing.

Fig., 21 is a figure illustrating an example of z
malti-viewpoint image encoding method.

Fig. 22 is a figure illustrating a main example of
configuration of & multi-viewpoint image coding device to
which the present disclosure is applied.

Fig. 23 is a figure illustrating a main example of
configuration of a multi-viewpolnt image decoding device
to which the present disclosure is applied.

Pig. 24 is a figure illustrating an example of a
hierarchical image encoding method.

Fig. 25 is a figure illustrating & main example of
configuration of a hierarchical image coding device to
which the present disclosure is applied.

Fig. 26 is a figure illustrating an example of main
configuraticon of a hierarchical image decoding device to
which the present technique is applied.

Fig. 27 is a block diagram illustrating an example
of main configuration cof a computer.

Fig. 28 is a block diagram illustrating an example
of schematic configuration of a television device.

Fig. 2% is a hlock diagram illustrating an example
of schematic configuration of a cellular phone.

Fig. 30 is a block diagram illustratingkan example
of schematic configuration of & recording/reproducing
device.

Fig. 31 i

n

a block diagram illustrating an exanple
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of schematic configuraticn of an image-capturing device.

MODE FOR CARRYING OUT THE INVENTION
[0028]

Hereinafter, modes for carrying out the present
disclosure (hereinafter referred to as embodiments) will
be explained. It should be noted that the explanation
will be made in the fcllowing order.

1. Apparatus and overview of operation

2. Explanaticn abcut conventional method

3. FPirst embodiment (image processing apparatus (encoding
side) )

4, Second smbodiment (image processing apparatus
{(decoding side))

5. Third embodiment (multi-viewpeolint image
encoding/multi-viewpcint image decoding device)

€. Fourth embodiment (hierarchical image
encoding/hierarchical image decoding device)

7. Fifth embodiment (computer)

I

xample of application

{00298]

o]
.

<1l. Apparatus and overview of operation>

[Example of configuration of image coding device]

Fig. 1 illustrates a configuration of an embodiment
of an image coding device serving as an image processing
apparatus to which the present disclosure is applied.
10030}

An image coding device 11 as shown in Fig. 1 uses
predicticn preccessing tc encode image data. In this case,
an example of an encoeding method includes a HEVC (High

pfficiency Video Coding) method.
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[0031]

In this HEVC method, a coding unit (CU) 1s defined.
The CU is also referred to as a Coding Tree Block (CTB),
and 1s a partial area of an image in unit of picture,
which is a counterpart of the macro block in an H.264/AVC
method. In the latter, the size is fixed to 16 by 16
pixels, but in the former, the size is not fixed, and in
each sequence, the size 1s designated in image
compression informatiom.

(60323

For example, in Seguence Parameter Set (SPS)
included in the coded data which are to be output, the
maximum size of the CU {(LCU (Largest Coding Unit}) and
the minimum size Therecof ((SCU(Smallest Coding Unit)).
[0033]

In each LCU, split-flag is 1 as lcng as the size is
not less than the size of 8CU, and accordingly, it is
possible to divide a CU into CUs of a smaller size. When
the value of split flag is “1”, a CU of which size is 2N
by 2N is divided intoc CUs of which size is N by N, which
is a hierarchy in one level below.

[0034)]

Further, the CU is divided into Prediction Units
{PUs), which are areas serving as target areas of intra-
or inter-prediction {(partial areas of an image in unit of
picture), and divided into Transform Units (TUs) which
are areas S£rving as target areas of orthogonal
transformation (partial areas of an image in unit of
picture}. Currently, in the HEVC method, nct only 4 by 4
and 8 by 8 but also 16 by 16 and 32 by 32 orthogonal

transformation can be used.
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[0035]

In the example of Fig. 1, the image coding device
11 includes an A/D {Bnalog/Digital} conversion unit 21, a
screen sorting buffer 22, a calculation unit 23, an
orthogonal transformation unit 24, a guantization unit 25,
a lossless coding unit 26, and accumulation buffer 27,
The image coding device 11 also includes an inverse-
gquantization unit 28, an inverse-corthogonal
transformation unit 298, a calculation unit 30, a deblock
filter 31, a frame memory 32, a selection unit 33, an
intra-prediction unit 34, a motion
prediction/compensation unit 35, a prediction image
selection unit 36, and a rate control unit 37.

[0036]

Further, the image coding device 11 includes a
sample adaptive offset filter 41 and an adaptive loop
filter 42 provided between the deblock filter 31 and the
frame memory 32.

[0037]

The A/D conversion unit 21 performs A/D convarsion
on received image data, and provides converted image data
to the screen sorting buffer 22 to store the image data
therein.

[0038]

The screen sorting buffer 22 sorts images of frames
in the stored display order inic the order of frames for
coding in accordance with a GOP (Group of Picture)
structure. The screen sorting buffer 22 provides the
imagess of which frame crder has been scrted to the
calculation unit Z23. The screen sorting buffer 22 also

provides the images cof which frame order has been sorted
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to the intra-prediction unit 34 and the motion
prediction/compensation unit 35.
[0039]

The calculaticn unit 23 subtracts a prediction
image, which is provided from the intra-prediction unit
34 or the motion prediction/compensation unit 35 via the
prediction image selection unit 326, from an image read
from the screen sorting buffer 22, and provides
difference information thereof to the orthogonal
transformation unit 24.

(00401

For example, in a case of an intra-coded image, the
calculation unit 23 subtracts a prediction image, which
is provided from the intra-prediction unit 34, from an
image read from the screen sorting buffer 22. For
example, in a case of an inter-coded image, the
calculation unit Z3 subtracts a prediction image, which
is provided from the motion predicticon/compensation unit

35, from an image read from the screen sorting buffer 22.

The orthogonal transformation unit 24 applies
orthogonal transformaticon such as discrete cosine
transform and Karhunen-lLoeve transform on difference
informaticon provided from the calculation unit 23. The
orthogonal transformation unit Z4 provides transformation
coefficients to the gquantization unit Z5.

[0042]

The quantization unit 25 guantizes the
transformation coefficients which are output from the
orthogonal transformation unit 24. The guantization unit

25 provides the gquantized conversion coefficients to the
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lossless coding unit 24.
[0043]

The lossless coding unit 26 appliles lossless coding
such as variable length encoding or arithmetic encoding
tce the guantized transformation coefficients.

[0044]

The lcssless coding unit 26 obtains parameters such
as information indicating the intra-prediction mode from
the intra-prediction unit 34, and cbtains parameters such
as information indicating the inter-prediction mode and
motion wvector informaticn from the metion
prediction/compensation unit 35.

[0045]

The lossless coding unit 26 encodes the guantized
transformation coefficients, and the obtained parameters
{syntax elements)}, and the like, and makes them a part of
header information of coded data {(multiplexing). The
lossless coding unit 26 provides the coded data cbtained
through the encoding process to the accumulation buffer
27 and steores the coded data therein.

[0046)]

For example, the lcossiess coding unit 26 performs
lossless coding processing such as variable length
encoding or arithmetic encoding. 2&n example of the
variable length encoding includes CAVLC (Context-Adaptive
Variable Length Coding). An example of the arithmetic
encoding includes CABAC (Context-Adaptive Binary
Arithmetic Coding).

[0047]
The accumulation buffer 27 temporarily holds coded

stream (data) provided by the lossless coding unit 26.
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With predetermined timing, the accumulation buffer 27
outputs the coded data held therein as an encoded image
to, for example, a recording device, and a transmission
path, not shown, provided in a later stage. More
specifically, the accumulation buffer 27 is also =
transmission unit which transmits a coded stream.

[0048]

The transformation coefficlents quantized by the
guantization unit 23 1s also provided to the inverse-
guantization unit 28. The inverse-quantization unit 28
deguantizes the quantized transformation coefficients
according to a method correspoending to the gquantization

by the guantization unit 25. The inverse-~guantization

unit 28 provides the obtained transformation coefficients

o the inverse-orthogonal transformation unit 29.
[0049]
The inverse-orthogonal transformation unit 29

performs inverse-corthogonal transformation on the

‘provided transformation coefficients according to a

method corresponding to the orthogonal transformation

processing by the orthogeonal transformation unit 24. The

output obtained from the inverse-orthogonal
transformation (restored difference information! is
provided to the calculation unit 30.

[0050]

The calculation unit 30 adds a prediction image,
which 1s provided from the intre~prediction unit 34 or
the motion prediction/compensation unit 35 via the
predicticon image selection unit 3€, tc restored
difference information which is an inverse-crthogonal

transformation result provided from the inverse-
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orthogonal transfermation unit 29, thus obtaining a
locally decoded image (deccoded image).
(0051

For example, when the difference information
corresponds to an intra-encoded image, the calculation
unit 30 adds the prediction ilmage provided by the intra-
prediction unit 34 to the difference information. For
example, when the difference information corresponds to
an inter-encoded image, the calculation unit 30 adds the
pradiction image provided by the motion
prediction/compensation unit 35 to the difference
information.

[0052]

The decoded image which is the result of the
addition is provided to the deblock filter 31 and the
frame memory 3Z.

[0053]

The debleck filter 31 perfcorms, as necessary,
deblock filter processing on the deccded image thus
removing block distortion in the decocded image. The
debleck filter 31 provides the filter preccessing result
to the sample adaptive offset filter 41.

[0054]

The sample adaptive offset filter 41 performs
sample adaptive offset [(3A0) processing for mainly
removing ringing from an image filtered by the deblock
filter 31. The sample adaptive offset filter 41 provides
the filtered image to the adaptive loop filter 42.
[0055]

There are totally nine types of offset filters,

which include two types of band offsets, six types of



(S

3]

16

edge offsets, and one without any offset. The sample
adaptive offset filter 41 sets information indicating the
ON/OFF state of each component for each slice, a type of
an offset filter for each LCU which is the maximum coding
unit, and an offser {(value}. Among them, the type of the
filter is set commonly to the components of ¥, Cb, Cr.
The sanmple adaptive cffset filter 41 uses the type and
the offset which have been set to apply filter processing
to the image filtered by the deblock filter 31. In the
explanation below, a color space will be used as an
example, in which the brightness signal is denoted as Y,
and the color difference zigqnals are denoted as Cb, Cr.
More specifically, they are simply dencted as Y, Cb, Cr,
but Y represents a brightness component, Cb represents a
Ck color difference component, and Cr represents a Cr
color difference compenent.

[0056]

The sanple adaptive offset filter 41 provides
infermation indicating the type, which has besen set, to
the lossless coding unit 26 so that it 1s encoeded. In
the sample adaptive offset filter 41, the offset
explained above is a ccefficient of a filter. As
necessary, the offset is also referred to as a
coefficient. It should be noted that the details of the
sample adaptive offset filter 41 will be explained in Fig.
9 later.

(00571

For example, the adaptive loop filter 42 performs
adaptive loop filter (ALF) processing on each LCU which
is the maximum coding unit. The adaptive loop filter 42

uses, for example, two-dimensional Wiener Filter as a
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filter., It is to be understood that a filter other than
the Wiener Filter may be used.
[0058]

The adaptive loop filter 42 uses the filter
coefficient to perform filter processing, for each LCU,
on the image filtered by the sample adaptive offset
filter 41, and provides the filter processing result to
the frame memory 3Z2.

[0059]

Although detailed description is omitted in this
specification, the image coding device 11 uses the filter
coefficient calculated by the adaptive loop filter 42 for
gach LCU so that the residual from the original image
given by the screen sorting buffer 12 becomes the
smallest. The calculated filter coefficient is encoded
by the lossless coding unit 26, and is transmitted to the
image decoding device 51 of Fig. 3 explained later. In
this specification, for example, processing is performed
for each LUC, but the processing unit of the adaptive
loop filter 42 is not limited thereto.

[0050]

With predetermined timing, the frame memory 32
outputs the accumulated reference image via the selection
unit 33 te the intra-prediction unit 34 or the motion
prediction/compensation unit 35.

10061}

For exampie, in a case of an intra-coded image, the
frame memory 32 provides the reference image via the
selection unit 33 to the intra-predicticon unit 34. For
example, in a case of an inter-coded image, the Irame

memory 32 provides the reference image via the selection
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unit 33 to the motion prediction/compensation unit 35.
[Q062]

When the reference image provided from the frame
memory 22 is an intra-coded imags, the selection unit 33
provides the reference image tce the intra-prediction unit
34. When the reference image provided from the frame
memory 3Z2 1is an inter-coded image, the selection unit 33
provides the reference image tc the motion
prediction/compensation unit 33.

(00631

The intra-prediction unit 34 uses pixel wvalues
within the screen to perform intra-prediction (prediction
within a screen} to generate a prediction image. The
intra-prediction unit 34 performs intra-prediction in
multiple modes (intra-prediction modes).

[0064]

The intra-prediction unit 34 generates prediction
images with all the intra-prediction modes, and evaluates
sach prediction image, thus selecting the optimum mode.
When the optimum intra-prediction mode is selected, ths
intra-prediction unit 34 provides the prediction image
generated with the optimum mode via the prediction image
selection unit 36 to the calculation unit Z3 and the
calculation unit 20.

[0065]

As described above, intra-prediction unit 34
provides a parameter such as intra-prediction mode
information and the like indicating the employed intra-
prediction mode to the lossless coding unit 26 as
necessary.

[GCeE]
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The moticn prediction/compensation unit 35 uses an
input image provided from the screen sorting buffer 22
and a reference image provided from the frame memory 32
via the selection unit 33 tb perform the motion
prediction on the image which is to be inter encoded.

The motion prediction/compensation unit 35 performs the
motion compensation processing in accordance with the
motion vectors detected by the motion predictiocn, thus
generating a prediction image (inter-prediction image
information} .

[0oe7]

The motion predicticn/compensation unit 35 performs
the inter-prediction with all the candidate inter-
predicticon modes tTo generate the prediction images. The
motion prediction/compensation unit 35 provides the
generated prediction image via the prediction image
selection unit 36 to the calculation unit 23 and the
calculation unit 30.

[0068)

The motion prediction/compensation unit 3% provides
the inter-prediction mode information indicating the
employved inter-prediction mode and a parameter such as
motion vector information indicating the calculated
motion vectors to the lossless coding unit 26.

{00069}

In a case of an intra-coded image, the prediction
image selecticon unit 36 provides the output cof the intra-
prediction unit 34 to the calculation unit Z3 and thé
calculation unit 30, and in a case of an inter-coded
image, the prediction image selection unit 36 provides

the output of the motion prediction/compensation unit 35
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to the calculation unit 2Z3 and the calculation unit 30.
[0070]

The rate control unit 37 controls the rate of the
guantization operation of the guantization unit 25 so as
not to cause overflow or underxfliow, on the basis of =z
compressed image accumulated in the accumulation buffer
27.

(00711

[Operation of image coding device]

A fiow of encoding processing executed by the image
coding device 11 as explained above will be explained
with reference to Fig. Z.

(00721

In step S1i, the A/D conversion unit 21 performs
A/D conversion on a received image. In step 312, the
screen sorting buffer 22 stores images that have been
subjected to the A/D conversion, and sorts them from the
order in which pictures are displayed into the order in
which they are sncoded.

[00731

When a processing target lmage provided from the
screen sorting buffer 22 is an image of a block which is
intra processed, a decoded image which is referred to is
read from the frame memory 32, and is provided via the
selaction unit 33 to the intra-prediction unit 24,
toC74]

On the basls of these images, in step $13, the
imtra—predictidn unit 34 performs intra-prediction on the
pixels of the processing target block in all the
candidate intra-prediction medes. It should be noted

that a pixel not filtered by the deblock filter 31 is
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used as a decoded pixel which is referred to.
{00757

With this processing, the intra~prediction is
performed in all the candidate intra-prediction modes,
and the cost function wvalues are calculated for all the
candidate intra-prediction modes. Then, the optimum
intra-prediction mode is selected on the basis of the
calculated cost function values, and the prediction image
generated with the intra-prediction in the optimum intra-
praediction mode and the cost function value thereof are
provided to the prediction image selection unit 36.
[0076]

When the processing target image provided from the
screen sorting buffer 22 is an image which is to be
inter~-processed, the image which is referred to is read
from the frame memory 32 and is provided via the
selection unit 33 to the motion prediction/compensation
unit 35. ©On the basis of these images, in step 514, the
motion prediction/compensation unit 35 performs the
metion predicticn/compensation processing.

[Qo77]

With this processing, the motion prediction
processing is performed in all the candidate inter-
prediction modes, and the cost function values are
calculated for all the candidate inter-prediciion modesg,
and the optimum inter-prediction mode is determined on
the basis of the calculated cost function value. Then,
the predicticon image generated in the optimum inter-
prediction mode and the cost function value thereof are
provided to the prediction image selection unit 36.

[0078]
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In step 315, the prediction image selection unit 35§
determines, as the optimum prediction mode, one of the
optimum intra-prediction mode and the optimum inter-—
prediction mode on the basis of the cost function values
which are cutput from the intra-prediction unit 324 and
the motion prediction/compensation unit 35. Then, the
prediction image selection unit 36 selects the prediction
image in the determined optimum prediction mode, and
provides the prediction image to the calculation units 23,
30. The predicticn image 1s used for calculation in
steps 316, 321 explalined later.

[0079]

The selection information of thes prediction image
15 provided to the intra-prediction unit 34 or the motion
prediction/compensation unit 35. When the prediction
image in the optimum intra-prediction mode 1s selected,
the intra-prediction unit 34 provides the information
indicating the optimum intra-prediction mode {(more
specifically, a parameter of intra-prediction) te the

T

lossless coding unit 26,

When the prediction image in the optimum inter-
prediction mode 1s selected, the motion
prediction/compensation unit 35 cutputs information
indicating the optimum inter-prediction mode and
infermation according to the optimum inter-prediction
mode {more specifically, a parameter of motion
prediction) to the lossless coding unit 26. The
information according to the optimum inter-prediction

-

nciudes motion vector information, reference frame

Q.
P

Qae

information, and the like.
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(00813

In step 816, the calculation unit Z3 calculates a
difference between the images sorted by the processing in
step 312 and the prediction image selected by the
processing in step 315. When the inter-prediction is
performed, the predicticon image is provided from the
motion prediction/compensation unit 33 via the prediction
image selection unit 36 to the calculation unit 23. When
the intra-prediction is performed, the prediction image
is provided from the intra-prediction unit 34 via the
prediction image selection unit 36 to the calculation
unit 23.

10082]

The amount of data of the difference data 1is
reduced as compared with the original image data.
Therefore, the amount of data can be compressed more
greatly as compared with a case where an image 1s encoded
as it is.

[0083]

Iin step 517, the orthogonal transformation unit 24
performs orthogonal transformation on difference
information provided from the calculation unit 23. Mcre
specifically, crthogeonal transformation such as discrete
cosine transform and Karhunen-Loeve transformation and
like is performed and, transformation coefficilients are
cutput.

(60841

In step S18, the quantization unit 25 quantizes the
transformation coefficlents. In this guantization, the
rate is controlled as explained in the processing of step

S28 described later.
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[G085]

As described above, the quantized difference
infermation i1s locally decoded as follows. More
specifically, in step 8§19, the inverse-gquantization unit
28 degquantizes the transformation coefficient gquantized
by the quantization unit 25 accerding to the
characteristics corresponding to the characteristics of
the guantization unit 25. In step $20, the inverse-
orthogonal transformation unit 29 performs inverse-
orthogonal transformation on the transformation
coefficlents deguantized by the inverse-guantization unit
28 according to the characteristics corresponding to the
characteristics of the orthogonal transformation unit 24.
[0086]

In step S21, the calculation unit 30 adds the
prediction image received via the prediction image
selecticon unit 36 to difference informaticon locally
decoded, and generates a Locally decoded (i.e., locally
decoded) image (lmage corresponding to input to the
calculation unit 23).

[ooe7)]

In step 322, the deblock filter 31 performs the
deblock filter processing on the image which i1s output
from the calculation unit 3G, thus removing bhlock
distortion. The filtered Image provided by the deblock

filter 31 is output to the sample adaptive offset filter

o=

1.
(00881

In step 823, the sample adaptive offset filter 41
prerforms sample adaptive offset filter p:ocessing. With

this processing, the type of the offset filter which iz
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common to the components of Y, Cbhb, Cr is set for sach LCU
which is the maximum coding unit, and further, the offset
is set for each component. Further, by using them, the
filter processing is applied to the image filtered by the
deblock fllter 321. It should be noted that the details
of the sample adaptive offset filter processing will be
explained later with reference to Fig. 10.

1008973

Each pilece of information obtained when the type
informaticon common to the components and the offset for
each component are provided te the lossless coding unit
26 {(which will be hereinafter collectively referred to as
adaptive offset parameters) are encoded in step 526
explained later.

{00380

In step 524, the adaptive lcoop filter 42 applies
adaptive loop filter processing to the image filtered by
the sample adaptive offset filter 41. For example, on
the image filtered by the sample adaptive offset filter
41, the filter prccessing 1s applied to an image for =ach
LCU using the filter coefficients, and the filter
processing result 1s provided to the frame memory 32.
i0081]

As described above, the processing units of the
sample adaptive offset filter 41 and the adaptive loop
filter 42 are caused to be the same, so that the
processing can be done efficiently.

[0052]

In step 525, the frame memcry 32 stores filtered

images. It should be noted that the frame.memory 3Z also

receives images, which are not filtersd by the deblock
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filter 31, the sample adapiive offset filter 41, and the
adaptive loop filter 42, from the calculation unit 30,
and stores the images.

[0093]

On the other hand, the transformation coefficients
gquantized in step S18 explained above are alsc provided
to the lossless coding unit 26. In step $S2&, the
lossless coding unit 26 encodes the guantized
transformaticn coefficients which are cutput from the
quantization unit 25 and the provided paramesters. More
specifically, the difference image is encoded by lossless
encoding such as variable length encoding, arithmetic
encoding, and the like to be compressed. In this case,
the parameters of the sample adaptive offset filter are
also encoded.

[0094]

In step 827, the accumulation buffer 27 accumulates
the encoded difference image (which is a coded stream) as
a compressed image. The compressed images accumulated in
the accumulation buffer 27 are read as necessary, and
transmitted to the decoding side via the transmission
path.

10095]

In step 828, the rate control unit 37 controls the
rate of the quantization operation of the guantization
unit 25 so as not to cause overflow or underflow, on the
basis of the compressed image accumulated in the
accumulation buffer 27.

[009e]
When the processing of step 528 is finished, the

encoding processing is terminated.
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[6097]

[Example of configuration of image decceding device]

Fig. 3 illustrates a configuration of an embodiment
of an image decoding device serving as an image
processing apparatus to which the present disclosure is
applied. The image decoding device 51 as shown in Fig. 3
is a decoding device corresponding to the image coding
device 11 of Fig. 1.

(06987

The coded stream (data) encoded by the image coding
device 11 1s transmitted via a predetermined transmission
path to the image decoding device 51 corrsesponding to the
image coding device 11, and is decoded by the image
decoding device 51.

[0099]

As shown in Fig. 3, the image decoding device 51
includes an accumulation buffer 61, a lossless decoding
unit 62, an inverse-quantization unit 63, an inverse-
orthogonal transformation unit 64, a calculation unit 65,
a deblock filter 66, a screen sorting buffer 67, and =z
D/A conversion unit 68. The image decoding device 51
includes a frame memory 69, & selection unit 70, an
intra~prediction unit 71, a motion
prediction/compensation unit 72, and a selection unit 73.
[0100]

Further, the image decoding device 51 includes a
deblock filter 66 and a sample adaptive offset filter 281
and adaptive lcoop filter 82 between the screen sorting
buffer 67 and the frame memory 69.

[0101]

The accumulation buffer 61 is also a recepiion unit
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which receives coded data transmitted. The accumulation
buffer 61 receives and accumulates coded data transmitted.
The coded data are encoded by the image coding device 11.
The lossless decoding unit 62 decodes coded data, which
are read from the accumulation buffer 61 with
pradetermined timing, in accordance with the method
corresponding to the encoding method of the lossless
coding unit 26 of Fig. 1.

[0102)]

The lossless decoding unit 62 provides a parameter
such as information indicating the intra-prediction mode
in which decoding is performed to the intra-prediction
unit 71, and provides information indicating the inter-
prediction mode and a parameter such as motlon vector
information to the motion prediction/compensation unit 72.
The lossless decoding unit 62 provides the decoded
adaptive offset parameters {such as information
indicating ON/OFF states of the componsnts, information
indicating the type common to the components for each 1LCU,
the offset of each component, and the like] to the sample
adaptive offset filter 81.

[0103]

The inverse-quantization unit 63 dequantizes the
cosfficient data obtained in the decoding process
performed by the lossless decoding unit 62 (guantized
coefficients) in accordance with the method corresponding
to the guantization method of the guantization unit 25 of
the Fig. 1. More specifically, the inverse-~guantization
unit 63 uses the guantization parameters provided by the
image coding device 11 to deguantize the guantization

coefficients in accordance with the same method as that
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of the inverse-guantizaticon unit 28 of Fig. 1.
[0104]

The inverse-guantization unit €3 provides the
inverse-quantized coefficient data, i.e., the corthegonal
transformation coefficients, tec the inverse-orthogonal
transformation unit 64. The inverse-orthogonal
transformation unit &4 performs inverse-orthogonal
transfermation on the orthogonal transformation
coefficients according to the method corresponding to the
orthogonal transformation methoad of the corthogonal
transformation unit 24 of Fig. 1, and obtains decoded
residual data corresponding to residual data before the
orthogonal transformation is performed by the image
coding devigce 11.

[0105]

Tre obtained decoded residual data cbtained from
the inverse-crthogonal transfcrmation ls provided to the
calculation unit 65. The calculation unit &5 receives a
prediction image from the intra-prediction unit 71 or the
motion prediction/compensation unit 72 via the selection
unit 73.

(010867

The calculation unit 65 adds the decoded residual
data and the prediction image, and obtains decoded image
data corresponding to image data befcore the prediction

image is subtracted by the calculation unit Z3 of the

image coding device 11. The calculation unit &5 provides
the decoded image data to the deblock filter 66,
[0107]

The deblock filter 66 performs the deblock filter

processing on the decoded image as necessary To remove
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block distortion from the decoded image. The deblock
filter &6 provides the filter processing result to the
sample adaptive offset filter 81.

[0108]

The sample adaptive offset filter 81l performs
offset filter (SAC} processing, mainly for removing
ringing, on the image filtered by the deblock filter 66,
[0109]

The sanmple adaptive offset filter 81 uses the
adaptive offset parameter provided from the lossless
decoding unit €2 te apply the filter processing on the
image filtered by the deblock filter 66 for each LCU
which is the maximum coding unit. The sample adaptive
offset filter 81 provides the filtered image to the
adaptive loop filter 8Z.

[0110]

The detzils of the sample adaptive offset filter 81
will be explained in Fig. 1%, but the sample adaptive
offset filter 81 receives the information indicating the
ON/OFF state of each component for each slice, and the
type {type) and the cffset (value) of the offset filter
for each LCU which is the maximum coding unit. BAmong
them, the type of the filter is sel commonly to the

components of Y, Cb, Cr. The sample adaptive offset

ty

filter 81 uses the received type and offset to apply the

t

Fh

Ter processing Lo the image filtersd by the debklock

=
)

Hh

ilter 66.

t
o

[0111]

[

The adaptive loop filter 8Z is configured bkasically
in the same manner as the adaptiive lcop filter 42 of the

image coding device 11 of Fig. 1, and performs the
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adaptive loop filter processing on each LCU which is the
maximum coding unit. For the image filtered by the
sample adaptive offset filter 81, the adaptive loop
filter 82 uses the filter coefficients to perform the
filter processing on each LCU, and provides the Ifilter
processing result to the frame memory 69 and the screen
sorting buffer ©7.

10112}

Although the detailed description is omitted in
this specification, the filter ccocefficients are
calculated for each LUC by the adaptive loop filter 42 of
the image coding device 11 in the image decoding device
51, and those encoded and received are decoded by the
lossless decoding unit 62 to be used.

[0113]

The screen sorting buffer 67 sorts images. More
specifically, the order of frames sorted for the order of
encoding by the screen sorting buffer 22 of Fig. 1 is
sorted into the original <drder for display. The D/A
conversion unit 68 performs D/A conversion on an image
provided from the screen sorting buffer 67, outputs the
image to a display, not shown, and causes the display to
show the image.

[0114]

The output of the adaptive loop filter 82 is
further providad to the frame memcry £9.
[0115]

The frame memcry 69, the selection unit 70, the
intra-prediction unit 71, the motion
prediction/compensation unit 72, and the selection unit

73 respectively correspond to the frame memory 32, the
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selection unit 33, the intra-prediction unit 34, the
motion prediction/compensation unit 35, and the
prediction image selection unit 36 of the image coding
device 11.

10116}

The selection unit 70 reads inter-processed ilmage
and the reference image from the frame memory 6%, and
provides the images to the motion prediction/compensaticn
unit 72. The selection unit 70 reads the image used for
the intra-prediction from the frame memory 69, and
provides the ilmage to the intra-prediction unit 71.
[0117]

As necessary, the lossless decoding unit 62
provides the intra-prediction unit 71 with, such as
information indicating intra-prediction mode obtalned by
deceding the header information. On the basis of the
information, the intra-prediction unit 71 generates a
prediction image from the reference image obtained from

the frame memory 6%, and provides the generated

t

pradiction image to the selecticn unit 73.
101181

The motion prediction/compensation unit 72 receives
information obtained by deccding the header information
(the prediction mode information, the motion vector
information, the reference frame information, the flags,
various kinds of parameters, and the like) from the
lossliess decoding unit 6.
[0119]

On the basis of the information provided from the
lossless decoding unit 62, the motion

rediction/compensation unit 72 generates the prediction
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image from the refersnce image obtained from the frams
memory 6%, and provides the generated prediction image to
the selection unit 73.

{01201

The seiection unit 72 selects the prediction image
generated by the motion prediction/compensation unit 72
or the intra-prediction unit 71, and provides the
selected prediction image to the calculation unit 65.
[0121]

[Creration of image decoding device]

An example of flow of decoding processing executed
by the image decoding device 51 as explained above will
be explained with reference to Fig. 4.

10122]

When the deccding processing is started, the
accumulation buffer 61 receives and accumulates the coded
stream {(data), which has been transmitted, in step S:1.
In step 352, the lossless decoding unit 62 decodes the
coded data provided from the accumulation buffer 61.
Ipicture, Ppicture, and Bpicture encoded by the lossless
coding unit 28 of Fig. 1 are decoded.

[0123]

Before decoding of the picture, information about
parameters such as the motion vector informaticn, the
reference frame information, and the prediction mode
information (the intra-prediction mode or the inter-

prediction mode) is also decoded.

t

(]
)

24]
When the prediction mode information is Iintra-
prediction mode infermaticn, the prediction mode

information 1s provided to the intra-prediction unit 71.
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When the prediction mode information is inter-prediction
mode infeormation, the motion vector information
corresponding to the prediction mode information and the
like are provided to the motion prediction/compensation
unit 72. The adaptive offset parameter is also decodad,
and is provided to the sample adaptive offset filter EB1.
[0125]

In step 553, the intra-prediction unit 71 or the

3

motion prediction/compensation unit 72 respectively
performs prediction image generation processing in
asscciation with the prediction mode information provided
from the lossless decoding unit 62.
[01Z28]

More specifically, when the lossless decoding unit
62 provides the intra-prediction mode information, the
intra-prediction unit 71 generates the intra-prediction
image in the intra-prediction mode. When the lossless
decoding unit 62 provides the inter-prediction mode
information, the motion prediction/compensation unit 72
parforms the motion prediction/compensation processing in
the inter-prediction mode, and generates the inter-
prediction image.
(01271

With this processing, the prediction image {intra-
prediction image) generated by the iIntra-prediction unit
71 or the prediction image (inter-prediction image)
generated by the motion prediction/compensation unit 72
is provided t¢ the selection unit 73.
[0iz8]

In step 554, the selection unit 73 selects the

prediction image. More specifiically, the predicticon
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image generated by the intra-prediction unit 71 or the
prediction image generated by the motion
prediction/compensation unit 72 is provided. Therefore,
the provided prediction image is selected, and provided
te the calculation unit €5, and is added to the output of
the inverse-crthogecnal transformation unit 64 in step 557
explained later.

[0129)] _

In step 552 explained above, the transformation
ceefficients deccded by the lossless decoding unit €2 are
also provided to the inverse—guantization unit 63. In
step 555, the inverse-guantization unit 63 deguantizes
the transformation coefficients deccded by the lossless
decceding unit 62 in accordance with the characteristics
corresponding toe the characteristics of the quantization
unit 25 of Fig., 1.

[0130]

In step 556, the inverse-orthogonal transformation
unit 29 performs the inverse-—orthogonal transformation on
the transiormation coefficients, which are deguantized by
the inverse-guantization unit 28, in accordance with the
characteristics corresponding to the characteristics of
the orthogonal transformation unit 24 of Fig. 1.
Accordingly, the difference information corresponding to
the input of the orthogonal transformation unit 24 of Fig.
1 (the output of the calculation unit 23) is decoded.
(01317

In step S57, the calculation unit &5 adds the
difference information to the prediction image which is
selected in the processing of step 554 explained above

and is input via the selection unit 73. Thus, the
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original image 1s decoded.
[0132]

In step 558, the deblock filter 66 performs deblock
filter processing on the image which is ocutput by the
calculation unit 65. Therefore, the block distortion is
removed. The decoded image provided by the deblock
filter 66 is output to the sample adaptive offset filter
gl.

[0133]

In step 859, the sample adaptive offset filter &1
paerforms the sample adaptive offset filter processing.
The sample adaptive offset filter 81 uses the adaptive'
offset parameter provided by the lossless decoding unit
62 to apply the filter processing onto the image filtered
by the deblock filter 66. The sample adaptive cffset
filter 81 provides the filtered image to the adaptive
loop filter 82.

[0134]

Although the details of the sample adaptive offset
filter 81 will be explained later in Fig. 17, the sample
adaptive offset filter Bl performs the sample adaptive
offset filter processing. With this processing, the type
of the offset filter which is common to the components of
Y, Cb, Cr is set for sach LCU which i1s the maximum coding
unit, and further, the c¢ffset is set for each component.
Further, by using them, the filter processing 1s applied
to the image filtered by the deblock filter 66.

[0135]

In step 560, the adaptive loop filter 8Z performs

the adaptive loop filter processing on the image filtered

by the sample adaptive offset filter 81. The adaptive
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loop filter 82 uses the filter coefficients calculated
for ezch LCU which is the maximum coding unit to perform
the filter processing for sach LCU on the input image,
and provides the filter processing result to the screen
sorting buffer 67 and the frame memory 69.

[0136]

In step 561, the frame memory 69 stores the
filtered image.
[0137]

In step S62, the screen sorting buffer &7 sorts the
images filtered by the adaptive loop filter 82. More
specifically, the order of frames sorted for encoding by
the screen sorting buffer 22 of the image coding device
11 is sorted into the original order for display.

[0138]

In step 363, the D/A conversion unit 68 performs
the D/A conversion on the images provided by the scresn
sorting buffer €7. The images are output to a display,
not shown, and the images are displaved.

[0139]

When the processing in step 563 is finished, the
decoding processing is terminated.
[0140]

<Explanation about conventional method>

[Adaptive offset processing according to HEVC
method]

Subseqguently, tThe sample adaptive offset filter
according to the HEVC method will be explained. In the
HEVC method, the 3Sample Adaptive Offset method is
employed.

[0141]
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At the encoding side, the sample adaptive offset
filter 41 is provided between the deblock filter (DB) 31
and the adaptive loop filter (ALF) 42. Likewise, at the
decoding side, the sample adaptive offset filter Bl is
provided betwsen the deblock fiiter (DB) 66 and the
adaptive loop filter {ALF} 82Z.

[0142]

The types of the adaptive offsets include two types
of band offsets and six types of edge offsets, and
alternatively, the offset may not be applied. It is
possible to select which type of adaptive offssat
explained above is used to encode the Image for each LCU.
[0143}

This selection information is encoded as PQAC Info.
hy the encoding unit (Entropy Coding), and the kit stream
is generated, and the generated bit stream is transmitted
toc the decoding side. By using this method, the encoding
efficiency can ke ilmproved.

[0144]

First, the details of the band offset will be
explained with reference to Fig. 5.

(0145] |

In the band offset, a single mark denctes one band
= eight pixels in the example of Fig. 5. The brightness
pixel value is divided into 32 bands, and each band
indspendently has an offset value.

[0148]

More specifically, in the example of Fig. 5,
sixteen central bands of 0 to 255 pixels {32 bands) are
classifiled into a first group, and eight bands at both

sides are classified intc a seccend group.
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[0147]

Then, the offset of any one of the first group and
the second group is enceded and sent to the decocding side.
In general, any given area is often either an area where
it i1s clear as to white or black or an area where the
color is ambiguous. All pixels are rarely in both of the
first grcup and the second group. For this reason, when
the offset cof only one of them is sent, this can suppress
increase in the amount of encoding caused by transmission
of pixel values of not-included pixels in each LCU.

[0148]

When the input signal is given by broadcast, the
brightness signal 1is limited to the range of 16, 235, and
the color difference signal is limited tc the range of 16,
240. At this occasion, the broadcast legal shown in the
lower column of Fig. 5 is applied, and the offset values
for the twoe bands at each of the both sides which are
indicated with x marks are not transmitted.

[01483

Subseguently, the details of the =dge offset will
be explained with reference to Fig. 6.

[0150]

At the edge coffset, the pixel wvalue in cuestion and
an adjacent pixel value adiacent to the pixel value are
compared, and the coffset value is transmitted to a
category corresponding thereto.

(01511
The adge offsets include four one-dimensional

tterns indicated in A of Fig. & to D cf Fig. &, and two

e
9

two-dimensional patterns indicated in E of Fig. 6 and F

}ﬁi

of Fig. 6, and the offsets are transmitted in the
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categories indicated in Fig. 6.
[0152]

In A of Fig. 6, adjacent pixels are arranged at the
right and the left of the pixel C in one dimensional
direction. More specifically, this indicates 1-D, O-
degree pattern forming zero degree with respect to the
pattern A of Fig. 6. In B of Fig. 6, adjacent pixels are
arranged above and below the pixel C in one dimensional
direction. More specifically, this indicates 1-D, 20-
degrees pattern forming 90 degrees with respect to the
pattern A of Fig. 6.

[03153]

In C of Fig. 6, adjacent pixels are arranged upper
left and lower right of the pixel C in one dimensicnal
direction. Mcre specifically, this indicates 1-D, 13b-
degrees pattern forming 135 degrees with respect to the
pattern A of Fig. 6. In D of Fig. 6, adjacent pizgels are
arranged upper right and lower left of the pixel C in one
dimensional direction. More specifically, this indicates
1-D, 135-degrees pattern forming 45 degrees with respect
to the pattern A of Fig. 6.

[0154]

In E of Fig. 6, adjacent pixels are arranged above,
below, at the left, and at the right of the pixel C in
two dimensional direction. More specifically, ithis
indicates 2-D, cross pattern which crosses the pixel C.
In F of Fig. 6, adjacent pixels are arranged upper right,
lower left, upper left, and lower right of the pixel C in
two dimensioneal direction. More specifically, this
indicates 2-D, diagonal pattern which diagonally crosses

the pixel C.
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[0155]

Reference symbol A of Fig. 7 shows a rule list
table of one—-dimensional patterns (Classification rule
for 1-D patterns). The patterns of A of Fig. & to D of
Fig. & are classified into five types of categories as
shown in 2 of Fig. 7, and according to the category, the
offset is calculated and seni te the decoding unit.

[01b81

When the pixel value cf the pixel C is less than
the pixel values of the two adjacent pixels, it is
classified inte category 1. When the pixel wvalue of the
pixel C is less than the pixel value of cne of the
adjacent pixels and matches the pixel value of the other
of the adjacent pixels, it is classified into category 2.
When the pixel value of the pixel C is more than the
pixel value of cone of the adjacent pixels and matches the
pixel wvalue of the other of the adjacent pixels, it is
classified into category 3. When the pixel value of the
pixel C is more than the pixel values of the two adjacent
pixaels, 1t is classified into category 4. If none of the
above is applicable, it is classified into category 0.
[0157]

Reference symbol B of Fig. 7 indicates a rule list
table of the two-dimensional patterns (Classification
e for 2-D patterns). The patterns of E ¢f Fig. 6 and
F of Fig. €& are classified into seven types of categoeries
as shown in B of Fig. 7, and according to the category,
the offset is sent to the deccoding side.

[0158]
When the pixel wvalue of the pixel C is less than

the pixel wvalues of the four adiacent pixels, it is
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classified into category 1. When the pixel value of the
pixel C is less than the pixel values of the three
adjacent pixels and matches the pixel value of the fourth
adijacent pixel, it is classified into category 2. When
the pixel value of the pixel C is less than the pixel
values of the three adjacent pixels and more than the
pixel value of the fourth adjacent pixel, 1t is
classified into category 3.

[0159]

When the pixel wvalue of the pixel € is more than
the pixel values of the three adjacent pixels and less
than the pixel value of the fourth adjacent pixel, it is
classified into category 4. When the pixel value of the
pixel C is more than the pixel valuss of the three
adjacent pixels and matches the pixel value of the fourth
adjacent pixel, 1t 1s classified into category 5. When
the pixel value of the pixel C is more than the pizel
values of the four adjacent pixels, it is classified into
category 6. If none of the above is applicable, it is
classified into category 0.

(0160]

As described above, at the edges offset, the amount
of calculation for one-dimensional pattern is lower
because comparison can be done with only two adjacent
pixels. In a high efficiency encoding condition, the
value of one bit offset is made into higher precision as
compared with the low delay encoding condition, and sent
to the decoding side.

[0161]
The adaptive offset processing explained above 1is

processing that is performed fcr each LCU in the HEVC
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method (WNon~Patent Document 1). The adaptive offset
processing in the HEVC method, the control signals
between the components of Y, Cb, Cr are all independently
transmitted,.

[0162]

More specifically, in the HEVC method, the 3AQ
control information such as the ON/OFF information, the
filter type information, and the filter coefficient is
transmitted for each LCU or all independently for each
component .

[0163]

In contrast, Non-Patent Document 2 suggests the
following technigue: the ON/OFF control signal between
components in the SAO control information explained above
is replaced with a single syntax and transmitted.

[0164]

Subseguently, conventicnal SA0 control information
transmission processing for each LCU will be explained
with reference to a flowchart of Fig. 8.

(0165}

In step 511, the component ID(cIdx)is zero. In

+

his case, ¢Idx = (0 indicates Y (brighiness signal), clIdx

-

= 1 indicates Cb (colcor difference signal), and cldx = 2
indicates Cr (color difference signal).
[0le66]

In step 817, a determination is made as to whether
cIdx < 3 holds or not. When c¢ldx < 3 is determined to
hold in step $12, the processing in step 512 is
subseguently performed. In step $13, a determination is
made as to whether

slice sample adaptive offset flag(cldx] = 1 holds cr not.
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The flag slice_sample_adaptive_offset flaglcldx] is the
information indicating the ON/OFF state of (flag) each
component for each slice.

[0167]

When slice sample_adaptive offset flagicldx] = 1 is
determined to hold (more specifically, the sample
adaptive offset filter 1s performed on cldx) in step S$13,
the processing in step 314 is subsequently performed. In
sﬁep 514, the SAO control information for cldx (= 0) is
transmitted. In Non-Patent Document 2, the filter type
information, the filter ccoefficient {offset), and the
like are transmitted as the SAO control information.
[0168]

In step S13,
slice_sample adaptive offset flag[cIdx] = 0 holds (meore
specifically, the sample adaptive cffset filter is
determined not to perform on cIdx, the processing in step
514 is skipped, and the processing in step S15% is
subsequently performad) .

[01639]

In step 515, cidxt+ is performed (more specifically,
cIdx = 1), the processing in step 212 is performed back
again. In step 812, cidx < 3 is determined not to hold,
the processing in step S1¢ is subsequently performed.
[0170]

In step 516, a determination is made as to whether
the current LCU which is currently being processed is the
last LCU or not. When the current LCU which is currently
being preocessed 1s determined not to be the last LCU in
step 516, the processing in step 517 is subssquently

performed. In step 3517, a subsequent LCU is adopted as
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the current LCU, and the processing in step $11 is
performed back again.
(01711

When the current LCU which is currently being
processed 1s determined to be the last LCU in step S16,
the SAC control information transmission processing for
each LCU is terminated.

[0172]

As described above, in Non-Patent Document 2, the
SAO control information such as the filter type
information and the filter coefficient is transmitted for
each LCU or all independently for each component.

[0173]

However, in Non-Patent Documents 1, 2, the type
information is transmitted independently between the
components of Y, Cb, Cr, and therefore, the amount of
codes regqulred for controlling the szample adaptive offset
filter is high.

[0174]

In view of the above issues, the present technigue
is made such that the filter type is made common between
the compenents (Y, Ck, Cr or Cbkb, Cr), and only the
coefficlents are Iindependently transmitted as the SAO
control information.

[0175]

<3. First embodiment>

[Example of configuration of sample adaptive offset
fiiter]

Fig., ¢ is a block diagram 1llustrating an example
of configuration of & sample adaptive offset filter and a

icssless coding unit in the image coding device of Fig. 1.
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[0178]

In the example of Fig. 9, the sample adaptive
offset filter 41 includes an SAC flag setting unit 111, a
type setting unit 1312, an coffset setting unit 113, an SAC
control information setting unit 114, an offset buffer
115, a filter processing unit 116, and an image buffer
117.

[0177]

The lossless coding unit Z6 includes at least a
syntax write unit 1Z1.
[0178]

The deblocked pixel values given by the deblock
fiilter 31 are input into the SA0 flag setting unit 111,
the type setting unit 112, the cffset setting unit 113,
and the filter processing unit 116, The SAO flag setting
unit 111 uses the deblocked pixel values to set an SAO
flag (slice_sample adaptive offset flag) indicating the
ON/OFF state of the sample adaptive offset filter of sach
component in units of slices. The SA0 flag setting unit
111l provides the SA0 flag, which has been set, to the
type setting unit 112 and syntax write unit 121.

[0179]

The type setting unit 112 uses the deblocked pixel
values to set, in units of LCUs, the type of the filter
which is common to the components of Y, Ch, Cr. For
example, in units of LCUs, the cost function value is
calculated, and the optimum type for the LCU of which
cost function wvalue 1s the least is set. At this
cccasion, the signals of all the components are used, but
the used signals are not limited, and, for example, only

the brightness signal may be used. The type setting unit
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112 provides the information indicating the type to the
offset setting unit 113 and the syntax write unit 121.
The type setting unit 112 alsc provides the SAC flag of
each component to the offset setting unit 113.

{0180]

The offset setting unit 113 uses the deblocked
pixel values to set the offsets {(coefficients)
independant in each component of Y, Ch, Cr in units of
LCUs. At this occasion, for example, the signals of each
component (deblocked pixel values) are used tc calculate
the cost function value in units of LCUs, and the optimum
offset for the LCU of which cost function value 1s the
least is set.

[0181]

The offset setting unit 113 provides the filter
processing unit 116 with the SAO flag and the coffset of
sach component and the type common to the components.

The offset setting unit 113 alsc provides the offset to
the SAC control information setiting unit 114.
[0182]

The SA0 control information setting unit 114 writes
the offset given by the coffset setting unit 113 to the
offset buffer 115 for each component. The SA0 control
information setting unit 114 refers to the information
written to the offset buffer 115, and determines whether

the offset given by the offset setting unit 113 matches

b

f

the offset of a left LCU which is adjacent to the left of
the current LCU which 1s currently being processed. When
the offset given by the offset setting unit 113 is
determined to match the offset of a left LCU which is

adijacent to the left of the current LCU which is
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currently being processed, the SAOC contrel information
setting unit 114 sets sao _merge left flag, and provides
sac_merge left flag, which has been set, to the syntax
write unit 121 as the SAQ control information.
{01831

Further, the SAC control informgtion setting unit
114 determines whether the offset given by the offset
setting unit 113 matches the offset of an upper LCU which
is adiacent to the upper side of the current LCU. When
the cifset given by the offsef setting unit 113 is
determined to match the cffset cf an upper LCU which is
adjacent to the upper side of the current LCU, the SAC
control information setting unit 114 sets
sao_merge_top_ flag, and provides sao_merge top_ flag,
which has been set, to the syntax write unit 121 as the
SAO control information.
[0184]

When the offset given by the cffset setting unit
113 matches neither the left LCU nor the uppsr LCU, the
SAQO contrel information setting unit 114 provides only
the offset to the syntax write unit 121 as the SAC
control information. More specifically,
sao _merge left flag 1s a flag indicating the same cffset
as the left LCU, and sac _merge top flag is a flag
indicating the same coffset as the upper LCU. When these
flags are set, the flag that has been set is sent in
place of the offset. In this case, an example where the
determination 1s made based on only the offset has bheen
explained. Alternatively, the offset setting unit 113
may provide not only the type but alsc the offset, and

the determination may be made based on the type and the
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The offset buffer 112 heolds the offset of an LCU
adjacent to the current LCU. The offset buffer 115 may
hold at least the ofifiset of the left LCU and the upper
LCU of the current LCU.

[0186]

The filter processing unit 11¢ performs sample
adaptive cffset filter processing, for each LCU, on the
deblocked pixel wvalue of each component given by the
deblock filter 21 on the basis of the SA0 flag, the type
information, and the offset information given by the
offset setting unit 113. The filter processing unit 116
provides the pixel wvalue having been subjected to the
offset processing to the image buffer 117.

[0187]

‘The image buffer 117 temporarily stores the pixel
values which have been subjected to the offset processing
by the filter processing unit 116, and provides the pixel
values to the adaptive loop filter 42 with predetermined
timing.

[0188]

The syntax write unit 121 writes the SA0 flag given
by the SA0 flag setting unit 111 to the header portion of
the coded stream for each slice. The syntax write unit
121 writes, for each LCU, the type common to thes
components given by the type setting unit 112 and the
offset or the merge flag for each component given by the
SAC control information setting unit 114 to the header
portion of the coded stream.

[0189]
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[Sample adaptive offset filter processing of
encoding side]

Subsequently, the sample adaptive offset filter
processing that is performed by the sample adaptive
offset filter 41 of Fig. 9 will be explained with
reference to the flowchart of Fig. 10. It should be
noted that the sample adaptive offset filter processing
is processing in step 323 of Fig. 2.

(01901

The deblocked pixel wvalues given by the deblock
filter 31 are input into the SAC flag setting unit 111,
the type setting unit 112, the offset setting unit 113,
and the filter processing unit 116. In step S$111, the
SA0 flag setting unit 111 uses the deblocked pixel values
to set the SAO flag (slice_sample adaptive offset flag)
indicating the ON/OFF state of the sample adaptive offset
filter of each component in units of slices. The SAD
flag setting unit 111 provides the SAQ flag, which has
bsen set, to the type setting unit 112 and the syntax
write unit 121.

01917

In step S112, the type setting unit 112 sets

component ID{cIdx) = 0. In this case, ¢idx = (0 indicates
Y (brightness signal), cidx = 1 indicates Cb {color
difference signal), and cldx = 2 indicates Cr (color

difference signal).
[3192]

In step 5113, the type setting unit 112 determines
whether slice sample adaptive ofiset flagl(0 or 1 or 2] =
1 holds or not. More specifically, in step 5113, the

sample adaptive offset filter of at least one of Y, Cb,
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Cr is to be applied or not is determined.
[0193]

When slice sample_ adaptive offset flag(C or 1 or 2]
= 1 1s determined to held, and more specifically, when
the sample adaptive offset filter of at least one of Y,
Ch, Cr is determined to be applied in step S113, the
processing in step S114 is subsequently performed.

[0194]

In step 3114, the type setting unit 112 uses the
deblocked pixel values to set the type (sao _type) of the
filter which 1s common to the components of Y, Ch, Cr in
units of LCUs. The type setting unit 112 provides the
informaticn indicating the type to the syntax write unit
121, and thereafter, the processing in step 35115 is
subseqguently performed.

[0185]

In association with this, the syntax write unit 121
writes sao type to the syntax, provides it to the
accumulation buffer 27, and fransmits 1t in step 5143 of
Fig. 12 explained later.

[01l2e]

When slice sample adaptive offset flagl[0 and 1 and
2] = 0 is determined to hcold, and more specifically, when
sample adaptive oifset filters of all of ¥, Cb, Cr are
determined not to be applied in step 35112, the processing
in step 5114 is skipped and step 3115 is subsequently
performead.

[0187]

The type setting unit 112 determines whether cldx <

3 holds or not in step S115. When cidx < 3 is determined

toc hold in step 5115, the processing in step S11l6 is
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subsequently performed.

[o1%e)

In step 3116, the type setting unit 112 determines
whether slice sample adaptive offset flagicidx] = 1 holds
or not.

(0199}

When slice sample adaptive_offset flaglcldx] = 1 is
determined to hold (more specifically, the sample
adaptive offset filter is performed for cldx) in step
5116, the processing in step 5117 is subseguently
performed. At this occasion, the type setting unit 112
provides the type of the filter which 1s set in step 5114
and the SAC flag (slice sample adaptive offset flag) of
corresponding cIdx which is set in step S111 to the
cffset setting unit 113.

[0200]

In step 35117, the offset setting unit 113 and the
SA0 control information setting unit 114 set the 3SAO
control information for cldx (= ¢ (more specifically, Y
brightness signal)). This SAO control information
setting processing will be explained later with reference
to Fig. 11. With this processing, the offset or the
merge flag is set as the SA0C control information, and the
SAD control information which has been set is provided to
the syntax write unit 121. In this case, the cffset
which has been set is provided to the filter processing
unit 116.

[0201]

In association with this, the syntax write unit 121

writes the SAO control information for cldx to the Syntax?

provides the SAC contrel information to the accumulation
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buffer 27, and transmits the SAC control information in
step 3146 of Fig. 12 explained later.
[0202]

After step 5117, the processing in step 5118 is
subseqguently performed. In step 5116,
slice sample adaptive_ ofiset flaglcldx] = 0 is determined
to held (more specifically, the sample adaptive offset
filter for cIdx is nct performed), the processing in step
8117 is skipped and step 8118 is subsequently performed.
(02031

In step 5118, the filter processing unit 116
performs the adaptive filter processing on the deblockad
pixels given by the deblock filter 31. At this occasicn,
the adaptive filter processing is performed on the basis
of the type of the filter which has been set in step 5114,
the SAQC flag corresponding to cldx which has been set in
step 5111, and further the offset having been set in step
S117.

(0204]

The filter processing unit 116 provides the pixel
values having been subjected te the offset processing to
the image buffer 117. The image buffer 117 temporarily
stores the pixel values having been subjected to the
offset processing by the filter processing unit 116, and
provides the pixel valuess to the adaptive loop filter 42
with predetermined timing.

[0205]

In step S11%, the type setting unit 112 performs
cidx++ (more specifically, cldx = 1 [(which means Cb color
difference signal)!, and the processing in step 5115 is

performed back again. When cldx < 3 is determined not to
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hold in step 3115, the processing in step S120 is
subsequently performed.
10206]

In step S120, the type setting unit 112 determines
whether the current LCU which is currently being
processed 1s the last LCU or not. When the current LCU
which is currently being processed is determined not to
be the last LCU in step 35120, the processing in step 8121
is subsequently performed. In step 5121, the current LCU
is changed to a subseguent LCU, and the processing in
step $S112 is performed back again.

[G207]

When the current LCU which is currently being
processed 1ls determined to be the last LCU in step S120,
the sample adaptive offset filter is terminated.

[0208]

[SAQ control informaticen setting processing]

Subsegquently, the SAO control information setting
processing in step S117 of Fig. 10 will be explained with
reference to the flowchart of Fig. 11.

[0209]

In step S131, the offset setting unit 113 uses the
deblocked pixel values to set the offsets (coefficients)
independent in each component of ¢Idx in units of LCUs,
and provides the offsets having been set, to the filter
processing unit 116 and the SAQ controel information
setting unit 114.

[0210]
In step 5132, the SA0 control information setting

unit 114 writes the offsets given by the offset setting

24

unit 113 to the coffset buffer 115 for each component of
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Ch, Cr.
[0211]

In step 5133, the SAQO controi informaticn setting
unit 114 determines whether the current LCU which is
currently being processed can be merged with the left LCU
adiacent to the left of the current LCU. More
specifically, the SA0 control information setting unit
114 refers to information written to the offset buffer
115, and determines whether the offset of the current LCU
given by the offset setting unit 113 matches the offset
of the left LCU.

[0212]

When the offset of the current LCU given by the
offset setting unit 113 is determined to match the offset
of the left LCU in step 8133, and the current LCU is
determined o be able to be merged with the left LCU, the
processing in step $134 is subsequently performed.

[0213]

In step 35134, the SAC control informatlon setting
unit 114 sets sao merge left flag, and provides
sac merge left flag, which has been set, to the syntax
write unit 121 as the S5A0 control information.

[0214]

On the other hand, when the current LCU is
determined not to be able to be merged with the left LCU
in step 3133, the processing in step S135 1is subseguenitly
performed. In step S13%, the SAQ0 control information
setting unit 114 determines whether the current LCU which
is currently being processed can be merged with the upper
LCU adiacent to the upper side of the current LCU. Mocre

specifically, the SA0 control information setting unit
Y
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114 refers to the information written to the offset
buffer 115, and determines whether the offset of the
current LCU given by the offset setting unit 113 matches
the offset of the upper LCU or not.

[0215]

When the offset of the current LCU given by the
offset setting unit 113 is determined to match the offset
of the upper LCU, and the current LCU is determined to be
able to be merged with the upper LCU in step 5135, the
procassing in step 5136 is subseguently psrformed.

[0216]

In step 5136, the SA0 control information setting
unit 114 sets sac merge top flag, and provides
sao_merge_top flag, which has been set, to the syntax
write unit 121 as the SAO control information.

(02177

On the other hand, when the current LCU is
determined not to be able to be merged with the uppsr LCU
in step S135, the processing in step 8137 is subsequently
performed.

[06218]

In step 5137, the 3A0C control information setiing
unit 114 preovides the cffset to the syntax write unit 121
as the SAO control information.

[0219]

[SAC contrel information Transmission processing
for sach LCU]

Subsequentliy, SAO control information transmission
processing for each LCU with the conventional example
shown in Fig. 8 will be explained with reference to the

flowchart of Fig. 12. Tnis processing corresponds to the
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sample adaptive offset filter processing explalned with
reference to Fig. 10, and is, for example, processing
performed in the encoding processing of step 326 of Fig.
2.

[0220]

The syntax write unit 121 sets component ID{cldx} =
0 in step S141.

[0221]

In step S142, the syntax write unit 121 determines
whether slice_sample adaptive offset flag{C or 1 or 2] =
1 holds or not. More specifically, a determination is
made as to whether the sample adaptive offset filter of
at least one of Y, Ck, Cr is applied or not.

[0222]

When slice_sample adaptive offset flag{0 or 1 or 2]
= 1 is determined to hold in step S142, the processing in
step 3143 1s subsequentily perfcormed. In step 3143, the
syntax write unit 121 writes information indicating the
type (sac type) of the filter provided and set in step
5114 of Fig. 10 tc the syntax, provides the information
to the accumulation buifer 27 and transmits the
informatien. The information indicating the type is
transmitted in units of PPSes (Picture Parameter Sets) or
slices.

[(0223]

In step 5142, when
slice_sample adaptive offset flag{0 and 1 and 2] = 0 is
determined to hold, step 85143 is skipped, and the
processing in step 5144 is subseguently performed.

[0224]

In step 3144, the syntax write unit 121 determines
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whether ¢ldx < 3 holds or not. When cldx < 3 1is
determined to hold in step 5144, the processing in step

$145 1s subsequently performed.

[0225]

In step S145, the syntax write unit 121 determines
whether slice sample adaptive offset flaglcIdz] = 1 holds
or not. When slice sample adaptive offset flaglcIdx] =1

is determined to hold (more specifically, when the sample

édaptive offset filter for cIdx is to be performed) in

step S145, the processing in step 8146 1s subsequently
performed.
[0226]

In step S146, the syntax write unit 121 writes, to
the syntax, the SAO control infermation (except sac type)
for cldx (= 0 {which is the Y brightness signal)} set and
provided in step S117 of Fig. 10, provides it tc the

accunmulation buffer 27, and transmits it.

(02271

In step 5147, the syntax write unit 121 performs
cIdx++ {more specifically, cldx = 1 {(which is the Czx
color difference signal)), and the processing in step

5144 is performed back again. When cidx < 3 is
determined not to hold in step 35144, the processing in
step 5148 is subsequently performed.

[0228]

In step 5148, the syntax write unit 121 determines
whether the current LCU which is currently being
processed is the last LCU or not. When the current LCU
which is currently being processaed 1s determined not to
be the last LCU in step 3148, the processing in step 5149

is subseguently performed. In step 5149, the current LCU
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is changed to a subéequent LCU, and the processing in
step 5141 1is performed back again.
[0229]

In step 5148, when the current LCU which is
currently being processed is determined to be the last
LCU, the SAC control information transmission processing
for each LCU is terminated.

[0230]

As described above, the information indicating the
type of the filter is made common between the components
of Y, Cb, Cr, and more specifically, the information

indicating the type of the filter is made common between

the components of the brightness and the color difference,

and 1s transmitted, so that only the coefficients
{offsets) are transmitted independently between each of
the components, whereby the amcunt ¢f encoding can be
reducing.

{0231}

IAnother example of configuration of sample
adaptive offset filter]

Fig. 13 is a bicck diagram illustrating another
axample of confiqufation of a sample adaptive cffset
filter and a lossless coding unit of an image coding
device of Fig. 1.

[6232]
In the example of Fig. 13, the sample adaptive

offset filter 41 1s the same as the sample adaptive

ui
th

lter 41 of Fig. 9@ in that it includes an SAC

-t

offset f

o

flag sebting unit 111, an cffset setting unit 113, an SAC

control information setiing unit 114, an offset buffer

115, a filter processing unit 116, and an image buffer
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117,
[0233]

The sample adaptive offset filter 41 is different
from the sample adaptive offset filter 41 of Fig. 9 in
that the type setting unit 112 is replaced with the type
setlting unit 141.

[0234]

The lossless coding unit 26 of Fig. 13 is different
from the lossless coding unit 26 of Fig. 9 in that the
syntax write unit 121 is replaced with the syntax write
unit 161%.

[G235]

More specifically, the type setting unit 141 of Fig.
13 includes a Y type setting unit 151 configured toc set
the filter type independent in the brightness signal and
a Cm type setiing unit 152 configured to set the filter
type common to the color difference signals of Cb and Cr.
[0236]

Fer example, the Y type setting unit 151 uses the
brightness signal to calculate the cost function value
for each LCU, and sets the optimum type for the LCU of
the brightness signal of which cost function value is the
least. For example, the Cm type setting unit 152 uses at
least one of Cb and Cr to calculate the cost function
value for sach LCU, and sets the optimum type to the LCU
of the color difference signal of which cost function
value 1s the least,.

[0237]

Like the syntax write unit 121 cof Fig. 9, the

syntax write unit 161 writes the SAO flag given by the

SAC flag setting unit 111 to the header portion of the
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coded stream for each slice. Like the syntax write unit
121, thes syntax write unit 161 writes the offset or merge
flag for each component, which is given by the SAO
control information setting unit 114, to the header
portion of the coded stream.

[0238]

Unlike the syntax write unit 121, the syntax write
unit 161 writes, for each LCU, the type information
indicating the Y typs for the brightness given by the
type setiting unit 112 and the type information indicating
Cm type common to the coleor difference componenté to the
header portion of the coded stream.

[0239]

[Sample adaptive offset filter processing of
encoding side]

Subseguently, the sample adaptive offset filter
processing performed by the sample adaptive offset filter
41 of Fig. 13 will be explained with reference to the

=
A

flowchart of Fig. 14. It should be noted that the sample
adaptive offset filter processing 1s processing in step
$23 of Fig. 2.

(0240]

In step 3161, the 35A0 flag setting unit 111 uses
the deblocked pixel values to set the SA0 flag indicating
the ON/OFF state of the sample adaptive offset filter of
each component in units of slices. The SAO flag setting
unit 111 provides the SAC Iflag
{slice sample adaptive offset flag), which has been set,
to the ¥ type setting unit 151, the Cm type setting unit
152, and the syntax write unit 161.

[0241]
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In step S1l6Z, the Y type setiting unit 131 and the
Cm type setting unit 152 set component ID(cIdx) = 0.
[0242]

In step 3163, the Y type setting unit 151
determines whether slice sample adaptive offset flag[0] =
1 holds or not. More specifically, in step 5163, the
sample adaptive offset filter of ¥ is to be applied ox
not is determined.

10243]

When slice sample adaptive offset flag[0] = 1 1is
determined to hold, and more specifically when the sample
adaptive offset filter of Y is determined to be applied
in step 8163, the processing in step $S164 is subsequently
periocrmed.

[0244]

In step 3164, the Y type setting unit 151 uses the
deblocked pixel values to set the type (sao type Y) of
the filter of Y in units of LCUs. The Y type setting
unit 151 provides the information indicating the type of
Y to the syntax write unit 161, and thereafter, the
processing in step 3165 is subsequently performed.

[0245]

In association with this, the syntax write unit 161
writes sac _type Y to the syntax, and provides it to the
accumulation buffer 2Z7 and transmits it in step S183 of
Fig. 15 explained later.

[024¢]

When slice sample adaptive offset flag[0] = 0 1s
determined to hold in step 5163, the processing in step
S164 is skipped and step 31605 is subseguently performed.

f0247]
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In step 5165, the Cm type setting unit 152
determines whether slice sample adaptive offset flagll or
21 = 1 holds or not. More specifically, in step 5165, a
determination 1s made as to whether the sample adaptive
offset filter of Cr or Cb is to be applied or not.

1024873

When slice_sample_ adaptive offset flag[l or 2] = 1
is determined to hold, and more specifically, when the
sample adaptive offset filter of Cm 1z determined to be
applied in step 3165, the processing in step 3166 is
subsequently performed.

[0249]

In step 51646, the Cm type setting unit 152 uses the
deblocked pixel values to set the type (sao type Cm) of
the filter common to Cbh and Cr in units of LCUs. The Y
type setting unit 131 provides information indicating the
type of Cm to the syntax write unit 161, and thereafter,
the processing in step 5167 1s subsequently performed.
[0250]

In association with this, the syntax write unit 161
writes sac type Cm to the syntax, provides it to the
accumulation buffer 27, and transmits it in step $185 of
Fig. 15 explained later.

(02511

When slice sample adaptive offset flag[l and 2] = 0
is determined to hold in step S165, the processing in
step S166 is skipped and step 51467 is subsequently
performed.

10252
In §167 to S173 subsequent thereto, basically the

same processing as step 5115 te 3121 of Fig. 10 1is
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performed, therefore, the explanation thersabout is
omitted because it is simply a repetition.
{0253]

[SAQ control information transmission processing
for each LCU]

Subsequently, 3AC control information transmission
rprocessing for sach LCU with the conventional example
shown in Fig. 8§ will be explained with reference toc the
flowchart of Fig. 15. This processing corresponds to the
sample adaptive cffset filter processing explained with
reference to Fig. 14, and is, for example, processing
performed in the encoding processing of step S26 of Fig.

2.

[0254]

In step 35181, the syntax write unit 161 sets
component ID(cIdx} = 0.
[0255]

In step 318Z, the syntax write unit 161 determines
whether slice sample adaptive offset flagl[0] = 1 holds or

not. More specifically, a determination is made as to
whether the sample adaptive offset filter of ¥ is applied
or not.

[0258]

When slice_samplemadaptive_offset_flag{O] = 1 is
determined to hold in step 8182, the processing in step
5183 is subseguently performed. In step $183, the syntax
write unit 161 writes information indicating the type
(sao type Y) of the filter previded in step 8164 of Fig.
14 to the syntax, provides the information to the
accumulation buffer 27, and transmits the information.

{0257)
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When slice sample adaptive offset flagl[0] = 0 is
determined to hold in step 3182, the processing in step
5183 is skipped and step S184 is subsequently performed.
102581

In step 85184, the syntax write unit 161 determines
whether slice sample adaptive offset flag[l or 2] = 1
holds or not. More specifically, a determination is made
as Lo whether the sample adaptive offset filter of Cm is
applied or not.

[0259]

| When slice sample adaptive offset flagll or 2] = 1
is determined to hold in step 35184, the processing in
step S185 is subsecquently performed. In step 5185, the
gyntax write unit 1€l writes information indicating the
type (sao type Cm) of the filter provided in step 5166 of
Fig. 14 to the syntax, provides the information to the
accumulation buffer 27, and transmits the information.
102601

When slice sample adaptive offset flagfl and 2] = 0
is determined to held in step 8184, step S185 1s skipped,
and the processing in step 5186 1s subseguently performed.
[0zo61l]

In S§18¢ to 5181 subseguent thereto, basically the
same processing as step 3144 o 5149 of Fig. 14 1is
performad, therefore, the explanation thereabout is
omitted because 1t is simply & repetition.

10262)

As described above, the type information about the
filter can also be made common only between the
componeants of the color differences of Cbhb and Cr, and in

this case, the amount of codes can also be reduced.
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[0263]

<4. Fifth embodiment>

[Example of configuration of sample adaptive offset
filter]

Fig. 16 is a block diagram illustrating an exampls
of configuraticn of a lossless decoding unit and a sample
adaptive cffset filter in an image decoding device of Fig.
3. An example of configuration as shown in Fig. 16
corresponds to the sample adaptive offset filter and the
lossless coding unit of Fig. 9.
[0264]

In the example of Fig. 16, the lossless decoding
unit 62 incliudes at least a syntax acguisition unit 211.
[0265) |

The sample adaptive coffset filter Bl includes an
SAQ flag recepticn unit 221, a type recepition unit 222, a
merge flag reception unit 223, an offset buffer 224, an
offset reception unit 225, a filter processing unit 226,
and an image buffer 227.
02661

The syntax acguisition unit 211 obtains the header
portion of the coded stream from the syntax. Then, the
syntax acguisition unit 211 provides the adaptive offset
parameter in the obtained syntax to the SAC flag
reception unit 221, the type reception unit 222, the
marge flag reception unit 223, and the cffset reception
unit 225.
[0Z267]

More specifically, the syntax acguisition unit 211
provides an SAO flag (slice_sample adaptive offset flag)

which 13 one of the adaptive offset parameters to the SAQ
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flag reception unit 221. The syntax acguisition unit 211
provides the type information of the filter which i1s one
of the adaptive offset parameters to the type reception
unit 222. The syntax acguisition unit 211 provides the
merge flag {saoc merge left flag or sao_merge_ top flag)
which is one of the adaptive offset parameters to the
merge flag reception unit 223, The syntax acguisition
unit 211 provides the offset (coefficient) which is one
of the adaptive offset parameters to the offset reception
unit 225.

[G268]

It should be noted that the SA0O flag of the
adaptive offset parameters is set and transmitted for
each slice. The type information, the merge flag, the
offset, and the like in the adaptive offset parameters
are set and transmitted for each LCU., The type
information is transmitted, for example, in unit of PPS
(Picture Parameter Set) or slice.

[0269]

The SAO flag reception unit 221 provides the filter
processing unit 226 with the SAC flag indicating the
ON/COFF state for sach component provided from the syntax
acguisition unit 21il. The typs reception unit 222
provides the filter processing unit 226 with the filter
type information which is common to the components
provided from the syntax acguisition unit 2Z11. The merge
flag reception unit 223 provides the offset buffer 224
with the merge flag provided from the syntax acguisition
unit 211. The coifset reception unit 225 provides the
offset obitained from the syntax acguisition unit 211 to

the offset buffer 224 and the filter processing unit 226.
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[0270]

The offset buffer 224 holds the offset of an LCU
adjacent to the current LCU. The offset buffer 224 may
store at least the left LCU of the current LCU and the
offset of the upper LCU. When the offset buffer 224
receives the merge flag cf the current LCU from the merge
flag reception unit 223, the offset buffer Z24 reads the
offset stored in association with the adijacent LCU (left
or upper side) indicated by the merge flag, and provides
it to the filter processing unit 226. Then, the offset
buffer 224 stores the read coffset in association with the
current LCU. When the offset buffer 224 receives the
offset of the current LCU from the offset reception unit
225, the offset buffer 224 stores the received offset in
association with the current LCU.

[0271]

The filter processing unit 226 refers to
information given by the 3RO flag reception unit 2Z1, the
type reception unit 222, the cffset buffer 224, and the
offset reception unit 225, and performs filter processing
on the deblocked pixel wvalues from the deblock filter &6.
[0272]

More specifically, the filter processing unit 228
refers to the $A0 flag given by the SAD flag reception
unit 221, the filter type which is made common betwsen
components and which is provided from the type reception
unit 222, and the offset given by the offset buffer 224
or the offset reception unit 225,

(02733
The filter processing unit 226 provides the pixels,

which have been subjected tc the offset processing, to
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the image buffer 2Z27.
(02747

The image buffer 227 is configured basically in ths
same way as The image buffer 117 of Fig. 10. More
specifically, the image buffer 227 temporarily stores the
pixel values having been subjected to the offset
processing by the filter processing unit 226, and
provides the pixel values to the adaptive loop filter 82
with predetermined timing.

[0275]

[Sample adaptive offset filter processing of
decoding side]

Subsequently, the sample adaptive offset filter
processing performed by the sample adaptive offset filter
81 of Fig. 16 will be explained with reference to the
flowchart of Fig. 17. It should be noted that the sample
adaptive offset filter processing is processing in step
558 of Fig. 4.

02763

When the coded stream is decoded in step 3552 of Fig.
4, the syntax acquisition unit 211 reads the syntax Ifrom
the header portion of the coded stream, and among them,
the syntax acguisition unit 211 provides the adaptive
offset parameter to each unit of the sample adaptive
offset filter 81.

[0z77]

o

In step 5211, the 3A0 flag reception unit 221
receives the SAD flag of the adaptive offsel parameter
(slice sample adaptive offset flag) provided from the
syntax acgulsition unit ZI11. The 3AC flag recepticon unit

221 provides the received 3A0 fiag to the filter
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processing unit Z26.
[0278]

In step 5212, the filter processing unit 226 ssts
component ID{cldx) = 0.

[0279]

In step $213, the filter processing unit 226
determines whether slice sample adaptive offset flag[0 or
1 or 2] = 1 or not. More specifically, in step 8213, a
determination is made as to whether the sample adaptive
offset filter of at least one of ¥, Cb, Cr is applied or
not.

[02801]

When slice sample adaptive offset flagl[0 or 1 or 2]
= 1 is determined to hcld in step S$S213, and mcre
specifically, when the sample adaptive offset filter of
at least one of ¥, Ch, Cr is determined to be applied,
the processing in step 5214 is subsequently performed.
(0281}

In step $214, the filter processing unit 226
receives the filter type information (saoc type), which is
made common between the components, given by the syntax
acquisition unit 211 via the type reception unit 2Z2.
[0282]

When slice sample adaptive offset flag[0 and 1 and
2] = 0 is determined to hold, and more spescifically, when
the sample adaptive offset filters of all of Y, Ch, Cr
are determined not to be applied in step SZ13, the
processing in step 5214 1s skippsd and step SZ215 is
subsequently performed.

(02837

In step 5215, the filter processing unit 226
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determines whether cIdx < 3 holds or not. When cIdx < 3
is determined to hold in step 3215, the processing in
step 5216 is subseguently performed.

[0284]

In step 5216, the filter processing unit 226
determines whether
slice sample adaptive offset flag[cldx] = 1 holds or not.
[3285]

When slice sample acdaptive offset flag[cldx] = 1 is
determined to hold (more specifically, the sample
acdaptive offset filter is performed on cldx) in step $S216,
the processing in step 8217 is subsequently performed.
0286}

In step 5217, the filter processing unit 22¢
receives the SAQ control information for cidx (= 0).

This SAO0 control information reception processing will be
explained later with reference to Fig. 18, and with this

processing, the merge flag or the coffiset is received, and
the offset which 1s read with the received merge flag or

the received offset is provided to the filter processing

unit 226.

[0287]

After step 5217, the processing in step 5218 is
subseguently performed. When
slice sample adaptive offset flag[cldx] = 0 is determined
To hoid (more specifically, the sample adaptive offset
filter for cldx is not performed) in step S216, the
processing in step $217 is skipped and step 5218 is
subseguently performed.

[oz288]

In step 35218, the filter processing unit 226
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performs the adaptive filter processing on the pixels
having been subjected to the deblock processing given by
the debleck filter 66. At this occasion, the adaptive
filter preocessing is performed on the basis of the type
of the filter which has been received in step S214, the
SAQO flag corresponding te c¢ldx received in step S5211, and
further the offset having besen obtained in step 8§217.
[0285]

The filter processing unit 226 provides the pixel
values having been subjected to the offset processing to
the image buffer 227. The image buffer 227 temporarily
stores the pixel values having besen subjected to the
offset processing by the filter processing unit 226, and
provides the pixel values tc the adaptive loop filter 42
with predetermined timing.

[0290]

In step 35219, the filter processing unit 226
performs cldx++ (more specifically, clidx = 1), and the
processing in step S215 is performed back again. When
cldx < 3 is determined not to hold in step S$215, the
preocessing in step S220 is subseguently performed.

(0291}

In step S8Z2Z0, the filter processing unit 226
determines whether the current LCU which is currently
being processed iz the last LCU or not. When the current
LCU which is currently being processed 1is determined not
to be the last LCU in step $220, the processing in step
3221 is subseguentliy performed. In step 3221, the
current LCU 1s changed to a subseguent LCU, and the
processing in step 5212 is performed back again.

[0z282]
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When the current LCU which is currently being
procaessed is determined to be the last LCU in step 3220,
the sample adaptive offset filter processing is
terminated,

[0293]

(520 control information setting processing]

Subseguently, the SA0 control information reception
procaessing in step 5217 of Fig. 17 will be explained with
reference to the flowchart of Fig. 18,

[0294]

In step 5231, the merge flag reception unit 223
receives the merge flag. In step 2232, the merge flag
recepticn unit 223 determines whether sao merge left flag
is one or not. When sao _merge left flag is determined to
be one in step $232, the processing in step 5233 is
subseguently performed.

[0295]

In step S233, the merge flag reception unit 223
controls the offset buffer 224, and reads the cffset of
the left LCU, and the offset buffer 224 provides the
offset of the left LCU which has been read to the filter
processing unit 226.

102961

On the other hand, when sac merge left flag is
determined to be zerc in step 5232, the processing in
step 5234 is subsequently performed. In step 2234, the
merge flag reception unit 223 determines whether
sao merge top flag is one or not. When
sao_merge top flag is determined to be one in step S$S234,
the processing in step 5235 is subseguently performed.

[0297]
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In step 5235, the merge flag reception unit 223
controls the offset buffer 224, and reads the offset of
the upper LCU, and the offset buffer 224 provides the
offset of the upper LCU which has been read to the filter
processing unit 226.

[0298]

When sao merge top_flag is determined to be zero in
step $234, the processing in step 5236 1s subseguently
performed. In step 35236, the offset reception unit 225
receives the offset from the syntax acquisition unit 211,
and provides the offset to the filter processing unit 228.
The offset reception unit 225 also provides the received
offset to the offset buffer 224.

(0299}

In step S237, the offset buffer 224 writes the
offset read in step $233 or 35235 or the offset from the
offset reception unit 225 to the buffer as the offset of

the current LCU.

030073

As described above, the information indicating the
type of the filter is sent upon being made common bestween
the components of ¥, Ch, Cr, and more specifically, the
information indicating the type of the filter is sent
upon being made common between the components of the
brightness and the color difference, and therefore, only
the coefficients (offsets) are transmitted independently
between the components, so that the amount of encoding
can be reduced.
163017

[Another example of configuration of sample
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adaptive offset filter]

Fig. 19 is a block diagram illustrating an example
of configuration of a lossless decoding unit and a sample
adaptive offset filter in the image decoding device of
FFig. 3. The example of configuration as shown in Fig. 19
corresponds to the sample adaptive offset filter and the
lossless coding unit of Fig. 13.

[0302]

In the example of Fig. 18, the lcssless decoding
unit 62 is different from the lossless decoding unit 62
of Fig. 16 in that the syntax acguisition unit 211 and
the syntax acguisition unit 241 are switched.

[0303]

The sample adaptive offset filter 81 i1s the same as
the sample adaptive offset filter 81 of Fig. 16 in that
the sample adaptive offset filter 81 includes an SAD flag
reception unit 221, a merge flag reception unit 223, an
offset buffer 224, an offset receptlon unit 225, a filter
processing unit 226, and an image buffer 227,

[0304)

The sample adaptive offset filter 81 is different
from the sample adaptive offset filter 81 of Fig. 16 in
that the type reception unit 222 is replaced with the
type receptilon unit 251 made c¢f the Y type reception unit
261 and the Cm type reception unit 262.

[0305]

More specifically, in the example of Fig. 16, the
type information about the filter which i1s made common
between Y, Cb, Cr 1is sent as one of the adaptive offset
parameters. In contrast, in the example of Fig. 1%, the

type infeormation sbout the filter of Y and the type
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information about the filter which is made common between
Ch and Cr 1is sent.
[0306]

Like the syntax acguisition unit 211 of Fig. 16,
the syntax acquisition unit 241 cbtains the 3A0 flag
(slice_sample adaptive offset flag), and provides it to
the SA0 flag reception unit 221. Like the syntax
acquisition unit 211 of Fig. 16, the syntax acguisition
unit 241 obtains the merge flag (sao _merge left flag or
sao_merge top flag), and provides it to the merge flag
reception unit 223. Like the syntax acguisition unit 211
of Fig. 16, the syntax acguisiticon unit 241 obtains the
cffset, and provides 1t to the cffset reception unit 225.
(03071

O the other hand, unliike the syntax acguisition
unit 211 of Fig. 16, the syntax acquisition unit 241
obtains the type information about the filter, which is
made common to Ch and Cr, and the type information about
the filter of Y, and provides them to the Y type
reception unit 261 and the Cm type reception unit 262.
10308]

The Y type reception unit 261 provides the filter
type information about Y provided from the syntax
acquisition unit 211 to the filter processing unit 226.
The Cm fType reception unit 262 provides the filter type
information of Cm, which i1s made common to Ch and Cr
provided from the syntax acguisition unit 211, to the
filter processing unit 226.

[0309]
[Sample adaptive offset filter processing of

decoding sidel
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Subsequently, the sample adaptive offset filter
processing performed by the sample adaptive offset filter
81 of Fig. 19 will be explained with reference to the
flowchart of Fig. 20. It should ke noted that this
sample adaptive offset filter processing 1s processing in
step 858 of Fig. 4.

(0310}

Iin step S261, the SAC flag reception unit 221
receives the SAQ flag (slice_sample adaptive offset flag)
of the adaptive offset parameter provided from the syntax
acquisition unit 211, The SAQ flag reception unit 221
provides the received SAO flag to the filter processing
unit 226.

[0311]

In step 5262, the filter processing uniit 226 sets
component ID{cldx) = 0. In step S263, the filter
processing unit 22¢ determines whether
slice sample adaptive offset flagl0] = 1 holds or not.
More specificaliy, in step 5263, a determination is made
as to whether the sample adaptive offset filter of ¥ is
applied or not.

(0312]

When slice sample_ adaptive offset flag[0] = 1 is
determined to hold, and more specifically, the sample
adaptive offset filter of Y is determined to be applied
in step 5263, the processing in step 5264 is subseguently
perfcormed.

[0313]

In step 32684, the filter processing unit 226

receives the filter type information of ¥ (sac_type Y)

given by the syntax acguisition unit 241 via the Y type
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reception unit Z&l.
[0314]

On the cother hand, in step $263, when
slice sample adaptive offset flag[0] = 0 i1s determined to
hold, and more specifically, the samplie adaptive offset
filter of ¥ is determined not to be applied, the
processing in step S264 is skipped and step 8265 is
subsequently performed.

[0315]

In step 5265, the filter processing unit 226
determines whether slice sample adaptive offset flag(l or
2] = 1 holds or not. In step 5265, a determination is
made as to whether the sample adaptive offset filter of
Ch or Cr is applied or not.

[0316]

When slice sample adaptive offset flag[l or 2] =1
is determined to hold, and more specifically, when the
sample adaptive offset filter of Ch or Cr is determined
to be applied in step 3265, the processing in step 5266
is subsequently performed.

[G317]

In step 5266, the filter processing unlit 226
receives the filter type information of Cm (sao_ type Cm)
given by the syntax acguisition unit 241 via the Cm Lype
reception unit 252.

[06318]

When slice sample adaptive offset flagl[l and 2] = 0
is determined to hold, and more specifically, when the
sample adaptive offset filter of Cbh and Cr is determined
not to be applied in step 3265, the processing in step

5266 is skipped and step S267 iz subsequently performed.
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[0319]

The processing in 3267 to 3273 subsequent thereto
is basically the same processing as steps S215 to S2Z1 of
Fig. 17, and therefore, the explanation thereabout is
omitted because it is simply a repetition.

[0320]

As described above, the type information about the
filter can be made common only between the components of
color differences of Ch and Cr. In this case, the amount
of codes can bhe reduced.

03211

In the above explanation, the example in which the
type is made common between all the components of the
brightness and the chromaticity and the example in which
the type is made common between the components of the
color differences have been explalned. Alternatively,
both of the modes emploving the above may be provided,
and the modes may be selectively used.

(03221

More specifically, a mode in which the type is made
common betwsen all the components of the brightness and
the chromaticity 1s defined as an all-common mode, and a
mode in which the type is made common only between the
components of the coleor difference 1s defined as a color
difference common mode, and these two types of modes may
be provided. In this case, the mode identification
information for identifyving which of the modes is used by
the encoding side may be sent to the decoding side.

[0323)]
in this case, the decoding side receives the mode

identification information which has been transmitted,
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sets the mode using the received mode identification
information, and performs the sample adaptive offset
filter.

[0324]

As described above, the type informatlion about the
filter is made common between the components of the
brightness signal and the color difference signal and is
transmitted. Therefore, the amount of codes can be
reduced, and the efficiency of encoding can be increased.
[0325]

In the above explanation, the color format is 4:2:0.
Alternatively, the present technique can be applied to
any other color formats such as 4:2:2 and 4:4:4.,

[0326]

For example, when choma feormat idc is used: in a
case of 4:2:0 (choma_format_idc==1}, the SAOC type may be
made common between all of the components; in a case of
4:4:4 (choma format idc==3), the SACU type may not be made
commen; and in a case of 4:2:2 (choma format idc==2), the
SRO type may be made common only between Ch/Cr. More
specifically, according to the color format, the all-
common mode or the color difference common mode explained
above may be determined,

[0327]

In the above sxplanation, an example in which the
brightness and the cclor difference are color space of ¥,
Ch, Cr has been explained. Alternatively, the present
technique can alsc be applied to another color space,
e.qg., where the brightness and color difference are Y, U,
V.

[0328]
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In the above explanation, the HEVC method is used
as the basis of the encoding method. However, the
present discleosure is not limited thereto. Other
encoding methods/decoding methods including at least the
sample adaptive offset filter as in-loop filter may be
applied.

[0329]

Further, for example, the present disclosure caﬁ be
applied to an image c¢oding device and an image decoding
device which are used for receiving image information
(bit stream) compressed by orthogonal transformation such
as discrete cosine transform and motion compensation
similarly to HEVC method and the like, via network media
such as satellite broadcasting, cable television, the
Internet, and cellular phone., The present disclosure can
be applied to an image coding device and an imags
decoding device used for procsssing on recording media
such as optical, magnetic disks, and flash memories,.
103307

<5. Third embodiment>

[Application to multi-view image point
coding/multi-viewpoint image decoding]

The above series of processing can be applied to
mzlti-viewpoint image coding/multi-viewpoint image
decoding. Filg. 21 illustrates an example of mulii-
viewpoint image coding methed.

03311

Ag illustrated in Fig. 21, a multi-viewpcint image
includes images for multiple view points, and images of
predetermined viewpocint of the multiple wiewpolnts are

designated as base view images. Images of viewpcints
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other than the base view image are treated as non-base
view images.
10332]

In the cass where the multi-viewpoint image
encoding as shown 1n Fig. 21 is perfiormed, the sample
adaptive offset filter parameters {(the 3A0 flag, the type
information of the filter, the offset, the mode
identification information, and the like explained above)
can be set in each view (the same view). In each view {a
different view), the sample adaptive offset filter
parameters which are set in another view may be shared.
[0333]

In this case, the sample adaptive offset filter
parameters which are set in the base view are used in at
least a single non-base view. Alternatively, for example,

the sample adaptive coffset filter parameters which are

set in a non-base view (view id = i) are used in at least
one of the base view and the non-base view (view id = 7J).
[0334]

Therefore, the amount of codes can be reduced.
[0335]

IMulti-viewpcint image coding device]

Fig. 22 is a figure 1llustrating a multi-viewpoint
image coding device performing the multi-viewpoint image
coding explainsd asbove. As illusirated in Fig. Z2, a
multi-viewpoint image coding device 600 incliudes an
encoding unit 601, an encoding unit 602, and a
multiplexing unit 603.

(03381
The encoding unit 601 encedes base view images, and

generates a base view image coded stream. The encoding
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unit 602 encodes non-base view images, and generates a
nen-base view image coded stream. The multiplexing unit
603 mﬁltiplexes the base view image coded stream
generated by the encoding unit 601 and the non-base view
image coded stream generated by the encoding unit 602,
and generates a multi-viewpoint image coded stream.
[0337]

The image coding device 11 (Fig. 1) can be applied
to the encoding unit 601 and enceding unit 602 of the
multi-viewpoint image coding device 600. In this case,
the multi~viewpoint image coding device 600 sets and
transmits the sample adaptive offset filter parameters
which are set by the encoding unit 601 and the sample
adaptive offset filter parameters which are set by the
encoding unit 602.

[0338]

The sample adaptive offset filter parameters whic
are set by the encoding unit 601 as described above may
be set and transmitted so that the sample adaptive offset
filter parameters are may be shared and used by the
encoding unit 601 and the encoding unit 602. On the
contrary, the sample adaptive offset filter parameters
which are collectively set by the encoding unit 602 may
be set and transmitted so that the sample adaptive offset
filter parameters are shared and used by the encoding
unit 601 and the encoding unit &02.

[0339]

[Multi-viewpolint image decoding device]

Fig. 23 is a figure illustrating a multi-viewpoint
image decoding device that performs the multi-viewpoint

image decoding sxplained above. As illustrated in Fig.
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23, the multi-viewpoint image decoding device 610
includes a demulﬁipleximg unit 611, a decoding unit 612,
and a decoding unit 613.

[0340]

The demultiplexing unit €11 demultiplexes the
multi-viewpoint image coded stream obtained by
multiplexing the base view image coded stream and the
nen-base view image coded stream, and extracts the base
view image coded stream and the non-base view image coded
stream. The decoding unit 612 decodes the base view
image coded stream extracted by the demultipilexing unit
611, and obtains the base view images. The decoding unit
613 decodes the non-base view image coded stream
extracted by the demultiplexing unit €11, and obtains the
non-base view images.

[G341]

The image decoding device 51 (Fig. 3) can be
applied to the decoding unit €12 and decoding unit 513 of
the multi-viewpoint image decoding device 610. In this
case, the multi-viewpolint image decoding device 610
performs processing using the sample adaptive oifset
filter parameters which is set by the encoding unit 601
and decoded by the deccding unit 612 and the sample
adaptive offset filter parameters which is set by the
encoding unit 602 and decoded by the decoding unit 613.
[0342]

The sample adaptive offset filter parameters which
are set by the encoding unit 601 (or the encoding unit
£02) may be szet and transmitted so that the sample
adaptive offset filter parameters are shared and used by

the encdding unit 601 and the encoding unit 602. In this
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case, the multi-viewpoint image decoding device 610
performs processing using the sample adaptive coffset
filter parameters which are set by the encoding unit 601
(or the encoding unit 602) and decoded by the decoding
unit 612 {(or the decoding unit €13).

[0343)

<6. Fourth embodiment>

[Application to hierarchical image point
coding/hierarchical image decodihg]

The above series of processing can be applied to
hierarchical image coding/hierarchical image decoding.
Fig. 24 illustrates an example of multi-viewpolint imags
coding mathod.

[0344]

As illustrated in Fig. 24, a hierarchical image
includes images of multiple hierarchical {resolution),
and a hierarchical image of a predetermined one of ths
multiple resclution is designated as a base layer image.
Tmages of hierarchies cther than the base layer image are
treated as non-base layer images.

[0345]

When the hierarchical image encoding (spatial
scalability) as shown in Fig. 24 is pertormed, the sample
adaptive offset filter parameters can be set 1n each
layer (the same layer). In each layer (a different
layer), the sample adaptive offset filter parameters
which are set in another layer can be shared.

[0349]

In this case, the sample adaptive offset filter

parameters which are set in the base laver are used in at

least a single non-base layer. Alternatively, for
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example, the sample adaptive ofifset fililter parameters
which are set in a non-base layer (layer id = 1) are used
in at least one of base layer and non-base layer
(layer id = 7).

[0347]

Therefore, the amount of codes can be reduced.
[0348]

[Hierarchical image coding device]

Fig. 25 is a figure illustrating a hierarchical
image coding device that performs the hierarchical image
coding explainad above. As 1llustrated in Fig. 23, the
hierarchical image coding device 620 includes an encoding
unit 621, an encoding unit 622, and a multiplexing unit
623.

[0349]

The encoding unit €621 encodes base layer images,
and generates a base layer image coded stream. The
encoding unit 622 encodes non-base layer images, and
generates a non-base layer image coded stream. The
multiplexing unit 623 multiplexes the base layer image
coded stream generated by the enceding unit 6Z1I and the
non-~base lavyer image coded stream generated by the
encoding unit 622, and generates a hierarchical image
coded stream.

[0350]

The image coding device 11 {Fig. 1} can ke applied
te the encoding unit 621 and the encoding unit 622 of the
hierarchical image coding device 6Z0. In this case, the
hierarchical image coding device 620 sets the
identificaticn information which 1s set by the encoding

unit €21 and the sample adaptive coffset filter parameters



10

15

25

87

which is set by the encoding unit 622, and transmits the
sample adaptive offset filter parameteré.
[0351]

Tt should be noted that such configuration may be
adopted that the sample adaptive offset filter parameters
which 1s set by the encoding unit 621 as described above
is set so as to be shared and used in the encoding unit
621 and the encoding unit 622, and is transmitted. On
the contrary, such configuration may be adopted that the
sample adaptive coifset filter parameters which is set by
the encoding unit 622 is set so as to be shared and used
in the encoding unit 621 and the encoding unit 622, and
is bransmitted.

[0352]

[Hierarchical image decoding device)

Fig. 26 is a figure illustrating a hierarchical
image decoding device that performs the hierarchical
image deceding explained above. Bs illustrated in Fig.
26, the hierarchical image decoding device 630 includes a
demultiplexing unit 631, a decoding unit 637, and a
decoding unit 633.

[0353]

The demultiplexing unit 631 demultiplexes the
hierarchical image coded stream obtained by multiplexing
the base lavyer image coded stream and the non-base layer
image coded stream, and extracts the base layer image
coded stream and the non-base layer image coded stream.
The decoding unit 632 deccdes the base layer image coded
stream extracted by the demultiplexing unit 631, and
obtains the base layver image. The decoding unit 633

decodes the non-base layer image coded stream extracted
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by the demultiplexing unit €31, and cbtains the non-base
layer image.
[0354]

The image decoding device 51 (Fig. 3) can be
applied to the decoding unit 632 and the decoding unit
633 of the hilerarchical image decoding device 6€30. 1In
this case, the hierarchical Iimage decoding device 630
performs processing by using the sample adaptive offset
filter parameters which 1s set by the encoding unit 621
and which i1s decoded by the decoding unit 632 and the
decoded sample adaptive offset filter parameters which 1is
set by the enceding unit 622 and which is decoded by the
decoding unit 633.

[0355]

It should be noted that, the sample adaptive cffset
filter parameters which 1s set by the enceding unit 621
{or, the encoding unit 622} described above may be set so
as to be shared and used in the encoding unit 621 and the
encoding unit 622, and is transmitted. In this case, in
the hierarchical image decoding device £30 the processing
is performed by using the sample adaptive offset filtex
parameters which is set by the encoding unit 621 (ox, the
encoding unit 622} and decoded by the decoding unit 632
{cr, the decoding unit 833).

[02561

<7. Fifth embodiment>

[Configuration of computer]

The above series of processing may be executed by
hardware, oy may be executed by software. When the
series of processing 1s executed by software, programs

constituting the software are installed to the computer.
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Here, the ccmputer includes a ccmputer incorporated into
dedicated hardware and, for example, a general-purpose
personal computer capable of executing various kinds of
functions by installing various kinds of programs.

[0357]

Fig. 27 is a block diagram illustrating an example
of configuratiocon of hardware of a computer executing the
above series oI processing using a program.

[0358]

In a computer 800, a CPU (Central Processing Unit)
801, & ROM (Read Onily Memory) 802, and a RAM {Random
Access Memory,) 803 are connected with each other wvia a
bus 804.

[0359]

The bus 804 1s further connected with an
input/output interface 805. The input/output interface
805 is connected with an input unit 806, an output unit
807, a storage unit 808, a communication unit 802, and a
drive 810.

[0360]

he input unit 806 is constituted by a keyboard, a
mouse, a microphone, and the like. The ocutput unit 807
is constituted by a display, a speaker, and the like.
The storage unit 808 is constituted by & hard disk, a
nonvolatile memcory, and the like. The communication unit
802 1s constituted by a network interface and the like.
The drive 810 drives a removable medium 811 such as a
magnetic disk, an optical disk, a magneto-ophtical disk,
and a semiconducior memory.
[0361]

In the computer configured as described above, the
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CPU 801 performs the above series of processing by, e.g.,
executing the program stored in the storage unit 808 by
loading the program to the RAM 803 via the input/output
interface 805 and the bus 804,

(03621

The program executed by the computer 800 (CPU 801)
may be provided as keing recorded to the removable medium
8ll serving as, for example, a package medium. Further,
the program can bé provided via wired cr wireless
transmission media such as local area network, the
Internet, and digital satellite broadcasting.

[0363]

In the computer, the program can be installed to
the storage unit 808 via the input/output interface 805
by loading the removable medium 811 to the drive 810.
Further, the program can be installed to the storage unit
808 by receiving the program with the communication unit
809 via wired or wireless transmission media. Also, the
program can ke installed to the ROM 802 and the storage
unit 808 befcrehand.

[0364]

The program executed by the computer may be a
program with which processing in performed in time
sequence according to the order explained in this
specification, or may be a program with which processing
is performed in parallel or with necessary timing, e.g.,
upon call.

[0365]

in this specification, steps describing the program

recorded in the recording medium include processing

performed in time seguence according to the described
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order. The steps may not be necessarily performed in
time sequence, and the steps include processing executed
in parallel or individually.

[0366]

In this specification, the system includes the
entire apparatus constituted by a plurality of devices.
[0367]

A configuration explained as a device (or a
processing unit) in the above explianation may be divided,
and structured as multiple devices {or processing units}).
A configuraticon explained as multiple devices (or
processing units) in the above explanation may be
combined, and structured as a device {or a processing
unit). Alternatively, it is to be understood that the
configuration cf each device (or each processing unit)
may be added with any configuration other than the above.
Further, when the configuration and operation of the
entire system are substantially the same, a part of
configuration of a certain device (or processing unit)
may be included in the configuration of another device
for another preocessing unit). More specifically, this
technigue is not limited to the above embodiment, and may
be changed in various manners as long as 1t is within the
gist of this technique.

[0368]

The image coding device and image decoding device
according to the embodiments explained abcove can be
applied to various kinds of electronic devices such as a
transmitter or a receiver for distribution to terminals
by satellite broadcasting, cable broadcasting such as

cable television, distribution on the Internet, cellular
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communication, recording devices for recording images to
a medium such as an optical disk, magnetic disk, and
flash memory, or a reproduction device for reproducing
images from these recording media. Hereinafter, four
examples of applications will be explained.

[0369]

<8. Example of application>

[First example of application: television reception
device]

Fig. 28 illustrates an example of schematic
configuration illustrating a television device teo which
the above embodiments are applied. The television device
900 includes an antenna 201, a tuner 9202, a demultiplexer
203, a decoder 204, a video signal processing unit 905, a
display unit 906, an audio signal processing unit 907, a
speaker 908, an external interface 909, a control unit
910, a user interface 911, and a bus %12.

[0370]

The tuner 90Z extracts a signal of a desired
channel from a broadcasting signal received via the
antenna 901, and demcdulates the extracted signal. Then
the tuner %902 cutputs the encoded kit stream obtained
from the demcdulation to the demultiplexer %03. More
specifically, the tuner 302 plays a role of a
transmission means in the television device 900 for
receiving the coded stream in which an image i1s encoded.
[0371]

The demultiplexer 803 separates a video stream and
an audioc stream of a program of viewing target from the
encoded bit stream, and cutputs the separated streams to

the decoder 904. urther, the demultiplexer 903 extracts
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auxiliary data such as EPG (Electronic Program Guide)
from the encoded bit stream, and provides the extracted
data to the control unit 910. t should be noted that
the demultiplexer 903 may perform descrambling in a case
where the encoded kit stream is scrambled.

(03723

The decoder 204 decodes the video stream and the
audio stream recelved from the demultiplexer 8903. Then,
decoder 904 outputs the video data generated from the
decoding processing to the video signal processing unit
905, The decoder 904 outputs the audio data generated
from the decoding processing to the audio signal
processing unit 207.

[0373]

The wvideo signal processing unit 905 plays the
video data received from the decoder 904, and causes the
display unit 506 to display the video. The video signal
processing unit 905 may display, on the display unit %06,
an application screen provided via the network. The
video signal processing unit 905 may perform additional
processing such as noise reducticn on the wvideo data in
accordance with setting. Further, the video signal
processing unit 205 generates an image of GUI {(Graphical
User Interface) such as menu, buttons, or cursor, and
overlays the generated image on the output image.

[0374]

The display unit 9206 is driven by a driving signal
provided from the video sigral processing unit 203, and
displays video or image on a videc screen of a display
device (such as liquid crystal display, plasma display oz

QELD (Organic Electroluminescence Display) {organic EL
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display) and the likej}.
[0375]

The audio signal processing unit 3907 performs
reproduction processing such as D/A conversion and
amplification of audio data recelved from the decoder 904,
and causes the speaker 908 to output audic. The audio
signal processing unit 207 may perform additional
processing such as noise reduction on the audio data.
(0376

The external interface 9%0% is an Interface for
connecticn between the television device S00 and external
device or network. For example, a video stream or an
audio stream received via the external interface 308 may
be decoded by the decoder 904, More specifically, the
extaernal interface 909 alsc plays a role cf =z
transmission means i1n the television device 900 for
receiving the coded stream in which an image is encoded.
(03771

The control unit 210 has a memory such as a
processor for a CPU and the like, and a RAM and a ROM.
The memory stores, e.g., programs executed by the CPU,
program data, EPG data, and data obtained via the network.
The program stored in the memcry may be, for example,
read and executed by the CPU when tThe television device
500 is activated. The CPU executes the program to
control operation of the television device 800 in
accordance with operation signal received from the ussr
interface 911, for example.

(03781
The user interface 91l is connected to the contrcl

unit 910. The user interface 911 includes, e.g., buttons
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and switches with which the user operates the television
device 900, and a reception unit for receiving a remote
contrel signal. The user interface 911 generates an
operation signal by detecting user's operation via these
constituent elements, and outputs the generated operation
signal to the control unit 210.

[0372]

The bus 912 connects the tuner 202, the
demultiplexer %03, the decoder 904, the wvideo signal
processing unit 905, the audio signal processing unit 907,
the external interface 908, and the control unit 9210 with
each other.

[0380]

In the television device 900 configured as
described above, the decoder 904 has a function of an
image decoding device according tce the embodiments
explained above. Therefore, the amcunt of codes can be
reduced when images are decoded by the television device
900,

[0381]

[Second example of application : cellular phone]

Fig. 29 illustrates an example of schematic
configuration illustrating a cellular phone to which the
above embodiments are applied. The cellular phone 920
incliudes an antenna 921, a communication unit 922, an
audio codec 923, speaker %24, a microphone %25, a camera
unit 224, an image processing unit %27, a demultiplexer
828, a recording/reproducing unit %29, a display unit 830,
a control unit 931, an operaticon unit 93Z, and a bus 933.
[0382]

The antenna %71 is connected to the communication
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unit 222. The speaker %24 and the microphone %25 are
connected to the audio codec 923. The operation unit 932
is connected to the contreol unit 231. The bus 933
connects the communication unit 922, the audio codec 823,
the camera unit 926, the image processing unit 927, the
demultiplexer 928, the recording/reproducing unit 529,
the display unit 930, and the control unit 931 with each
other.

[0383]

The cellular phone 920 performs operation such as
transmission/reception of audio signals,
transmission/reception of e-mails or image data,
capturing images, and recording data in varicus kinds of
modes including audio phone call mode, data communication
mode, shooting mode, and video call mode.

[c384]

In the audic phone call mode, an analog audio
signal generated by the microphone 225 is provided tc the
audio codec 923. The audio codec 923 converts an analog
audio signal into audio data, performs A/D conversion on
the converted audio data, and compresses the audio data.
Then, the audio codec 923 ocutputs the compressed audio
data to the communication unit 9%2Z2. The communication
unit 922 encodes and modulates the audio data, and
generates a transmission signal. Then, the communication
unit 922 transmits the generated transmission signal via
the antenna 821 to the base station (not shown). The
communication unit %22 amplifies a radio signal r=ceived
via the antenna 221, and converts the frequency, and
obtains a reception signal. Then, the communication unit

922 generates audio data by demodulating and decoding a
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reception signal, and outputs the generated audio data to
the audic codec $23. The audioc codec 923 decompresses
the audioc data, performs D/A conversiocn, and generates an
analog audic signal. Then, the audio codec 922 provides
the generated audio signal to the speaker 924, and
outputs audio.

[0385]

In the data communication mode, for example, the
control unit 931 generates text data constituting an e-
mail in accordance given with user's operation with
operation unit 8322Z. The control unit 931 displays
characters on the display unit 930. The control unit 931
generates e-mall data in accordance with user's
transmission instruction given with the operation unit
232, and outputs the generated e-mail data to the
communication unit 922. The communication unit §22
encodes and modulates e-mall data, and generates a
transmission signal. Then, the communication unit 922
transmits the generated transmission signal via the
antenna 3921 toc the base station (not shown). The
communication unit 922 amplifies a radio signal received
via the antenna %21, and converts the freguency, and
obtains a reception signal. Then, the communication unit
922 restcores e-mail data by demodulating and decoding the
reception signal, and outputs the restored e-mail data to
the contrcel unit 931. The control unit 931 displays the
contents of the e-mail on the display unit 930, and
stores the s2-mail data to the recording medium of the
recording/reproducing unit 92%.

{03867

The recording/reproducing unit 929 has any given
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recording medium that can be read and written. For
example, the recording medium may be an internal
recording medium such as & RAM or a flash memory, and may
be an externally-attached recording medium such as a hard
disk, a magnetic disk, a magneto-optical disk, an optical
disk, a USB (Universal Serial Bus) memcry, oOr a memory
card.

[0387]

In the shoocting mode, for example, the camera unit
926 captures an image of a subject, generates image data,
and outputs the generated image data to the image
processing unit 927. The image processing unit 827
encodes the image data, which are input from the camera
unit 926, and stores the coded stream in the storage
medium of the storing/reproducing unit 929,

[0388]

In the video call mode, for example, the
demultiplexer 928 multiplexes the videc stream encoded by
the image processing unit 927 and the audio stream
received from the audio codec 923, and outputs the
mualtiplexed stream to the communication unit 922. The
communication unit 922 encodes and modulates the stream,
and generates a transmission signal. Then, the
cemmunicaticon unit 922 transmits the generated
transmission signal via the antenna 921 to the base
station (not shown). The communication unit €22
amplifies & radio signal received wvia the antenna 921,
and converts the freguency, and cobtains a reception
signati. The transmission signal and the recepiion signal
may include the encoded bit stream. Then, the

communication unit 922 restores the stream by
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demodulating and decoding the reception signal, and
outputs the restored stream to the demultiplexsr 928.
The demultiplexer 9Z8 separates the video stream and the
audic stream from the received stream, and oublputs the
video stream to the image processing unit 927 and the
audic stream to the audio codec 923. The image
processing unit 927 decodes the videc stream, and
generates video data. The video data are provided to the
display unit 930, and the display unit 930 displays a
series of images. The audio codec 923 decompresses the
audioc stream, performs D/A conversion, and generates an
analog audio signal. Then, the audio codec 923 provides
the generated audio signal to the speaker 924, and
ocutputs audio.

[G389]

In the cellular phone 220 configured as described
above, the image processing unit 927 has a function of
the image coding device and the image decoding device
according to the embodiments explained above.
Accordingly, the amount of codes can be reduced when
images are encoded and decoded by the cellular phone 920.
[0390]

[Third example of application:
recording/reproducing device]

Fig. 30 illustrates an example of schematic
configuration illustrating a recording/reproducing device
to which the above embodiments are applied. For example,
the recording/reproducing device 2940 encodes the audio
data and the video data of received brcadcasting program,
and records them tc the recording medium. For example,

the recording/reproducing device 940 may encode the audio
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data and the video data of obtained from ancther device,
and may record them to the recording medium. For example,
the recording/reproducing device 940 reproduces the data
recorded con the recording medium using the monitor and
the speaker in accordance with user's instruction. At
this occasion, the reccording/reproducing device 240
decodes the audico data and the video data.

[G391]

The recording/reproducing device 940 includes a
tuner 941, an external interface 8942, an encoder 943, an
HDD (Hard Disk Driwve) 944, a disk drive 945, a selector
94%, a decoder 947, an 0SD (On-Screen Display) 948, a
control unit 949, and a user interface 850.

[0392]

The tuner %41 extracts a signal of a desired
channel from a broadcasting signal received via an
antenna {(not shown), and demodulates the extracted signal.
Then, the tuner 241 ocutputs the encoded bit stream
obtained from the dececding to the selector 946. More
specifically, the tunsr %41 plays a role of a
transmission means in the reccerding/reproducing device
340.

[0393]

The external interface 942 is an interfazce for
connaction between the recording/reproducing device 9490
and external device or network. The external interface
942 may be, for example, an JEEEI394 interface, & network
interface, a USB interface, a flash memory interface, or
the like. For example, the video data and audio data
received via the external interface 942 are ilnput into

the encoder 9432. More specifically, the external
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interface 942 plavys a role of a transmission means in the
recording/reproducing device 340.
(0394}

When the video data and the audic data received
from the external interface 942 are not encoded, the
encoder 943 encodes the video data and the audio data.
Then, the encoder 943 outputs the encoded bit stream to
the seliector 946.

[0325]

The EDD %44 records the encoded bit stream obtained
by compressing content data such as video and audic,
varicus kinds of programs, and other data to the hard
disk provided therein. When the video and aud:ic are
reproduced, the HDD 944 reads the data from the hard disk.
[0396]

The disk drive 945 records and reads data to/from
the recording medium loaded. The recording medium lcaded
to the disk drive 945 may be, for example, a DVD disk
(DVD-Video, DVD-RAM, DVD-R, DVD-RW, DVD+R, DVD+RW, and
the like) or Blu-ray (registered trademark) disk.

[0397]

When the video and the audic are recorded, the
selector 946 selects the encoded bit stream which is
input from the tuner 241 or the encoder 943, and outputs
the selected encoded bilt stream to the HDD %44 or the
disk drive 94%. Further, when the video and the audio
are reproduced, the selector 946 outputs the encoded bit
stream which is input from the HDD 244 or the disk drive
945 to the decoder 947,

[0398]

The decoder 947 decodess the encoded bit stream, and
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generates videc data and audio data. Then, the decoder
947 outputs the generated video data to an 05D 848. The
deccder 904 outputs the generated audio data to an
external speaker.

[0359]

The 08D 948 reproduces the video data recelved from
the decoder 947, and displays wvidec. The 03D 948 may
overlays images of GUI such as menu, buttons, or cursor,
on the displayed video.

[0400]

The control unit 243 has a memory such as a
processor for a CPU and the like, and a RAM and a ROM.
The memory records programs executed by the CPU, program
data, and the like. The program stored in the memory may
be, for example, read and executed by the CPU when the
recording/reproducing device 940 is activated. The CPU
executes the program to control operation of the
recording/reproducing device 940 in accordance with
operation signal received from the user interface 971,
for example.

(04017

The user interface 950 is connected tc the control
unit 949, The user interface 950 includes, e.g., buttons
and switcﬂes with which the user operates the
recording/reproducing device 940, and a reception unit
for receiving a remote control signal. The user
interface 950 generates an operation signal by detecting
use}’s operation via these constituent slements, and
outputs the generated operation signal to the control
unit 949.

(04021
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In the recording/reproducing device 940 configured
as described above, the encoder 943 has a function of the
image coding device according to the above embodiment.
The decoder %47 has a function of an image decoding
device according to the embodiments explained above.
Accordingly, the amount of codes can be reduced when
images are encoded and decoded by the
recording/reproducing device 940.

[0403]

[Fourth example of application : image-capturing
device]

Fig. 31 illustrates an example of schematic
configuration i1ilustrating an image-capturing device to
which the above embodiments are applied. An image-
capturing device 960 captures an image of a subject,
generates image data, and records the image data to a
racording medium,

[0404]

The image-capturing device 960 includes an optical
block 861, an image~capturing unit 262, a signal
processing unit %963, an image processing unit 964, a
display unit 965, an external interface 266, a memory 967,
a medium drive 968, an 0SD 969, a control unit 970, a
user interface 971, and a bus 972.

[0405]

The optical block 961 1s connected the image-—
capturing unit 962. The image-captruring unit 962 is
cennected to the signal processing unit 963. The display
unit 965 1is connected to the image processing unit 964.
The user interface 971 is connected to the contreol unit

970. The bus 972 connects the image processing unit 964,
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the external interface 966, the memory 967, the medium
drive 968, the 08D 969, and the control unit 970 with
each other.

[0406]

The optical block 9261 includes a focus lens and a
diaphragm mechanism. The optical block 961 causes an
optical image of a subject to be formed on an image-
capturing surface of the image-capturing unit %62. The
image-capturing unit 962 includes an image sensor such as
a CCD {Charge Coupled Device) or a CMOS (Complementary
Metal Oxide Semiconductor), and converts the ophtical
image formed on the image-capturing surface into an image
signal which i1s an electric signal by photoelectric
conversion. Then, the image-capfturing unit 262 outputs
the image signal to the signal processing unit 9263.
[0407]

The signal processing unilt %63 performs various
kinds of camera signal processing such as knee correction,
gamma correcticon, and color correction on an image signal
received from the image-capturing unit 9%62. The signal
processing uniit 963 outputs the image data which have
been subijected to the camera signal processing to the
image processing unit 964.

[0408]

The image processing unit 964 encodes the image
data received from the signal processing unit 963, and
generates coded data. Then, the image processing unit
964 outputs the generated coded data to the external
interface 966 or the medium drive 968, The image
processing unit 964 decodes the coded data received from

the external interface %66 or the medium drive 968, and
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generates image data. Then, the image processing unit
964 outputs the generated image data to the display unit
965, The image processing unit 964 may output the image
data received from the signal processing unit 963 to the
display unit 985, and may display the image thereon. The
image processing unit 964 may also overlay display data
obtained from the 08D 969 on the image which is to be
ocutput to the display unit %65.

[0409]

For example, the 0O3SD 262 may generate images of GUI
such as menu, buttcens, or cursor, and output the
generated image to the image processing unit 964,

[0410]

The external interface 9486 is configured as, for
example, a USB input/output terminal. The external
interface 966 connects the image-capturing device 960 and
a printer during'printing of an image, for example. The
external interface 966 is connected to a drive, as
necessary. In the drive, for example, a removable medium
such as a magnetic disk or an optical disk may be loaded.
A program which is read from the removable medium may be
installed to the image~capturing device 9€0. Further,
the external interface 966 may be configured as a network
interface connected to a network such as a LAN or the
Internet. More specifically, the external interface 3966
plays a role of a transmission means in the image-
capturing device 960.

[0411]

The recording medium leoaded to the medium drive 968§

may be any given removable medium which can be read and

written, such as a magnetic disk, an optical magnetic
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disk, an optical disk, or a semiconductocer memory. The
recording medium loaded to the medium drive 968 in a
fixed manner, and, for example, a non-removable storage
unit such as an internal hard disk drive or 8SD (Solid
State Drive) may be configured.

[0412]

The control unit 270 has a memory such as a
processor for a CPU and the like, and a RAM and a ROM.
The memory records programs executed by the CPU, program
data, and the like. The program stored in the memory may
e, for example, read and executed by the CPU when the
image-capturing device 960 is activated. The CPU
executes the program to control operation of the image-
capturing device 260 in accordance with operation signal
received from the user interface 850, for example.

[0413]

The user interface Y71 1s connected to the control
untit 970. The user interface 971 includes, &.g., bultons
and switches with which the user operates the image-
capturing device 960. The user interface 971 generates
an operation signal by detecting user's operation via
these constituent elements, and outputs the generated
operation signal to the control unit 870.

[0414]

In the image~capturing device 960 configured as
described above, the image processing unit 264 has a
function of the image coding device and the image
decoding device according to the embodiments explained
above. Accordingly, the amount of codes can be reduced
when images are enccded and decoded by the image-

capturing device 960.
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{04153

In this specification, an example has been
explained in which various kinds of infermation such as
the parameters and the like of the sample adaptive offset
filter are multiplexed intc the coded stream and
transmitted from the encoding side to the decoding side.
However, the method for transmitting information is not
limited to such example. For example, the information
may not be multiplexed into the encoded bit stream, and
may be transmitted or recorded as separate data
associated with the encoded bit stream. In this case,
the term “assoclated” means that the image included in
the bit stream (which may ke a part of image such as
slice or block) and information corresponding to the
image 1s linked during decoding. More specifically, the
information may be transmitted through a transmission
path which is separate from the image (or kit stream).
The information may be recorded to another recording
medium which is different from the image (or bit stream}
(or another recording area of the same recording medium).
Further, the infcermation and the image {(or bit stream)
may pe associated with each other in any given unit such
as multiple frames, a frame, or a portion of a frame.
[0416]

The preferred embodiments of the present disclosure
have been hereinabove described in detail with referénce
to atitached drawings, but the present disclosure is not
limited tc such example. It is evident that a person of
ordinarily skilled in the art to which the technigue of
the present disclosure pertains can conceive of various

kinds of changes or modifications within the scope of the
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technical gist described in the claims, and it is
understood that varicus kinds of changes or modifications
within the scope of the technical gist described in the
claims are also included in the technical scope of the
present disclosure.

[0417]

It should be noted that this technigue can alsoc be
configured as follows.

(1) An image processing apparatus comprising:

a decoding unit configured to perform decoding
precessing on a coded stream to generate an image; and

a sample adaptive offset filter unit configured to
apply sample adaptive offset filter to the image
generated by the decoding unit in acceordance with a type
of a sample adaptive offset filter which is common to
components of the image.

{2} The image processing apparatus accerding to (1),
wherein the tType of the sample adaptive offset filter is
common to a brightness component and a coler difference
component of the image.

(3} The image processing apparatus according to (1),
wherein the type of the sample adaptive offset filter is
common to color difference components of the image.

(4) The image processing apparatus according to (3),
wherein the type of the oifset filter is common to a
first color difference component and a second color
difference component.

(5) The images processing apparatus according to (4),
wherein when the type of the sample adaptive cffset
filter correspeonding to the first coleor difference

component 1s a band offset, the type of the sample
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adaptive offset filter corresponding to the second color
difference component is a band offset.

(6} The image processing apparatus according to {4},
wherein when the type 0f the sample adaptive offset
filter corresponding to the first color difference
component is an edge offset, the type of the sample
adaptive offset filter corresponding to the second color
difference component is an edge offset.

{7) The image processing apparatus according to (4},
wherein when the type of the sample adaptive offset
filter is an edge offset, a pattern rule of the edge
offset is common between color difference components of
the image.

(8) The image proceséing apparatus according to (7},
wherein when the type of the offset filter correspending
to the first color difference component is cne-
dimensiconal pattern of an edge offset, the type of the
offset filter corresponding to the second color
difference component is one-dimensional pattern of the
edge offset.

(9) The image processing apparatus according to (7},
wherein when the type of the offset filter corresponding
to the first color difference component is two-
dimensional pattern of the edge offset, the type of the
offset filter corresponding to the second color
difference component is two-dimensional pattern of the
edge offset.

{10} The image processing apparatus according to
(4), wherein when the type of the offset filter
corresponding to the first color difference component is

a type for not épplying an offset, the type of the offset
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filter corresponding to the second color difference
component is a type for not applving an offset.

(11} The image processing apparatus according to
any of (1) to {18), wherein a color space of the image is
in a ¥/Cb/Cr format.

(12} The image processing apparatus according to
any of (1) to (11) further comprising a reception unit
configured to receive the coded stream and type
information indicating the type of the sample adaptive
offset filter common between components of the image,

wherein the decoding unit uses the type information
received by the reception unit to decode the coded stream
received by the reception unit.

(13} The image processing apparatus according to
any of (1} teo (12) further comprising a deblock filter
unit configured to apply deblock filter to the image
generated by the decoding unit, wherein the sample
adaptive offset filter unit applies sample adaptive
offset filter to the image to which the deblock filter is
applied by the deblock filter unit.

(14) The image processing apparatus according to
any of (1) to (13}, wherein the reception unit receives a
merge flag indicating a same offset as an adjacent coding
unit adjacent to a current coding unit, and

the sample adaptive offset filter unit uses the
merge flag received by the reception unit to apply sample
adaptive offset filter to the image generated by the
decoding unit.

{15} An image processing methoed comprising:

performing decoding processing on a coded stream to

generate an image; and
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applying sample adaptive offset filter to the
generated ilmage in accordance with a type cof a sample
adaptive offset filter which is common to components of

the image.

REFERENCE S5IGNS LIST

[0418]

11 Image coding device

26 Lossless coding unit

31 Deblock filter

47 Sample adaptive offset filter
42 Adaptive loop filter

51 Image decoding device

62 Lossless decoding unit

66 Deblock filter

81 Sample adaptive offset filter
82 Adaptive loop filter

11131 SAO flag

112 Type setting unit

113 Offselt setting unit

114 SA0 control information setting unit
115 Offset buffer

116 Filter processing unit
117 Image buffer

141 Type setting unit

151 Y type setting unit

152 Cm type setting unit
i61 Syntax write unit

2171 Syritax acquisition unit
221 SAQ flag reception unit

222 Type recepltion unit
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Merge flag reception unit
Offset buffer

Offset reception unit
Filter processing unit
Image buffer

Syntax acqguisition unit
Type reception unit

Y type recepition unit

Cm type reception unit
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CLAIMS:
1. An image processging apparatus comprising:

a setting unit configured to set type information
indicating a type which is common to a type of a sample
adaptive offset filter of a first color difference
componernt of an image and a type of a sample adaptive
offget filter of a second color difference component of
the image;

a sample adaptive offset filter unit configured to
apply sample adaptive offset filter to an image which is
locally decoded when the image is encoded;

an encoding unit configured to use the image, to
which the sample adaptive offset filter is applied by the
gsample adaptive offget filtexr unit, to perform encoeding
processing on the image to generate a coded stream; and

a transmission unit configured to transmit the type
information which is set by the setting unit and the

coded stream generated by the enceding unit.

2. The image processing apparatus according to claim 1,
wherein the setting unit sets, as the type information,
information which is made common to first type
information indicating the type of the sample adaptive
offget filter of the first color difference component of
the image and second type information indicating the type
of the sample adaptive offset filter of the second color

difference component of the image.

3. The image processing apparatus according to claim 2,
wherein the setting unit sets, for each maximum encoding

unit, first type information indicating the type of the
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gsample adaptive offset filter of the first color

difference component of the image and second type

information indicating the type of the sample adaptive

offset filter of the second color difference component of

the image in such a manner that the first type

information and the second type information are made

COommaorn.

4,

The image processing apparatus according to claim 2,

wherein the transmission unit transmits, as type

information that is set by the setting unit, first type

information indicating the type of the sample adaptive

offget filter of the first color difference component of

the image and second type information indicating the type

of the sample adaptive offset filter of the second color

difference component of the image in such a manner that

the first type information and the second type

information are made common.

5.

The image processing apparatus according to claim 4,

wherein the transmission unit transmits, as a syntax of

the coded stream, first type information indicating the

type of the sample adaptive offset filter of the first

color difference component of the image and second type

information indicating the type of the sample adaptive

offset filter of the second color difference component of

the image in such a manner that the first type

information and the second type information are made

COMtOIL .

5.

The image processing apparatus according to claim 1,
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component of the image
adaptive offget filter

compenent of the image
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as the type information,
that the type of the gample

of the first color difference
and the type of the sample

of the second color difference

are common and are band offsets,

7. The image processing apparatus according to claim 1,

wherein the setting unit sets, as the type information,

information indicating
adaptive offset filter
component of the image
adaptive offset filter

compenent of the image

that the type of the sample
of the first color difference
and the type of the sample
of the second color difference

are common and are edge offsets.

8. The image processing apparatus according to c¢laim 7,

wherein the setting unit sets,

information indicating
adaptive offset filter
component of the image
adaptive offget filter
component of the image

of edge offsets.

as the type information,
that the type of the =sample

of the first color difference
and the type of the sample

of the second color difference

are common and are pattern rulesg

9. The image processing apparatus according to claim 8,

wherein the setting unit sets, as the type information,

information indicating
adaptive offset filter
component of the image
adaptive offset filter

component of the image

that the type of the sample
of the first coloxr difference
and the type of the sample
0of the second color difference

are common and are cne-dimengional
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pattern rules of edge cffsets.

10. The image processing apparatus according to claim
wherein the setting unit sets, as the type information,
information indicating that the type of the sample
adaptive offset filtexr of the first color difference
component of the image and the type of the sample

adaptive offget filter of the second color difference

8,

component of the image are common and are two-dimensional

pattern ruleg of edge offgets.

11. The image procegsing apparatus according to claim
wherein the setting unit sets, as the type information,
information indicating that the type of the sample
adaptive offset filter of the first color difference
component of the image and the type of the sample
adaptive offset filter of the second color difference
component of the image are commen and are types for not

applying any offset.

12. The image processing apparatus according to claim
wherein a color space of the image is in a Y/Ch/Cr

format.

13. The image processing apparatus according to claim
wherein the encoding unit encodes the image in a unit

having a hierarchical structure.

14. The image processing apparatus according to claim
further comprising a deblock filter unit configured to

apply deblock filter to the image locally decoded,

1,
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wherein the sample adaptive offset filter unit
applieg sample adaptive offset filter to the image to
which the deblock filter is applied by the deblock filter

unit.

15. An image processing method comprising:

getting type information indicating a type which is
common to a type of a sample adaptive offset filter of a
first color difference component of an image and a type
of a sample adaptive offset filter of a second color
difference component of the image;

applying sample adaptive offset filter to an image
which is locally decoded when the image is encoded;

using the image, to which the sample adaptive
offset filter is applied, to perform encoding processing
on the image to generate a coded stream; and

transmitting the fype information which is set and

the coded stream which 1s generated.



