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(57) Abrégé/Abstract:

The present disclosure relates to an image processing device and method for enabling the dynamic range of an image to be
accurately reproduced.

A value on the vertical axis, corresponding to the maximum white level, is a digital value by which the maximum white level (white
800%) is assigned to a developed image, and is set and transmitted as max_white_level_code_value which is one of the dynamic
range characteristic information contents. A value on the vertical axis, corresponding to a white level, is a digital value by which the
white level (white 100%) is assigned to the developed image, and is set and transmitted as white_level_code_value which is one of
the dynamic range characteristic information contents. The present disclosure is applicable to, for example, an image processing
device.
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ABSTRACT

The present disclosure relates to an image
processing device and method which can accurately
reproduce a dynamic range of an image.

A value on a vertical axis corresponding to a
maximum white level is a digital value of the maximum
white level (white 800%) which is assigned to a developed
image, and is set as max_white level code value which is
one of characteristics information of the dynamic range
and is transmitted. A value on the vertical axis
corresponding to a white level is a digital value of a
white level (white 100%) which is assigned to a developed
image, and is set as white level code value which is one
of characteristics information of the dynamic range and
is transmitted. The present disclosure is applicable to,

for example, an image processing device.
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DESCRIPTION
IMAGE PROCESSING DEVICE AND METHOD

TECHNICAL FIELD
[0001]

The present disclosure relates to an image
processing device and method and, more particularly,
relates to an image processing device and method which

can accurately reproduce a dynamic range of an image.

BACKGROUND ART
{0002]

In recent years, devices are spreading that handle
image information as digital information, and, in this
case, compress and encode images by adopting an encoding
technique of utilizing redundancy unique to image
information and performing compression by orthogonal
transform such as discrete cosine transform or motion
compensation to transmit and accumulate high-efficiency
information. This encoding technique is, for example,
MPEG (Moving Picture Experts Group), H.264 or MPEG-4 Part
10 (Advanced Video Coding which is referred to as "AVC"
below) .

[0003]

At present, to achieve higher encoding efficiency
than that of H.264/AVC, an encoding technique called HEVC
(High Efficiency Video Coding) is being developed as a
standard by JCTVC (Joint Collaboration Team - Video
Coding), which is a joint standardization organization of

ITU-T and ISO/IEC (see Non Patent Literature 1).
[0004)]
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In a draft of HEVC at a current point of time, tone
mapping information is transmitted in SEI (Supplemental
Enhancement Information) illustrated in Fig. 1.

[0005]

Content of this tone mapping information is the

same as that standardized in AVC as illustrated in Fig. 2

(see Non Patent Literature 2).

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) text specification draft
7", JCTVC-I1003 verb, 2012.6.12

Non-Patent Document 2: D.1.24 of Rec. ITU-T H.264 |
ISO/IEC 14496-10

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

Lately, cameras and displays can capture or display
images of a high dynamic range.
[0008]

In such a situation, although widening a dynamic
range of a decoded image is reguested to display images
of various dynamic ranges, a dynamic range of a decoded
image i1s not defined in Non Patent Literature 1.

[0009]
In light of this situation, the present disclosure

can accurately reproduce a dynamic range of an image.
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SOLUTIONS TO PROBLEMS
[0010]

An image processing device according to a first
aspect of the present disclosure has: an encoding unit
which performs an encoding operation on an image and
generates a bit stream; a setting unit which sets dynamic
range characteristics information which indicates
characteristics of a dynamic range to be assigned to a
developed image, to a captured image; and a transmitting
unit which transmits the bit stream generated by the
encoding unit and the dynamic range characteristics
information set by the setting unit.

[0011]

The setting unit can set code information which
indicates a code of the dynamic range to be assigned to
the developed image, to the captured image as the dynamic
range characteristics information.

[0012] |

The setting unit can set code information which
indicates the code to be assigned to the developed image,
to a white level of the captured image as the dynamic
range characteristics information.

[00131

The setting unit can set white level code
information which indicates the code to be assigned to
the developed image, to the white level of the captured
image as the dynamic range characteristics informat;on.
[0014]

The setting unit can set maximum white level code

information which indicates a maximum value of the code
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to be assigned to a white level of the developed image,
as the dynamic range characteristics information.
[0015]

The setting unit can set black level code
information which indicates a code of a black level of
the developed image, as the dynamic range characteristics
information.

[0016]

The setting unit can set gray level code
information which indicates a code of a gray level of the
developed image, as the dynamic range characteristics
information.

[0017]

The setting unit can set maximum white level
information which indicates a maximum value of a white
level of the captured image, as the dynamic range
characteristics information.

[0018]

The setting unit can set information which
indicates a range of luminance of a region of interest of
an image obtained by performing a decoding operation on
the bit stream as the dynamic range characteristics
information.

[0019]

The setting unit can set information which
indicates a position and an offset of a region of
interest of an image obtained by performing a decoding
operation on the bit stream as the dynamic range
characteristics information.

[0020]

The transmitting unit can transmit the dynamic
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range characteristics information as auxiliary
information used to display the image obtained by
performing the decoding operation on the bit stream.
[0021]

The transmitting unit can transmit the dynamic
range characteristics information as extended auxiliary
information obtained by extending existing auxiliary
information.

[0022]

The transmitting unit can transmit the dynamic
range characteristics information as
tone mapping information SEI (Supplemental enhancement
information}) .

[0023]

The transmitting unit can extend model id used to
transmit the dynamic range characteristics information by
targeting at the tone mapping information SEI, and
transmit the dynamic range characteristics information as
SET.

[0024]

The transmitting unit can transmit the dynamic
range characteristics information as VUI (Video Usability
Information) which indicates usability of the image by a
sequence.

[0025]

The encoding unit can perform the encoding
operation on the image according to an encoding technigue
compliant with AVC/H.264.

[0026]
An image processing method according to a first

aspect of the present disclosure includes: performing an
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encoding operation on an image and generating a bit
stream; setting dynamic range characteristics information
which indicates characteristics of a dynamic range to be
assigned to a developed image, to a captured image; and
transmitting the generated bit stream and the set dynamic
range characteristics information.

[0027]

An image processing device according to a second
aspect of the present disclosure has: a decoding unit
which performs a decoding operation on a bit stream and
generates an image; and an image adjusting unit which
uses dynamic range characteristics information which
indicates characteristics of a dynamic range to be
assigned to a developed image, to a captured image, and
adjusts the dynamic range of the image generated by the
decoding unit.

[0028]

The image processing device further has a receiving
unit which receives the bit stream and the
characteristics information, and the decoding unit can
perform the decoding operation on the bit stream received
by the receiving unit and the image adjusting unit can
use the dynamic range characteristics information
received by the receiving unit, and adjust the dynamic
range of the image generated by the decoding unit.

(00291

An image processing method according to a second
aspect of the present disclosure includes: performing a
decoding operation on a bit stream, and generating an
image; and using dynamic range characteristics

information which indicates characteristics of a dynamic
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range to be assigned to a developed image, to a captured
image, and adjusting the dynamic range of the generated
image.
[0030]

In the first aspect of the present disclosure, an
encoding operation on an image is performed and a bit
stream 1s generated, and dynamic range characteristics
information which indicates characteristics of a dynamic
range to be assigned to a developed image is set to a
captured image. Further, the generated bit stream and
the set dynamic range characteristics information are
transmitted.

[0031]

In the second aspect of the present disclosure, a
decoding operation on a bit stream is performed, and an
image is generated. Further, dynamic range
characteristics information which indicates
characteristics of a dynamic range to be assigned to a
developed image is used to a captured image, and the
dynamic range of the generated image is adjusted.

[0032]

In addition, the above image processing device may
be an independent device or may be an internal block
which forms one image encoding device or image decoding

device.

EFFECTS OF THE INVENTION
[0033]

According to a first aspect of the present
disclosure, it is possible to encode images.

Particularly, it is possible to accurately reproduce a
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[0034]

According to a second aspect of the present
disclosure, it is possible to decode images.
Particularly, 1t is possible to accurately reproduce a

dynamic range of an image.

BRIEF DESCRIPTION OF DRAWINGS
[0035]

Fig. 1 is a view illustrating an example of a SEI
syntax.

Fig. 2 is a view illustrating an example of a tone
mapping SEI syntax.

Fig. 3 1s a block diagram illustrating an example
structure of a first embodiment of an encoding device to
which the present technique is applied.

Fig. 4 is a block diagram illustrating an example
structure of an enceding unit in Fig. 3.

Fig. 5 1s a view for explaining characteristics
information of a dynamic range.

Fig. 6 is a view for explaining characteristics
information of a dynamic range.

Fig. 7 is a view for explaining characteristics
information of a dynamic range.

Fig. 8 1s a view illustrating an example of a tone
mapping SEI syntax.

Fig. 9 is a view illustrating another example of a
tone mapping SEI syntax.

Fig. 10 is a view illustrating a table of meanings
of indicators indicated by camera sensitivity and an

expogure index.

CA 2875199 2019-07-31
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Fig. 11 is a view illustrating an example of a
luminance dynamic range SEI syntax.

Fig. 12 is a view illustrating an example of a VUI
syntax.

Fig. 13 is a view illustrating another example of a
VUI syntax.

Fig. 14 is a view illustrating another example of a
VOI syntax.

Fig. 15 is a view for explaining a syntax of
characteristics information of a dynamic range.

Fig. 16 is a flowchart for explaining a generating
operation of the encoding device in Fig. 3.

Fig. 17 is a flowchart for explaining details of an
encoding operation in Fig. 16.

Fig. 18 is a flowchart for explaining details of
the encoding operation in Fig. 16.

Fig. 19 is a block diagram illustrating an example
structure of the first embodiment of a decoding device to
which the present technique is applied.

Fig. 20 is a block diagram illustrating an example
structure of a decoding unit in Fig. 19.

Fig. 21 is a flowchart for explaining a display
operation of the decoding device in Fig. 19.

Fig. 22 is a flowchart for explaining details of
the decoding operation in Fig. 21.

Fig. 23 is a block diagram illustrating an example
structure of a second embodiment of an encoding device to
which the present technigue is applied.

Fig. 24 is a block diagram illustrating an example
structure of an encoding unit in Fig. 23.

Fig. 25 is a block diagraﬁ illustrating an example
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structure of the second embodiment of a decoding device
to which the present technique is applied.

Fig. 26 is a block diagram illustrating an example
structure of a decoding unit in Fig. 25.

Fig. 27 1s a view illustrating an example of a
multi-view image encoding technique.

Fig. 28 is a view illustrating a main example
structure of a multi-view image encoding device to which
the present disclosure is applied.

Fig. 29 is a view illustrating a main example
structure of a multi-view image encoding device to which
the present disclosure is applied.

Fig. 30 is a view illustrating an example of a
hierarchical image encoding technique.

Fig. 31 is a view illustrating a main example
structure of a hierarchical image encoding device to
which the present disclosure is applied.

Fig. 32 is a view illustrating a main example
structure of a hierarchical image decoding device to
which the present disclosure is applied.

Fig. 33 is a block diagram illustrating a main
example structure of a computer.

Fig. 34 is a block diagram illustrating an example
of a schematic structure of a television device.

Fig. 35 is a block diagram illustrating an example
of a schematic structure of a portable telephone device.

Fig. 36 is a block diagram illustrating an example
of a schematic structure of a recording/reproducing
device.

Fig. 37 is a block diagram illustrating an example

of a schematic structure of an imaging device.

10
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MODE FOR CARRYING OUT THE INVENTION
[0036]

The following is a description of modes for
carrying out the present technique (hereinafter referred
to as embodiments). Explanation will be made in the
following order.

1. First Embodiment (Encoding/Decoding Device
according to HEVC Technique)

2. Second Embodiment (Encoding/Decoding Device
according to AVC Technique)

3. Third Embodiment (Multi-View Image
Encoding/Multi-View Image Decoding Device)

4. Fourth Embodiment (Hierarchical Image
Encoding/Hierarchical Image Decoding Device)

5. Fifth Embodiment (Computer)

6. Application Example
[0037]

<First Embodiment>
[Example Structure of a First Embodiment of an Encoding
Device]

Fig. 3 is a block diagram illustrating an example
structure according to a first embodiment of an encoding
device as an image processing device to which the present
technigque is applied.

{0038]

An encoding device 1 in Fig. 3 has an encoding unit
2, a setting unit 3 and a transmitting unit 4, and
encodes images such as captured images according to a
HEVC technique.
[0039]

11
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More specifically, the encoding unit 2 of the
encoding device 1 receives as an input signal an input of
an image such as a frame-based captured image. The
encoding unit 2 encodes the input signal according to the
HEVC technique, and supplies the resultant encoded data
to the setting unit 3.

{0040]

The setting unit 3 sets SPS (Sequence Parameter
Set), PPS (Picture Parameter Set), VUI (Video Usability
Information) which indicates characteristics (usability)
of an image corresponding to encoded data per sequence
and SEI (Supplemental Enhancement Information). The
setting unit 3 generates an encoded stream from the set
SPS, PPS, VUI and SEI and the encoded data supplied from
the encoding unit 2. The setting unit 3 supplies the
encoded stream to the transmitting unit 4.

{00411

The transmitting unit 4 transmits the encoded
stream supplied from the setting unit 3, to a decoding
device described below.

[0042]
[Example Structure of an Encoding Unit]

Fig. 4 is a block diagram illustrating an example
structure of the encoding unit 2 in Fig. 3.

[0043]

The encoding unit 2 in Fig. 4 includes an A/D
converter 11, a screen rearrangement buffer 12, an
arithmetic operation unit 13, an orthogonal transform
unit 14, a guantization unit 15, a lossless encoding unit
16, an accumulation buffer 17, an inverse quantization

unit 18, an inverse orthogonal transform unit 19, an

12
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addition unit 20, a deblocking filter 21, a frame memory
22, a switch 23, an intra prediction unit 24, a motion
prediction/compensation unit 25, a predicted image
selection unit 26, and a rate control unit 27.

[0044]

Further, between the deblocking filter 21 and the
frame memory 22, an adaptive offset filter 41 and an
adaptive loop filter 42 are provided.

[0045]

Specifically, the A/D converter 11 of the encoding
unit 2 performs an A/D conversion on a frame-based image
input as an input signal, and outputs and stores the
image into the screen rearrangement buffer 12. The
screen rearrangement buffer 12 rearranges the frames of
the image stored in displaying order, so that the frames
of the image are arranged in encoding order in accordance
with the GOP (Group of Pictures) structure, and outputs
the rearranged frame-based image to the arithmetic
operation unit 13, the intra prediction unit 24, and the
motion prediction/compensation unit 25.

[0046]

The arithmetic operation unit 13 calculates the
difference between a predicted image supplied from the
predicted image selection unit 26 and an encoding target
image output from the screen rearrangement buffer 12 to
perform encoding. Specifically, the arithmetic operation
unit 13 performs encoding by subtracting a predicted
image supplied from the predicted image selection unit 26
from an encoding target image output from the screen
rearrangement buffer 12. The arithmetic operation unit

13 outputs the resultant image, as residual error

13
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information to the orthogonal transform unit 14. When
any predicted image is not supplied from the predicted
image selection unit 26, the arithmetic operation unit 13
outputs an image read from the screen rearrangement
buffer 12 as the residual error information to the
orthogonal transform unit 14.

[0047]

The orthogonal transform unit 14 performs an
orthogonal transform on the residual error information
supplied from the arithmetic operation unit 13, and
supplies a coefficient obtained as a result of the
orthogonal transform to the gquantization unit 15.

[0048]

The quantization unit 15 quantizes the coefficient
supplied from the orthogonal transform unit 14. The
quantized coefficient is input to the lossless encoding
unit 16.

[0049]

The lossless encoding unit 16 obtains information
indicating an optimum intra prediction mode (hereinafter,
referred to as "intra prediction mode information") from
the intra prediction unit 24. Further, the lossless
encoding unit 16 obtains information indicating an
optimum inter prediction mode (hereinafter, referred to
as "inter prediction mode information"), a motion vector,
and information for specifying a reference image from the
motion prediction/compensation unit 25. Furthermore, the
lossless encoding unit 16 obtains a storage flag, an
index or an offset, and type information as offset filter
information from the adaptive offset filter 41, and

obtains a filter coefficient from the adaptive loop

14
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filter 42.
[0050]

The lossless encoding unit 16 performs lossless
encoding, such as variable-length encoding (CAVLC
(Context-Adaptive Variable Length Coding), for example)
or arithmetic encoding (CABAC (Context-Adaptive Binary
Arithmetic Coding), for example), on the quantized
coefficient supplied from the quantization unit 15.

[0051]

Further, the lossless encoding unit 16 performs
lossless encoding on intra prediction mode information or
inter prediction mode information, a motion vector,
information for specifying a reference image, offset
filter information and a filter coefficient as encoding
information related to encoding. The lossless encoding
unit 16 supplies and stores the encoding information and
the coefficient subjected to lossless encoding as encoded
data into the accumulation buffer 17. In addition, the
encoding information subjected to lossless encoding may
be header information of the coefficient subjected to
lossless encoding.

[0052]

The accumulation buffer 17 temporarily stores the
encoded data supplied from the lossless encoding unit 16.
Further, the accumulation buffer 17 supplies the stored
encoded data to the setting unit 3 in Fig. 3.

[0053]

Furthermore, the quantized coefficient which is
output from the quantization unit 15 is also input to the
inverse quantization unit 18, and after inversely

quantized, is supplied to the inverse orthogonal

15
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transform unit 19.
[0054]

The inverse orthogonal transform unit 19 performs
an inverse orthogonal transform on the coefficient
supplied from the inverse quantization unit 18, and
supplies the resultant residual error information to the
addition unit 20.

[0055]

The addition unit 20 adds the residual error
information supplied as the deccding target image from
the inverse orthogonal transform unit 19 and a predicted
image supplied from the predicted image selection unit 26,
and obtains a locally decoded image. In addition, if
there are no predicted images supplied from the predicted
image selection unit 26, the addition unit 20 sets the
residual error information supplied from the inverse
orthogonal transform unit 19 as a locally decoded image.
The addition unit 20 supplies the locally decoded image
to the deblocking filter 21, and supplies the locally
decoded image to the frame memory 22.

[0056]

The deblocking filter 21 performs filtering on the
locally decoded image supplied from the addition unit 20,
to remove block distortions. The deblocking filter 21
supplies the resultant image to the adaptive offset
filter 41.

[0057]

The adaptive offset filter 41 performs an adaptive
offset filtering (SAQO: Sample adaptive offset) operation
of mainly removing ringing from an image after the

adaptive deblocking filtering operation performed by the

16
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deblocking filter 21.
[0058]

More specifically, the adaptive offset filter 41
determines a type of the adaptive offset filtering
operation per LCU (Largest Coding Unit) which is the
largest coding unit, and calculates the offset used for
this adaptive offset filtering operation. The adaptive
offset filter 41 uses the calculated offset, and performs
an adaptive offset filtering operation on the determined
type from an image subjected to the adaptive deblocking
filtering operation. Further, the adaptive offset filter
41 supplies the image subjected to the adaptive offset
filtering operation, to the adaptive loop filter 42.
[0059]

Furthermore, the adaptive offset filter 41 has a
buffer which stores offsets. The adaptive offset filter
41 decides per LCU whether or not an offset used for an
adaptive deblocking filtering operation has already been
stored in the buffer.

[0060]

When determining that the offset used for the
adaptive deblocking filtering operation has already been
stored in the buffer, the adaptive offset filter 41 sets
a storage flag which indicates whether or not an offset
is stored in the buffer, to a value (1 in this case)
which indicates that the offset is stored in the buffer.
[0061]

Further, the adaptive offset filter 41 supplies per
LCU to the lossless encoding unit 16 the storage flag
which is set to 1, an index which indicates a storage

position of the offset in the buffer and type information

17
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which indicates the type of the performed adaptive offset
filtering operation.
[0062]

Meanwhile, when the offset used for the adaptive
deblocking filtering operation is not yet stored in the
buffer, the adaptive offset filter 41 sequentially stores
this offset in the buffer. Further, the adaptive offset
filter 41 sets the storage flag to a value (0 in this
case) which indicates that the offset is not stored in
the buffer. Furthermore, the adaptive offset filter 41
supplies per LCU to the lossless encoding unit 16 the
storage flag which is set to 0, the offset and type
information.

[0063]

The adaptive loop filter 42 performs an adaptive
loop filter (ALF: Adaptive Loop Filter) operation on the
image subjected to the adaptive offset filtering
operation supplied from the adaptive offset filter 41 per,
for example, LCU. For the adaptive loop filtering
operation, for example, an operation using, for example,
a two-dimensional wiener filter is used. It goes without
saying that a filter other than the wiener filter may be
used.

[0064]

More specifically, the adaptive loop filter 42
calculates per LCU a filter coefficient used for the
adaptive loop filtering operation such that a residual
error between an original image as an image output from
the screen rearrangement buffer 12 and an image after the
adaptive loop filtering operation minimize. Further, the

adaptive loop filter 42 performs per LCU the adaptive

18
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loop filtering operation on the image subjected to the
adaptive offset filtering operation using the calculated
filter coefficient.

[0065]

The adaptive loop filter 42 supplies the image
subjected to the adaptive loop filtering operation to the
frame memory 22. Further, the adaptive loop filter 42
supplies the filter coefficient to the lossless encoding
unit 16.

[0066]

In addition, although the adaptive loop filtering
operation is performed per LCU, processing units of the
adaptive loop filtering operation are not limited to the
LCU. Meanwhile, by integrating processing units of the
adaptive offset filter 41 and the adaptive loop filter 42,
it is possible to efficiently perform operations.

[0067]

The image stored in the frame memory 22 is then
output as a reference image to the intra prediction unit
24 or the motion prediction/compensation unit 25 through
the switch 23.

[0068]

The intra prediction unit 24 performs an intra
prediction operation of all candidate intra prediction
modes in tile and slice units using a reference image
which is read from the frame memory 22 through the switch
23 and is not filtered by the deblocking filter 21.
[0069]

Further, the intra prediction unit 24 calculates
cost function values (details of which will be described

below) of all candidate intra prediction modes based on

19
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the image read from the screen rearrangement buffer 12
and a predicted image generated as a result of the intra
prediction operation. Furthermore, the intra prediction
unit 24 then determines the intra prediction mode with
the smallest cost function value to be the optimum intra
prediction mode.

[{0070]

The intra prediction unit 24 supplies the predicted
image generated in the optimum intra prediction mode and
the corresponding cost function value to the predicted
image selection unit 26. When notified of selection of
the predicted image generated in the optimum intra
prediction mode by the predicted image selection unit 26,
the intra prediction unit 24 supplies the intra
prediction mode information to the lossless encoding unit
l6.

[0071]

It should be noted that a cost function value is
also called a RD (Rate Distortion) cost, and is
calculated by the technique of High Complexity mode or
Low Complexity mode, as specified in the JM (Joint Model),
which is the reference software in H.264/AVC, for example.
[00721

Specifically, where the High Complexity mode is
used as a method of calculating cost function values,
operations ending with the lossless encoding are
provisionally carried out on all candidate prediction
modes, and a cost function value expressed by the
following equation (1) is calculated for each of the
prediction modes.

[0073]

20
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Cost(Mode) = D + AR e (1)
[0074]

D represents the difference (distortion) between

the original image and the decoded image, R represents

the bit generation rate including the orthogonal
transform coefficient, and A represents the Lagrange
multiplier given as the function of a quantization
parameter QP.

[0075]

Where the Low Complexity mode is used as the method
of calculating cost function values, on the other hand,
decoded images are generated, and header bits such as
information indicating a prediction mode are calculated
in all the candidate prediction modes. A cost function
value expressed by the following equation (2) is then
calculated for each of the prediction modes.

[0076]

Cost (Mode) = D + QPtoQuant (QP)-Header Bit
(2)

[0077]

D represents the difference (distortion) between
the original image and the decoded image, Header Bit
represents the header bit corresponding to the prediction
mode, and QPtoQuant is the function given as the function
of the guantization parameter QFP.

[0078]

In the Low Complexity mode, decoded images are
simply generated in all the prediction modes, and there
is no need to perform lossless encoding. Accordingly,
the amount of calculation is small.

[0079]
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The motion prediction/compensation unit 25 performs
the motion prediction/compensation operation in all
candidate inter prediction modes in tile and slice units.
More specifically, the motion prediction/compensation
unit 25 detects motion vectors of all candidate inter
prediction modes in tile and slice units based on the
image supplied from the screen rearrangement buffer 12
and the filtered reference image read from the frame
memory 22 through the switch 23. Further, the motion
prediction/compensation unit 25 performs a compensation
operation on the reference image based on this motion
vector in the tile and slice units, and generates a
predicted image.

[0080]

In this case, the motion prediction/compensation
unit 25 calculates cost function values for all candidate
inter prediction modes based on the image and the
predicted image supplied from the screen rearrangement
buffer 12, and determines the inter prediction mode of
the smallest cost function value as the optimum inter
prediction mode. Further, the motion
prediction/compensation unit 25 supplies the cost
function value of the optimum inter prediction mode and
the corresponding predicted image to the predicted image
selection unit 26. When notified of selection of the
predicted image generated in the optimum inter prediction
mode by the predicted image selection unit 26, the motion
prediction/compensation unit 25 outputs the inter
prediction mode information, the corresponding motion
vector, and the information for specifying the reference

image to the lossless encoding unit 16.
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[0081]

The predicted image selection unit 26 determines a
prediction mode of a smaller cost function value of the
optimum intra prediction mode and the optimum inter
prediction mode as the optimum prediction mode based on
the cost function values supplied from the intra
prediction unit 24 and the motion prediction/compensation
unit 25. Further, the predicted image selection unit 26
then supplies the predicted image in the optimum
prediction mode to the arithmetic operation unit 13 and
the addition unit 20. The predicted image selection unit
26 also notifies the intra prediction unit 24 or the
motion prediction/compensation unit 25 of the selection
of the predicted image in the optimum prediction mode.
[0082]

Based on the encoded data stored in the
accumulation buffer 17, the rate control unit 27 controls
the guantization operation rate of the quantization unit
15 so as not to cause an overflow or underflow.

[0083]
[Example of Characteristics Information of a Dynamic
Range]

Next, characteristics information of a dynamic
range set by the setting unit 3 in Fig. 3 will be
described with reference to Fig. 5. In addition, values
on the vertical axis and the horizontal axis in Fig. 5
are exemplary, and are not limited to these values.
[0084]

In the example in Fig. 5, the horizontal axis
represents a white level of a captured image. The

vertical axis represents a digital code assigned to a
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developed image. The developed image is an image the
gradation of which is represented by the number of bits.
[0085]

800% on the horizontal axis 1s a value of camera
sensitivity and optimum exposure (at the time of image
capturing and at the time of development), and maximum
luminance at the time of image capturing. This value is
set and transmitted as camera_iso_sensitivity and
max_ image white level which are ones of characteristics
information of the dynamic range.

[0086]

In addition, although values of camera sensitivity
and optimum exposure and the maximum luminance at the
time of image capturing are the same value in this
example, these values are different in some cases.

[(0087]

A value (940) on the vertical axis corresponding to
this maximum white level is a digital value of the
maximum white level which is assigned to a developed
image, and this value is set and transmitted to a
decoding side as max_white_level code_value which is one
of characteristics information of the dynamic range.
[0088]

100% on the horizontal axis is a reference value
(white level) of a display. A value on the vertical axis
corresponding to this white level is a digital value of
the white level (white 100%) which is assigned to a
developed image, and this value is set and transmitted to
a decoding side as white level code value which is one of
characteristics information of the dynamic range.

[0089]
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20% on the horizontal axis is a level (gray level)
which is generally used as reference exposure which
indicates Gray and in many cases 1s set to the camera
side. A value on the vertical axis corresponding to this
gray level is a digital value of the gray level (white
20%) which is assigned to a developed image, and this
value is set and transmitted to a decoding side as
gray level code value which is one of characteristics
information of the dynamic range.

[0090]

0% on the horizontal axis is a black level. A
value (64) on the vertical axis corresponding to this
black level is a digital value of the black level (white
0%) which is assigned to a developed image, and this
value is set and transmitted to a decoding side as
black level code value which is one of characteristics
information of the dynamic range.

[0091]

As described above, code information which
indicates a code of the dynamic range to be assigned to a
developed image is set to a captured image as
characteristics information of the dynamic range and is
transmitted to the decoding side. That is, the
characteristics information of the dynamic range which
indicates characteristics information of the dynamic
range to be assigned to a developed image is set to a
captured image and is transmitted to the decoding side.
[0092]

This characteristics information of the dynamic
range is indicated by a content creating side and is

transmitted to a display side (decoding side) as
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information which indicates quality of content
(information which indicates high quality of information
of an image related to a white level indicating that, for
example, a dynamic range is wider than that of existing
content and information which indicates a high potential
of content).

[0093]

The content creating side has a motivation to
provide (a state of) an image intended by a creator. The
display side performs an operation of widening
(increasing) or narrowing (decreasing) the dynamic range
based on this information. Further, by referring to this
information, the display side can accurately perform the
following operation.

[0094]

When, for example, receiving an input of an image
of a higher dynamic range than display capability of the
display side, the display side can perform an operation
of decreasing the range using, for example, tone mapping
according to the display capability of the display side.
[0095]

Conversely, when receiving an input of an image of
a lower dynamic range than display capability of the
display side, the display side can perform an operation
of increasing the range using, for example, tone mapping
according to the display capability of the display side.
[0096]

Although, when this information is not provided,
the display side needs to analyze a decoded image and
perform tone mapping, by transmitting characteristics

information of the dynamic range, it is not necessary to
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analyze a decoded image and accurately adjust the dynamic
range.
[0097]

In addition, as illustrated in Fig. 6, in addition
to white level code value, it is possible to set and
transmit a plurality of white level code value between
black level code value and max white level code value.
[0098]

Fig. 6 illustrates an example that
white level code value_ 0 through white_level code_value 4
are set between 0% and 800% as a white level of a
captured image and are transmitted.

[0099]

Further, although an example has been described in
the above description where max white level code value,
white level code_value and black _level code_value are set
as values, max white level code_value,
white level code_value and black_level code_value may be
set and transmitted as ranges.

[0100]

Fig. 7 is a view illustrating an example of
characteristics information of a dynamic range.
(0101]

The characteristics information of the dynamic
range includes camera iso sensitivity,
output_exposure_index, screen_lw, black_level code_value,
gray level code value, white_level code_value and
max white level code value.

[0102]
As described above with reference to Fig. 5,

camera_ iso sensitivity is indicated by camera sensitivity
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at the time of capturing of an image.

output exposure index indicates an exposure index (that
is, an exposure index at the time of development) set to
be used in process of developing an image. ref screen 1w
indicates reference display luminance of a white level
set to be used in process of developing an image.

[0103]

As described with reference to Fig. 5,
black level code_value, gray_level code value,
white level code_value and max_white level code_value
indicate code data of luminance to which a black level, a
white level, a gray level and a maximum white level are
assigned.

[0104]

That is, the characteristics information of the
dynamic range desirably include maximum luminance (of a
captured image) at the time of image capturing, an
optimal exposure value at the time of image capturing, an
optimal exposure value (of a developed image) at the time
of development, a digital value to which a maximum white
level after development is assigned, a digital value to
which a white level (white 100%) after development is
assigned, a digital value to which a gray level after
development is assigned, a digital value to which a black
level after development i1s assigned and a digital value
between white 100% and maximum white 0% after development.
[0105]

These pieces of characteristics information of the
dynamic range are transmitted to the decoding side
according to one of transmitting methods 1 through 4

described below.
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{0106]

First, an example of transmitting characteristics
information of a dynamic range by extending existing SEI
(Supplemental enhancement information) will be described
as the transmitting method 1 with reference to Fig. 8.
Fig. 8 is a view illustrating an example of tone mapping
SEI (tone mapping information SEI). SEI is auxiliary
information used to display an image obtained by
performing a decoding operation on an encoded stream.
[0107]

As indicated in a frame in Fig. 8, the above
characteristics information of the dynamic range is set
to tone mapping SEI and transmitted by extending model ID
(model id) = 4 in tone mapping SEI.

[0108]

In addition, in the frame, camera_iso_sensitivity
and output exposure index which are not hatched are
existing information {related art) as setting parameters
of the camera. Meanwhile, including these pieces of
information in an encoded bit stream and transmitting the
encoded bit stream, or using these pieces of information
and adjusting a dynamic range are different from related
art.

(0109]

On the other hand, in the frame, ref screen 1w,
max_image white level, black_level code_value,
white level code value and max_white_level code value
which are hatched are newly set by parameters, and are
different from related art.

[0110]

Meanwhile, although different components are used
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per RGB in the past tone mapping SEI, characteristics
information of a dynamic range sets a luminance component
of a decoded image as an application target.

[0111]

Further, TBD is To BE Determined Value, and
represents a value set in advance or a parameter set when
content 1is created.

(0112]

Fig. 9 is a view illustrating another example of
tone mapping SEI.
[0113]

Also in an example in Fig. 9, as indicated in the
frame, the above characteristics information of the
dynamic range is set to tone mapping SEI and transmitted
by extending model ID (model id) = 4 in tone mapping SEI.
[0114]

camera iso sensitivity idc indicates a code which
indicates sensitivity obtained by the camera. The
meaning of this code is indicated in a table in Fig. 10
described below. When camera iso_sensitivity idc refers
to Extended ISO, camera_iso_sensitivity in a next row
represents ISO numner. That is, by setting
camera_iso_sensitivity idc as Extended ISO, it is
possible to set camera iso sensitivity_idc to a desirable
value.

[0115]

exposure index_idc indicates a code which indicates
an exposure index at the time of image capturing. The
meaning of this code is indicated in a table in Fig. 10
described below. When exposure index _idc refers to

Extended ISO, exposure_index_rating in a next row
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represents ISO numner. That is, by setting

exposure index idc as Extended IS0, it is possible to set
exposure index idc to a desirable value.

[011l6]

sign_image exposure value indicates a relative code
of exposure at the time of development with respect to an
exposure value at the time of image capturing.
image expoure_valuel indicafes a numerator value of the
relative value of exposure at the time of development
with respect to the exposure value at the time of image
capturing. image expoure valuel indicates a dominator
value of relative values of exposure at the time of
development with respect to the exposure value at the
time of image capturing.

[0117]

That is, by indicating relative values of how much
exposure values decrease using sign_image_exposure_value,
image expoure value0 and image_expoure_valuel at the time
of development compared to the time of image capturing,
it is possible to derive an exposure value
(output exposure index in Fig. 8) at the time of
development. By this means, the exposure value at the
time of development can be represented as a decimal
number.

(0118]

ref screen lw is content created assuming at what
cd/m2 (candela) the content is displayed by white, and
indicates that the content needs to be displayed by this
white.

[0119]

max_image white level indicates a dynamic range of
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luminance of an image which is displayed as a percentage
of an integer with reference to a reference white level.
[0120]

Similar to the example in Fig. 8,
black level code value, white level code value and
max_white level code value indicate code data of
luminance to which a black level, a white level and a
maximum white level are assigned.

[0121]

In addition, similar to the example in Fig. 8, also
in the example in Fig. 9, in the frame,
camera_ iso sensitivity, exposure_index_idc,
sign image_exposure, image_expoure_value(0 and
image expoure valuel which are not hatched are existing
information (related art) as camera setting parameters.
Including these pieces of information in an enccded bit
stream and transmitting the encoded bit stream, or using
these pieces of information and adjusting a dynamic range
are different from related art.

[0122] _

On the other hand, in the frame, ref screen 1lw,
max_image white level, bladk_level_code_value,
white level code value and max_white level code_value
which are hatched are newly set by parameters, and are
different from related art.

[0123]

Fig. 10 is a view illustrating a table of meanings
of indicators indicated by camera sensitivity and
indicators indicated by an exposure index.

[0124]

When, for example, an indicator is 0, ISO number is
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not particularly indicated. When the indicator is 1, 10
is indicated as ISO number. When indicators are 2
through 30, ISO numbers are indicated although not
illustrated.

[0125]

When indicators are 31 through 254, ISd numbers are
reserved. When the indicator is 255, Extended ISO is
indicated as ISO number. When ISO number is Extended ISO,
both of camera iso sensitivity_ idc and exposure_index_idc
can indicate desired values as described above with
reference to Fig. 9.

[0126]

Next, a method of setting new (dedicated) SEI and
transmitting characteristics information of a dynamic
range will be described as the transmitting method 2 with
reference to Fig. 11. Fig. 11 is a view illustrating an
example of a luminance dynamic range SEI
(luminance dynamic_range information SEI).

[0127]

That is, luminance dynamic range SEIT
(luminance_dynamic_range_info) is newly set as
illustrated in Fig. 11. Further, as illustrated in a
frame in Fig. 11, the above characteristics information
of the dynamic range is set to this luminance dynamic
range SEI and is transmitted. In addition,‘dynamic range
characteristics information in the frame in Fig. 11 is
basically the same as the dynamic range characteristics
information described above with reference to Fig. 8, and
will not be repeatedly described.

[0128]

Further, the transmitting method 3 1s a method of
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transmitting dynamic range characteristics information by
associating the above transmitting methods 1 and 2 and
VUI (Video Usability Information) parameters. VUI is
information which indicates usability of an image in
sequence units.

[0129]

Fig. 12 is a view illustrating an example of a VUI
syntax upon association with the transmitting method 1.
In an example in Fig. 12, tone mapping flag (tone mapping
flag) is a flag which indicates presence/absence
information indicating whether or not there is tone
mapping SEI. 1 indicates the tone mapping flag indicates
that there is tone mapping SEI, and 0 indicates that
there is not tone mapping SEI.

[0130]

Fig. 13 is a view illustrating an example of a VUI
syntax upon association with the transmitting method 2.
In the example in Fig. 13, luminance dynamic_range_flag
(luminance dynamic range flag) is a flag which indicates
presence/absence information which indicates whether or
not there is luminance dynamic range SEI. 1 indicates
that luminance dynamic range flag indicates that there is
luminance dynamic range SEI, and 0 indicates that there
is not luminance dynamic range SEI.

[0131]

Finally, the transmitting method 4 may transmit
dynamic range characteristics information as the above
VUI parameter. That is, in this case, instead of the
flag illustrated in Fig. 12 or 13 (or in addition to a
flag), the dynamic range characteristics information

itself is transmitted as the VUI parameter.
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[0132]

Meanwhile, when the dynamic range characteristics
information is included in SEI, the dynamic range
characteristics information is applicable not only to the
HEVC technique but also to the AVC technique. Meanwhile,
VUI includes lots of values used on the display side, so
that it is possible to combine information when dynamic
range characteristics information is included in VUI.
[0133]

Fig. 14 is a view illustrating an example of a VUI
syntax in case of the transmitting method 4.

[0134]

In the VUI syntax in Fig. 14, at the top of the
frame, tone mapping flag (tone mapping flag) in Fig. 12
is described, and the tone mapping flag is 1 when dynamic
range characteristics information is described
immediately (the dynamic range characteristics
information may not be described immediately as long as
it is included in VUI) and is 0 when the dynamic range
characteristics information is not described.

[0135]

Hence, when the tone mapping flag is 1, the
decoding side refers to dynamic range characteristics
information illustrated in the frame in Fig. 14.

[0136]

In addition, dynamic range characteristics
information illustrated in Fig. 14 is the same as the
dynamic range characteristics information described above
with reference to Fig. 9, and will not be repeatedly
described.

[0137]
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Fig. 15 is a view illustrating an example of
dynamic range characteristics information. In addition,
dynamic range characteristics information is information
described in tone mapping SEI, luminance dynamic range
SEI or VUI as described above, and, in the example in Fig.
15, "xxxxx ()" is described at a head of a syntax so as
not to specify a description position.

{0138]

That information which represents a range of
luminance of a region of interest and/or a position and
an offset of the region of interest is added below
max white level code_value in the dynamic range
characteristics information in Fig. 15 is different from
the dynamic range characteristics information in Fig. 9.
[0139]

That is, roi luminance_range flag is a flag which
indicates whether or not information which represents a
range of luminance of a region of interest and/or the
position and the offset of the region of interest are
described.

[0140]

When the value of roi luminance range flag is 1,
min roi luminance range, max roi_luminance_range,
roi region x, roi region_y, roi_region_x_offset and
roi region_y offset are indicated in a portion filled
with black.

[0141]

min roi luminance range indicates a minimum value
of a luminance range of a region of interest.
max_roi luminance range indicates a maximum value of the

luminance range of the region of interest. roi region x
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and roi region_y indicate an upper left x coordinate and
y coordinate in the region of interest, respectively.
[0142]

roi region_x offset and roi_region_y offset
represent values of offset from upper left roi region x
and roi region y. By this means, it is possible to
indicate the region of interest from roi_region_x and
roi region_y.

[0143]

As described above, the luminance range of the
region of interest and (or) a position and an offset of
the region of interest are included in dynamic range
characteristics information, so that it is possible to
notify to the decoding side that tone mapping matching
the region of interest needs to be performed.

[0144]

In addition, instead of the luminance range of the
region of interest, a black emphasis flag which puts an
emphasis on a low luminance range as in, for example,
movie content or a white emphasis flag which puts an
emphasis on a high luminance range as in television
content may be added.

[0145]

Although the resolution which can be represented by
a display is low in the past, and therefore a content
creator does not need to include white equal to or more
than 100%, displays which can reproduce higher
resolutions are recently coming out.

[01l46]
Hence, as described above, white equal to or more

than 100% is provided to a video image which has only
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100% white, and, display capability varies and
information which converts the video image into a video
image matching a display is provided in this display.
[0147]

By this means, the display side can accurately
reproduce the dynamic range.

[0148]
[Description of an Operation of the Encoding Device]

Fig. 16 is a flowchart for explaining a generating
operation of the encoding device 1 in Fig. 3. 1In
addition, in the example in Fig. 16, the above example of
the transmitting method 3 will be described.

[0149]

In step S1 in Fig. 16, the encoding unit 2 of the
encoding device 1 performs an encoding operation of
encoding an image such as a frame-based captured image
input as an input signal from an outside according to the
HEVC technique. This encoding operation will be
described later in detail with reference to Figs. 17 and
18. ‘

[0150]

In step S2, the setting unit 3 sets SPS. In step
83, the setting unit 3 sets PPS. In step S4, the setting
unit 3 decides whether or not an encoding target image is
a HDR (High Dynamic Range) image, based on, for example,
a user's operation of an input unit which is not
illustrated. In addition, an image which includes the
above characteristics information of the dynamic range
will be referred to a "HDR image" below.

[0151]

When it is determined in step 34 that the encoding
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target image is a HDR image, the setting unit 3 sets VUI
including 1 as a HDR image flag in step S5. In step 36,
the setting unit 3 sets SEI such as HDR image SEI, and
moves the operation on to step S8.

[0152]

Meanwhile, the HDR image flag is tone mapping flag
described above with reference to Fig. 12 ox
luminance dynamic_range flag described above with
reference to Fig. 13. Further, HDR image SEI 1is tone
mapping SEI described above with reference to Fig. 8 or
luminance dynamic range SEI described above with
reference to Fig. 11.

[0153]

Meanwhile, when it is determined in step S4 that
the encoding target image is not a HDR image, the setting
unit 3 sets VUI including 0 as a HDR image flag in Step
S7. PFurther, if necessary, the setting unit 3 sets SEI
other than HDR image SEI, and moves the operation on to
step S8.

[0154]

In step 88, the setting unit 3 generates an encoded
stream from the set SPS, PPS, VUI and SEI and the encoded
data supplied from the encoding unit 2. The setting unit
3 supplies the encoded stream to the transmitting unit 4.
[0155]

In step S9, the transmitting unit 4 transmits the
encoded stream supplied from the setting unit 3, to a
decoding device described below, and finishes the
operation.

[0156]

Figs. 17 and 18 are flowcharts for explaining
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details of the encoding operation in step S1 in Fig. 16.
[0157]

In step S11 of Fig. 17, the A/D converter 11 of the
encoding unit 2 performs an A/D conversion on a frame-
based image input as an input signal, and outputs and
stores the image into the screen rearrangement buffer 12.
[0158]

In step S12, the screen rearrangement buffer 12
rearranges the frames of the image stored in displaying
order, so that the frames of the image are arranged in
encoding order in accordance with the GOP (Group of
Pictures) structure. The screen rearrangement buffer 12
supplies the rearranged frame-based image to the
arithmetic operation unit 13, the intra prediction unit
24, and the motion prediction/compensation unit 25. It
should be noted that the operations of steps S13 through
531 described below are carried out in CU (Coding Unit)
units for example.

[0159]

In step S13, the intra prediction unit 24 performs
an intra prediction operation in all candidate intra
prediction modes. Further, the intra prediction unit 24
calculates cost function values of all candidate intra
prediction modes based on the image read from the screen
rearrangement buffer 12 and a predicted image generated
as a result of the intra prediction operation.
Furthermore, the intra prediction unit 24 then determines
the intra prediction mode with the smallest cost function
value to be the optimum intra prediction mode. The intra
prediction unit 24 supplies the predicted image generated

in the optimum intra prediction mode and the
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corresponding cost function value to the predicted image
selection unit 26.
[0160]

Further, the motion prediction/compensation unit 25
performs the motion prediction/compensation operation in
all candidate inter prediction modes. Furthermore, the
motion prediction/compensation unit 25 calculates cost
function values for all candidate inter prediction modes
based on the image and the predicted image supplied from
the screen rearrangement buffer 12, and determines the
inter prediction mode of the smallest cost function value
as the optimum inter prediction mode. Still further, the
motion prediction/compensation unit 25 supplies the cost
function value of the optimum inter prediction mode and
the corresponding predicted image to the predicted image
selection unit 26.

{0161]

In step S14, the predicted image selection unit 26
determines a prediction mode of a smaller cost function
value of the optimum intra prediction mode and the
optimum inter prediction mode as the optimum prediction
mode based on the cost function values supplied from the
intra prediction unit 24 and the motion
prediction/compensation unit 25 according to the
operation in step S13. Further, the predicted image
selection unit 26 then supplies the predicted image in
the optimum prediction mode to the arithmetic operation
unit 13 and the addition unit 20.

[0162]
In step S15, the predicted image selection unit 26

determines whether the optimum prediction mode is the
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optimum inter prediction mode. When it is determined in

step S15 that the optimum prediction mode is the optimum

inter prediction mode, the predicted image selection unit
26 notifies the motion prediction/compensation unit 25 of
selection of the predicted image generated in the optimum
inter prediction mode.

[0163]

Further, in step S16, the motion
prediction/compensation unit 25 supplies the inter
prediction mode information, the corresponding motion
vector and information for specifying the reference image,
to the lossless encoding unit 16. Furthermore, the
operation then moves on to step S18.

[0164]

Meanwhile, when it is determined in step S15 that
the optimum prediction mode is not the optimum inter
prediction mode, that is, when the optimum prediction
mode is the optimum intra prediction mede, the predicted
image selection unit 26 notifies the intra prediction
unit 24 of selection of the predicted image generated in
the optimum intra prediction mode.

[0165]

Further, in step S17, the intra prediction unit 24
supplies the intra prediction mode information to the
lossless encoding unit 16. Furthermore, the operation
then moves on to step S18.

[0166]

In step S18, the arithmetic operation unit 13
performs encoding by subtracting a predicted image
supplied from the predicted image selection unit 26 from

an image supplied from the screen rearrangement buffer 12,
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The arithmetic operation unit 13 outputs the resultant
image, as residual error information to the orthogonal
transform unit 14.

[0167]

In step S19, the orthogonal transform unit 14
performs an orthogonal transform on the residual error
information supplied from the arithmetic operation unit
13, and supplies the resultant coefficient to the
quantization unit 15.

[0168]

In step 520, the quantization unit 15 quantizes the
coefficient supplied from the orthogonal transform unit
14. The quantized coefficient is input to the lossless
encoding unit 16 and the inverse quantization unit 18.
[0169]

In step S21, the inverse quantization unit 18
inversely quantizes the quantized coefficient supplied
from the quantization unit 15.

[0170]

In step S22, the inverse orthogonal transform unit
19 performs an inverse orthogonal transform on the
coefficient supplied from the inverse quantization unit
18, and supplies the resultant residual error information
to the addition unit 20.

{0171}

In step $S23, the addition unit 20 adds the residual
error information supplied from the inverse orthogonal
transform unit 19 to the predicted image supplied from
the predicted image selection unit 26, and obtains a
locally decoded image. The addition unit 20 supplies the

resultant image to the deblocking filter 21, and to the
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frame memory 22.
[0172]

In step S24, the deblocking filter 21 performs a
deblocking filtering operation on the locally decoded
image supplied from the addition unit 20. The deblocking
filter 21 supplies the resultant image to the adaptive
offset filter 41.

[0173]

In step S25, the adaptive offset filter 41 performs
an adaptive offset filtering operation on the image
supplied from the deblocking filter 21 per LCU. The
adaptive offset filter 41 supplies the resultant image to
the adaptive loop filter 42. Further, the adaptive
offset filter 41 supplies per LCU to the lossless
encoding unit 16 the storage flag, the index or the
offset and type information.

[0174]

In step 826, the adaptive loop filter 42 performs
an adaptive loop filtering operation on the image
supplied from the adaptive offset filter 41 per LCU. The
adaptive loop filter 42 supplies the resultant image to
the frame memory 22. Further, the adaptive loop filter
42 supplies the filter coefficient used in the adaptive
loop filtering operation, to the lossless encoding unit
16.

[0175]

In step S27, the frame memory 22 stores images
before and after filtering. More specifically, the frame
memory 22 stores images supplied from the addition unit
20 and images supplied from the adaptive loop filter 42.

The image stored in the frame memory 22 is then output as
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a reference image to the intra prediction unit 24 or the
motion prediction/compensation unit 25 through the switch
23.

[(0176]

In step 828, the lossless encoding unit 16 performs
lossless encoding on intra prediction mode information or
inter prediction mode information, a motion vector,
information for specifying a reference image, offset
filter information and a filter coefficient as encoding
information.

[0177]

Iﬁ step S29, the lossless encoding unit 16 performs
lossless encoding on the quantized coefficient supplied
from the quantization unit 15. Further, the lossless
encoding unit 16 generates encoded data from the encoding
information subjected to lossless encoding and the
coefficient subjected to the lossless encoding in the
operation in step S28.

[0178]

In step S30, the lossless encoding unit 16 supplies
and stores encoded data into the accumulation buffer 17.
{0179]

In step S31, the accumulation buffer 17 outputs the
stored encoded data to the setting unit 3 in Fig. 3.
Further, the operation returns to step 31 in Fig. 16, and
then moves on to step S2.

[0180]

In addition, although the intra prediction
operation and the motion prediction/compensation
operation are performed at all times in the encoding

operation in Figs. 17 and 18 for ease of description,
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only one of the intra prediction operation and the motion
prediction/compensation operation is actually performed
depending on, for example, a picture type.

[0181]

As described above, the encoding device 1 sets HDR
image SEI (tone mapping SEI or luminance dynamic range
SEI) and a HDR image flag (tone mapping flag or
luminance dynamic_range flag), and transmits an HDR image
together with the encoded data.

(0182}

Consequently, the decoding device which decodes and
displays an encoded stream of the HDR image can reliably
reproduce and display the dynamic range of the HDR image
preferentially using HDR image SEI when the HDR image
flag is 1. Consequently, when decoding and displaying an
encoded stream of a HDR image, the encoding device 1 can
generate the encoded stream of the HDR image such that
the dynamic range of the HDR image can be reliably
reproduced and displayed.

[0183]
[Example Structure of a First Embodiment of a Decoding
Device]

Fig. 19 is a block diagram illustrating an example
structure of a first embodiment of a decoding device as
an image processing device to which the present technique
is applied and which decodes an encoded stream
transmitted from the encoding device 1 in Fig. 3.

[0184]

A decoding device 50 in Fig. 19 has a receiving

unit 51, a demultiplexing unit 52, a decoding unit 53, an

image adjusting unit 54, a display control unit 55 and a
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display unit 56.
[0185]

The receiving unit 51 of the decoding device 50
receives the encoded stream transmitted from the encoding
device 1 in Fig. 3, and supplies the encoded stream to
the demultiplexing unit 52. The demultiplexing unit 52
demultiplexes, for example, SPS, PPS, VUI, SEI and
encoded data from the encoded stream supplied from the
receiving unit 51. The demultiplexing unit 52 supplies
the encoded data to the decoding unit 53. Further, the
demultiplexing unit 52 supplies SPS, PPS, VUI and SEI,
too, to the decoding unit 53 and the image adjusting unit
54 if necessary.

[0186]

The decoding unit 53 refers to, for example, SPS,
PPS, VUI and SEI supplied from the demultiplexing unit 52
if necessary, and decodes the encoded data supplied from
the demultiplexing unit 52 according to the HEVC
technique. The decoding unit 53 supplies the image such
as a HDR image obtained as a result of decoding to the
image adijusting unit 54 as an output signal.

[0187]

The image adjusting unit 54 adjusts a dynamic range
of the HDR image supplied as the output signal from the
decoding unit 53 based on, for example, SPS, PPS, VUI and
SEI supplied from the demultiplexing unit 52 if necessary.
For example, the image adjusting unit 54 adjusts the
dynamic range of the image according to the display
dynamic range. Further, the image adjusting unit 54
supplies the HDR image as the output signal to the

display control unit 55.
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[0188]

The display control unit 55 generates a display
image based on the HDR image supplied from the image
adjusting unit 54 (a display method notified from the
display unit 56 if necessary). The display control unit
55 displays the generated display image by supplying the
display image to the display unit 56.

{0189]

The display unit 56 displays the display image
supplied from the display control unit 55. Further, the
display unit 56 notifies a display method set in advance
or a display method set in advance and specified by the
user, to the display control unit 55.

[0190]
[Example Structure of a Decoding Unit]

Fig. 20 is a block diagram illustrating an example
structure of the decoding unit 53 in Fig. 109.
f0191]

The decoding unit 53 in Fig. 20 includes an
accumulation buffer 101, a lossless decoding unit 102, an
inverse quantization unit 103, an inverse orthogonal
transform unit 104, an addition unit 105, a deblocking
filter 106, a screen rearrangement buffer 107, a D/A
converter 108, a frame memory 109, a switch 110, an intra
prediction unit 111, a motion compensation unit 112, and
a switch 113.

[0192]

Further, between the deblocking filter 106, the
screen rearrangement buffer 107 and the frame memory 109,
an adaptive offset filter 141 and an adaptive loop filter

142 are provided.
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[0193]

The accumulation buffer 101 of the decoding unit 53
receives and stores the encoded data from the
demultiplexing unit 52 in Fig. 19. The accumulation
buffer 101 supplies the stored encoded data to the
lossless decoding unit 102.

[0194)

The lossless decoding unit 102 obtains a quantized
coefficient and encoding information by performing
lossless decoding such as variable-length decoding or
arithmetic decoding on the encoded data from the
accumulation buffer 101. The lossless decoding unit 102
supplies the quantized coefficient to the inverse
quantization unit 103. Further, the lossless decoding
unit 102 supplies intra prediction mode information as
the encoding information to the intra prediction unit 111,
and supplies the motion vector, information for
specifying a reference image and inter prediction mode
information to the motion compensation unit 112.
Furthermore, the lossless decoding unit 102 supplies the
intra prediction mode information or the inter prediction
mode information as the encoding information to the
switch 113.

[0195]

The lossless decoding unit 102 supplies the offset
filter information as the encoding information to the
adaptive offset filter 141, and supplies the filter
coefficient to the adaptive loop filter 142.

[019¢6]
The inverse quantization unit 103, the inverse

orthogonal transform unit 104, the addition unit 105, the
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deblocking filter 106, the frame memory 109, the switch
110, the intra prediction unit 111 and the motion
compensation unit 112 perform the same operations as the
inverse quantization unit 18, the inverse orthogonal
transform unit 19, the addition unit 20, the deblocking
filter 21, the frame memory 22, the switch 23, the intra
prediction unit 24, and the motion
prediction/compensation unit 25 in Fig. 4, so as to
decode images.

[0197]

Specifically, the inverse quantization unit 103
inversely quantizes the quantized coefficient from the
lossless decoding unit 102, and supplies the resultant
coefficient to the inverse orthogonal transform unit 104.
[0198]

The inverse orthogonal transform unit 104 performs
an inverse orthogonal transform on the coefficient from
the inverse quantization unit 103, and supplies the
resultant residual error information to the addition unit
105.

[0199]

The addition unit 105 adds the residual error
information as a decoding target image supplied from the
inverse orthogonal transform unit 104 to the predicted
image supplied from the switch 113 to decode. The
addition unit 105 supplies the image obtained as a result
of decoding to the deblocking filter 106, and also
supplies the image to the frame memory 109. In addition,
where there are no predicted images supplied from the
switch 113, the addition unit 105 supplies an image which

is the residual error information supplied from the
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inverse orthogonal transform unit 104 as the image
obtained as a result of decoding, to the deblocking
filter 106, and also supplies and stores the image into
the frame memory 109.

[0200]

The deblocking filter 106 performs filtering on the
image supplied from the addition unit 105, to remove
block distortions. The deblocking filter 106 supplies
the resultant image to the adaptive offset filter 141.
[0201]

The adaptive offset filter 141 has a buffer which
sequentially stores offsets supplied from the lossless
decoding unit 102. Further, the adaptive offset filter
141 performs per LCU an adaptive offset filtering
operation on the image subjected to the adaptive
deblocking filtering operation performed by the
deblocking filter 106, based on the offset filter
information supplied from the lossless decoding unit 102.
[0202]

More specifically, if the storage flag included in
offset filter information is 0, the adaptive offset
filter 141 performs an adaptive offset filtering
operation of a type indicated by type information on an
image subjected to the deblocking filtering operation in
LCU units by using the offset included in this offset
filter information.

[0203]

Meanwhile, if the storage flag is 1 included in
offset filter information, the adaptive offset filter 141
reads from the image subjected to the deblocking

filtering operation in LCU units an offset stored at a
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position indicated by an index included in this offset
filter information. Further, the adaptive offset filter
141 performs the adaptive offset filtering operation of
the type indicated by type information using the read
offset. The adaptive offset filter 141 supplies the
image subjected to the adaptive offset filtering
operation, to the adaptive loop filter 142.

[0204]

The adaptive loop filter 142 performs an adaptive
loop filtering operation on the image supplied from the
adaptive offset filter 141 per LCU using a filter
coefficient supplied from the lossless decoding unit 102.
The adaptive loop filter 142 supplies the resultant image
to the frame memory 109 and the screen rearrangement
buffer 107.

{0205]

The image stored in the frame memory 109 is read as
a reference image through the switch 110, and is supplied
to the motion compensation unit 112 or the intra
prediction unit 111.

[0206]

The screen rearrangement buffer 107 stores the
image supplied from the deblocking filter 106 by the
frame. The screen rearrangement buffer 107 rearranges
the frames of the stored image in the original displaying
order, instead of in the encoding order, and supplies the
rearranged image to the D/A converter 108.

[0207]

The D/A converter 108 performs a D/A conversion on

the frame-based image supplied from the screen

rearrangement buffer 107, and outputs the image as an
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output signal to the image adjusting unit 54 in Fig. 19.
[0208]

The intra prediction unit 111 performs in tile and
slice units an intra prediction operation in the intra
prediction mode indicated by intra prediction mode
information supplied from the lossless decoding unit 102
using a reference image which is read from the frame
memory 109 through the switch 110 and is not filtered by
the deblocking filter 106. The intra prediction unit 111
supplies the resultant predicted image to the switch 113.
[0209]

The motion compensation unit 112 reads the
reference image which is filtered by the deblocking
filter 106, from the frame memory 109 through the switch
110 in the tile and slice units based on information for
specifying the reference image supplied from the lossless
decoding unit 102. The motion compensation unit 112
performs a motion compensating operation in the optimum
inter prediction mode indicated by inter prediction mode
information using the motion vector and the reference
image. The motion compensation unit 112 supplies the
resultant predicted image to the switch 113.

[0210]

When the intra prediction mode information is
supplied from the lossless decoding unit 102, the switch
113 supplies the predicted image supplied from the intra
prediction unit 111 to the addition unit 105. Meanwhile,
when the inter prediction mode information is supplied
from the lossless decoding unit 102, the switch 113
supplies the predicted image supplied from the motion

compensation unit 112 to the addition unit 105.

53



10

15

20

25

30

CA 02875199 2014-11-28

54
SP348573W0O00

[0211)]
[Description of an Operation of the Decoding Device]

Fig. 21 is a flowchart for explaining a display
operation of the decoding device 50 in Fig. 19.

[0212]

In step S50 in Fig. 21, the receiving unit 51 of
the decoding device 50 receives the encoded stream
transmitted from the encoding device 1 in Fig. 3, and
supplies the encoded stream to the demultiplexing unit 52.
[0213]

In step S51, the demultiplexing unit 52
demultiplexes, for example, SPS, PPS, VUI, SEI and
encoded data from the encoded stream supplied from the
receiving unit 51. The demultiplexing unit 52 supplies
the encoded data to the decoding unit 53. Further, the
demultiplexing unit 52 supplies SPS, PPS, VUI and SEI,
too, to the decoding unit 53 and the image adjusting unit
54 if necessary.

[0214]

In step 852, the decoding unit 53 performs a
decoding operation of referring to, for example, 3P3, PPS,
VUI and SEI supplied from the demultiplexing unit 52 if
necessary, and decoding the encoded data supplied from
the demultiplexing unit 52 according to the HEVC
technique. This decoding operation will be described
later in detail with reference to Fig. 22.

[0215]

In step S53, the image adjusting unit 54 determines
whether or the HDR image flag included in VUI supplied
from the demultiplexing unit 52 is 1. As described above

with reference to Fig. 16, the HDR image flag is
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tone mapping flag illustrated in Fig. 12 or

luminance dynamic range flag illustrated in Fig. 13.

When the HDR image flag is determined to be 1 in step S53,
the image adjusting unit 54 determines that the output
signal supplied from the decoding unit 53 is the HDR
image.

[0216]

Further, in step S54, the image adjusting unit 54
obtains dynamic range characteristics information
included in HDR image SEI supplied from the
demultiplexing unit 52. More specifically, as described
above with reference to Fig. 16, dynamic range
characteristics information is obtained from tone mapping
SEI illustrated in Fig. 8 or luminance dynamic range SEI
illustrated in Fig. 11.

[0217]

In step S$55, the image adijusting unit 54 adjusts
the dynamic range of the image to the display dynamic
range based on the dynamic range characteristics
information obtained in step S54. The adjusting
operation of this dynamic range includes, for example, a
tone mapping operation. The image adjusting unit 54
supplies the adjusted image to the display control unit
55.

[0218]

In addition, although there are roughly two methods
of adjusting images in step S55, both operations are
operations of adjusting the image to display capability
of the method.

[0219]

According to a first method, when an image of a
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higher dynamic range than the display capability of the
method is input, an operation of decreasing the dynamic
range of the image according to the display capability of
the method is performed.

[0220])

According to a second method, when an image of a
lower dynamic range than the display capability of the
method is input, an operation of increasing the dynamic
range of the image according to the display capability of
the method is performed.

[0221]

Meanwhile, when it is determined in step S53 that
the HDR image flag is not 1, steps S54 and S55 are
skipped and the operation moves on to step S56. That is,
in this case, the image adjusting unit 54 supplies the
image from the decoding unit 53 as is to the display
control unit 55.

[0222]

In step 856, the display control unit 55 generates
a display image based on the HDR image supplied from the
image adjusting unit 54 and supplies the generated
display image to the display unit 56 to display the
display image on the display unit 56, and finishes the
operation.

[06223]

Fig. 22 is a flowchart for explaining details of
the decoding operation in step $52 in Fig. 21.

[0224]

In step S111 in Fig. 22, the accumulation buffer
101 of the decoding unit 53 receives and stores the

frame-based encoded data from the demultiplexing unit 52
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in Fig. 19. The accumulation buffer 101 supplies the
stored encoded data to the lossless decoding unit 102.
It should be noted that the operations of steps S112
through S124 described below are carried out in CU units
for example.

{0225]

In step S112, the lossless decoding unit 102
obtains a quantized coefficient and encoding information
by performing lossless decoding on the encoded data from
the accumulation buffer 101. The lossless decoding unit
102 supplies the quantized coefficient to the inverse
quantization unit 103. Further, the lossless decoding
unit 102 supplies intra prediction mode information as
the encoding information to the intra prediction unit 111,
and supplies the motion vector, inter prediction mode
information and information for specifying a reference
image to the motion compensation unit 112. Furthermore,
the lossless decoding unit 102 supplies the intra
prediction mode information or the inter prediction mode
information as the encoding information to the switch 113,
[0226]

Still further, the lossless decoding unit 102
supplies the offset filter information as the encoding
information to the adaptive offset filter 141, and
supplies the filter coefficient to the adaptive loop
filter 142.

[0227]

In step S113, the inverse quantization unit 103
inversely quantizes the quantized coefficient from the
lossless decoding unit 102, and supplies the resultant

coefficient to the inverse orthogonal transform unit 104.
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[0228]

In step 8114, the motion compensation unit 112
determines whether or not inter prediction mode
information is supplied from the lossless decoding unit
102. When it is determined in step S114 that the inter
prediction mode information is supplied, the operation
moves on to step S115.

[0229]

In step S115, the motion compensation unit 112
reads the reference image filtered by the deblocking
filter 106 and performs the motion compensating operation
based on the motion vector, the inter prediction mode
information and the information for specifying the
reference image supplied from the lossless decoding unit
102. The motion compensation unit 112 supplies a
resultant predicted image to the addition unit 105
through the switch 113, and moves the operation on to
step S117.

[0230]

Meanwhile, when it is determined in step S114 that
the inter prediction mode is not supplied, that is, when
the intra prediction mode information is supplied to the
intra prediction unit 111, the operation moves on to step
S116.

[0231]

In step S116, the intra prediction unit 111
performs an intra prediction operation in the intra
prediction mode indicated by intra prediction mode
information using the reference image which is read from
the frame memory 109 through the switch 110 and is not

filtered by the deblocking filter 106. The intra
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prediction unit 111 supplies a predicted image generated
as a result of the intra prediction operation to the
addition unit 105 through the switch 113, and moves the
operation on to step S117.
[0232]

In step S117, the inverse orthogonal transform unit

104 performs an inverse orthogonal transform on the

coefficient from the inverse quantization unit 103, and

supplies the resultant residual error information to the
addition unit 105.
[0233]

In step S118, the addition unit 105 adds the
residual error information supplied from the inverse
orthogonal transform unit 104 to the predicted image
supplied from the switch 113. The addition unit 105
supplies the resultant image to the deblocking filter 106,
and also supplies the image to the frame memory 108.
[0234]

In step S119, the deblocking filter 106 performs
filtering on the image supplied from the addition unit
105, to remove block distortions. The deblocking filter
106 supplies the resultant image to the adaptive offset
filter 141.

[0235]

In step S120, the adaptive offset filter 141
performs per LCU an adaptive offset filtering operation
on the image subjected to the deblocking filtering
operation performed by the deblocking filter 106, based
on the offset filter information supplied from the
lossless decoding unit 102. The adaptive offset filter

141 supplies the image subjected to the adaptive offset
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filtering operation, to the adaptive loop filter 142.
[0236]

In step S121, the adaptive loop filter 142 performs
an adaptive loop filtering operation on the image
supplied from the adaptive offset filter 141 per LCU
using a filter coefficient supplied from the lossless
decoding unit 102. The adaptive loop filter 142 supplies
the resultant image to the frame memory 109 and the
screen rearrangement buffer 107.

[0237]

In step S122, the frame memory 109 stores the image
which is not filtered yet and supplied from the addition
unit 105, and the filtered image supplied from the
deblocking filter 106. The image stored in the frame
memory 109 is supplied as a reference image to the motion
compensation unit 112 or the intra prediction unit 111
through the switch 110. »

[0238]

In step S123, the screen rearrangement buffer 107
stores the image supplied from the deblocking fiiter 106
by the frame, rearranges the frames of the stored image
in the original displaying order, instead of in the
encoding order, and supplies the rearranged image to the
D/A converter 108.

[0239]

In step S124, the D/A converter 108 performs a D/A
conversion on the frame-based image supplied from the
screen rearrangement buffer 107, and outputs the image as
an output signal to the image adijusting unit 54 in Fig.
19. Further, the operation returns to step S52 in Fig.

21, and then moves on to step S53.
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[0240]

As described above, the decoding device 50 can
decode encoded data and generate an image, and reliably
reproduce and display the dynamic range of the HDR image
preferentially using HDR image SEI when the HDR image
flag is 1.

[0241]

In addition, the HDR image flag may be included in
another NAL unit such as SPS instead of VUI.
[0242]

Although the HEVC technique is basically used for
the encoding technique above, this technique is a
technique for displaying images and is not limited to the
encoding technique. Consequently, this technique is not
limited to the HEVC technique, and can adopt other
encoding techniques/decoding techniques. For example,
the AVC technique described below is also applicable to a
device which performs an encoding/decoding operation.
[0243]

<Second Embodiment>
[BExample Structure of a Second Embodiment of an Encoding
Device]

Fig. 23 is a block diagram illustrating an example
structure according to a second embodiment of an encoding
device as an image processing device to which the present
technique is applied.

[0244]

In the structure illustrated in Fig. 23, the same
components as those in Fig. 3 are denoted by the same
reference numerals as those in Fig. 3. The explanations

that have already been made will not be repeated.
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[0245]

The structure of an encoding device 201 in Fig. 23
differs from the structure in Fig. 3 in including an
encoding unit 211 instead of an encoding unit 2. The
structure of the encoeding device 201 is common to the
structure in Fig. 3 in including a setting unit 3 and a
transmitting unit 4.

[0246]

The encoding unit 211 of the encoding device 201
receives as an input signal an input of an image such as
a frame-based captured image. The encoding unit 211
encodes the input signal according to the AVC technique,
and supplies the resultant encoded data to the setting
unit 3.

[0247]

The setting unit 3 sets characteristics information
of a dynamic range of an image in a format matching the
standard of the AVC technique. The setting unit 3
generates an encoded stream from the set characteristics
information and the encoded data supplied from the
encoding unit 211. The setting unit 3 supplies the
encoded stream to the transmitting unit 4.

[0248]

That is, the encoding device 201 differs from the
encoding device 1 in Fig. 3 in performing an encoding
operation according to the AVC technique.

[0249]
[Example Structure of an Encoding Unit]

Fig. 24 is a block diagram illustrating an example
structure of the encoding unit 211 in Fig. 23.

[0250]

62



10

15

20

25

30

CA 02875199 2014-11-28

63
SP348573W000

In the structure illustrated in Fig. 24, the same
components as those in Fig. 4 are denoted by the same
reference numerals as those in Fig. 4. The explanations
that have already been made will not be repeated.

[0251]

The encoding unit 211 illustrated in Fig. 24
includes an A/D converter 11, a screen rearrangement
buffer 12, an arithmetic operation unit 13, an orthogonal
transform unit 14, a quantization unit 15, a lossless
encoding unit 16, an accumulation buffer 17, an inverse
quantization unit 18, an inverse orthogonal transform
unit 19, an addition unit 20, a deblocking filter 21, a
frame memory 22, a switch 23, an intra prediction unit 24,
a motion prediction/compensation unit 25, a predicted
image selection unit 26, and a rate control unit 27,
[0252]

That is, the structure of the encoding unit 211 in
Fig. 24 differs from the structure in Fig. 4 only in
removing an adaptive offset filter 41 and an adaptive
loop filter 42 and in encoding performed by the lossless
encoding unit 16 according to the AVC technique instead
of the HEVC technique. Hence, the encoding unit 211
performs the encoding operation in block units instead of
in CU units.

[0253]

Encoding operation targets of the lossless encoding
unit 16 are basically the same as those of the lossless
encoding unit 16 in Fig. 4 except parameters of the
adaptive offset filter and the adaptive loop filter.

That is, similar to the lossless encoding unit 16 in Fig.

4, the lossless encoding unit 16 obtains intra prediction
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mode information from the intra prediction unit 24.
Further, the lossless encoding unit 16 obtains inter
prediction mode information, a motion vector, and
information for specifying a reference image from the
motion prediction/compensation unit 25.

[0254]

Similar to the lossless encoding unit 16 in Fig. 4,
the lossless encoding unit 16 performs lossless encoding,
such as variable-length encoding (CAVLC (Context-Adaptive
Variable Length Coding), for example) or arithmetic
encoding (CABAC (Context-Adaptive Binary Arithmetic
Coding), for example), on the quantized coefficient
supplied from the quantization unit 15.

[0255]

Further, similar to the lossless encoding unit 16
in Fig. 4, the lossless encoding unit 16 performs
lossless encoding on intra prediction mode information or
inter prediction mode information, a motion vector,
information for specifying a reference image, offset
filter information and a filter coefficient as encoding
information related to encoding. The lossless encoding
unit 16 supplies and stores the encoding information and
the coefficient subjected to lossless encoding as encoded
data into the accumulation buffer 17. In addition, the
encoding information subjected to lossless encoding may
be header information of the coefficient subjected to
lossless encoding.

[0256]

The deblocking filter 21 performs filtering on the

locally decoded image supplied from the addition unit 20,

to remove block distortions. The deblocking filter 21
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supplies and stores the resultant image into the frame
memory 22.
[0257]

The image stored in the frame memory 22 is then
output as a reference image to the intra prediction unit
24 or the motion prediction/compensation unit 25 through
the switch 23.

[0258]

This technique is also applicable to the encoding

device 201 based on this AVC technique.

[0259]

[Example Structure of the Second Embodiment of a Decoding
Device]

Fig. 25 is a block diagram illustrating an example
structure of the second embodiment of a decoding device
as an image processing device to which this technique is
applied and which decodes an encoded stream transmitted
from the encoding device 201 in Fig. 23.

[0260]

In the structure illustrated in Fig. 25, the same
components as those in Fig. 19 are denoted by the same
reference numerals as those in Fig. 19. The explanations
that have already been made will not be repeated.

[0261]

The structure of a decoding device 251 in Fig. 25
differs from the structure in Fig. 19 in including a
decoding unit 261 instead of a decoding unit 53. The
structure of the decoding device 251 is common to the
structure in Fig. 19 in including a receiving unit 51, a
demultiplexing unit 52, an image adjusting unit 54, a

display control unit 55 and a display unit 56.
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[0262]

The receiving unit 51 receives the encoded stream
transmitted from the encoding device 201 in Fig. 23 and
encoded according to the AVC technique, and supplies the
encoded stream to the demultiplexing unit 52. The
demultiplexing unit 52 demultiplexes, for example,
characteristics information of a dynamic range set
according to the standard of the AVC technique and
encoded data from the encoded stream supplied from the
receiving unit 51. The demultiplexing unit 52 supplies
the encoded data to the decoding unit 261. Further, the
demultiplexing unit 52 supplies characteristics
information of the dynamic range, too, to the decoding
unit 261 and the image adijusting unit 54 if necessary.
[0263]

The decoding unit 261 refers to, for example, SPS,
PPS, VUI and SEI supplied from the demultiplexing unit 52
if necessary, and decodes the encoded data supplied from
the demultiplexing unit 52 according to the AVC technique.
The decoding unit 261 supplies the image such as a HDR
image obtained as a result of decoding to the image
adjusting unit 54 as an output signal.

[0264]

The image adjusting unit 54 adjusts a dynamic range
of the HDR image supplied as the output signal from the
decoding unit 261 based on characteristics information of
the dynamic range supplied from the demultiplexing unit
52 if necessary. Further, the image adjusting unit 54
supplies the HDR image as the output signal to the
display control unit 55.

[0265]
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That is, the decoding device 251 differs from the
decoding device 50 in Fig. 19 only in performing a
decoding operation according to the AVC technique.

[0266]
[Example Structure of a Decoding unit]

Fig. 26 is a block diagram illustrating an example
structure of the decoding unit 261 in Fig. 25.

[0267]

Of the components illustrated in Fig. 26, the same
components as those in Fig. 20 are denoted by the same
reference numerals as those in Fig. 20. The explanations
that have already been made will not be repeated.

[0268]

The decoding unit 261 in Fig. 26 includes an
accumulation buffer 101, a lossless decoding unit 102, an
inverse quantization unit 103, ah inverse orthogonal
transform unit 104, an addition unit 105, a deblocking
filter 106, a screen rearrangement buffer 107, a D/A
converter 108, a frame memory 109, a switch 110, an intra
prediction unit 111, a motion compensation unit 112, and
a switch 113.

[0269]

The structure of the decoding unit 261 in Fig. 26
differs from the structure in Fig. 20 only in removing an
adaptive offset filter 141 and an adaptive loop filter
142 and in performing decoding in the lossless decoding
unit 102 according to the AVC technique instead of the
HEVC technique. Hence, the decoding unit 26l performs a
decoding operation in block units instead of in CU units.
[0270]

A decoding operation target of the lossless
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decoding unit 102 is basically the same as that of the
lossless decoding unit 102 in Fig. 20 except parameters
of an adaptive offset filter and an adaptive loop filter.
That is, similar to the lossless decoding unit 102 in Fig.
20, the lossless decoding unit 102 obtains a quantized
coefficient and encoding information by performing
lossless decoding such as variable-length decoding or
arithmetic decoding on the encoded data from the
accumulation buffer 101. The lossless decoding unit 102
supplies the quantized coefficient to the inverse
quantization unit 103.

(0271}

Further, similar to the lossless decoding unit 102
in FPig. 20, the lossless decoding unit 102 supplies intra
prediction mode information as the encoding information
to the intra prediction unit 111, and supplies the motion
vector, information for specifying a reference image and
inter prediction mode information to the motion
compensation unit 112. Furthermore, the lossless
decoding unit 102 supplies the intra prediction mode
information or the inter prediction mode information as
the encoding information to the switch 113.

[0272]

The deblocking filter 106 performs filtering on the
image supplied from the addition unit 105, to remove
block distortions. The deblocking filter 106 supplies
the resultant image to the frame memory 109 and the
screen rearrangement buffer 107.

[0273]
This technique is also applicable to the decoding

device 251 based on this AVC technique.
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[0274]

In addition, the present disclosure can be applied
to image encoding devices and image decoding devices
which are used when image information (bit streams)
compressed through orthogonal transforms such as discrete
cosine transforms and the motion compensation as in, for
example, the HEVC technique is received via a network
medium such as satellite broadcasting, cable television,
the Internet, or a portable telephone device. Further,
the present technique are also applicable to image
encoding devices and image decoding devices which are
used on a storage medium such as an optical or magnetic
disk or a flash memory.

[0275]

<Third Embodiment>
[Application to Multi-View Image Encoding/Multi-View
Image Decoding]

The above series of operations are applicable to
multi-view image encoding/multi-view image decoding. Fig.
27 is a view illustrating an example of a multi-view
image encoding technique.

[0276]

As illustrated in Fig. 27, a multi-view image
includes images from a plurality of views, and an image
from one predetermined view among a plurality of views is
specified as a base view image. Each view image other
than a base view image is used as a non-base view image.
[0277)

When multi-view image encoding in Fig. 27 is
performed, characteristics information of a dynamic range

can be set in each view (identical view). Further, in
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each view (a different view), characteristics information
of a dynamic range set in other views can also be shared.
[0278]

In this case, the characteristics information of
the dynamic range set in the base view is used in at
least one non-base view. Alternatively, for example, the
characteristics information of the dynamic range set in a
non-base view (view id = i) is used in at least one of
the base view and the non-base views (view id = j).

[0279]

By this means, it is possible to accurately
reproduce a dynamic range of an image.
[0280]

[Multi-View Image Encoding Device]

Fig. 28 is a view illustrating a multi-view image
encoding device which performs the above multi-view image
encoding. As illustrated in Fig. 28, the multi-view
image encoding device 600 has an encoding unit 601, an
encoding unit 602 and a multiplexing unit 603.

[0281]

The encoding unit 601 encodes a base view image,
and generates a base view image encoded stream. The
encoding unit 602 encodes non-base view images, and
generates a non-base view image encoded stream. The
multiplexing unit 603 multiplexes the base view image
encoded stream generated by the encoding unit 601 and the
non-base view image encoded streams generated by the
encoding unit 602, and generates a multi-view image
encoded stream.

[0282]

The encoding device 1 (Fig. 3) and the encoding
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device 201 (Fig. 23) are applicable to the encoding unit
601 and the encoding unit 602 of this multi-view image
encoding device 600. In this case, the multi-view image
encoding device 600 sets and transmits characteristics
information of a dynamic range set by the encoding unit
601 and characteristics information of a dynamic range
set by the encoding unit 602.

[0283]

In addition, as described above, the
characteristics information of the dynamic range set by
the encoding unit 601 may be set to be shared between the
encoding unit 601 and the encoding unit 602 and
transmitted. In addition, the characteristics
information of the dynamic range collectively set by the
encoding unit 602 may be set to be shared between the
encoding unit 601 and the encoding unit 602 and
transmitted.

[0284]
[Multi-View Image Decoding Device]

Fig. 29 is a view a multi-view image decoding
device which performs the above multi-view image decoding.
As illustrated in Fig. 29, the multi-view image decoding
device 610 has an inverse multiplexing unit 611, a
decoding unit 612 and a decoding unit 613.

[0285]

The inverse multiplexing unit 611 inversely
multiplexes the multi-view image encoded stream obtained
by multiplexing the base view image encoded stream and
the non-base view image encoded streams, and
demultiplexes the base view image encoded stream and the

non-base view image encoded streams. The decoding unit
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612 decodes the base view image encoded stream
demultiplexed from the inverse multiplexing unit 611, and
obtains the base view image. The decoding unit 613
decodes the non-base view image encoded streams
demultiplexed from the inverse multiplexing unit 611, and
obtains the non-base view images.

[0286]

The decoding device 50 (Fig. 19) and the decoding
device 251 (Fig. 25) are applicable to the decoding unit
612 and the decoding unit 613 of this multi-view image
decoding device 610. In this case, the multi-view image
decoding device 610 performs an operation using the
characteristics information of the dynamic range set by
the encoding unit 601 and decoded by the decoding unit
612, and the characteristics information of the dynamic
range set by the encoding unit 602 and decoded by the
decoding unit 613.

[0287]

In addition, as described above, the
characteristics information of the dynamic range set by
the encoding unit 601 (or the encoding unit 602) may be
set to be shared between the encoding unit 601 and the
encoding unit 602 and transmitted. In this case, the
multi-view imége decoding device 610 performs an
operation using the characteristics information of the
dynamic range set by the encoding unit 601 (or the
encoding unit 602) and decoded by the decoding unit 612
(or the decoding unit 613).

[0288]
<6. Fourth Embodiment>

[Application to Hierarchical Image Encoding/Hierarchical
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Image Decodingl

The above series of operations are applicable to
hierarchical image encoding/hierarchical image decoding.
Fig. 30 illustrates an example of a multi-view image
encoding technique.

[0289]

As illustrated in Fig. 30, a hierarchical image
includes images of a plurality of layers (resolutions),
and an image of one predetermined layer of a plurality of
resolutions is specified as a base layer image. Each
layer image other than the base layer image is used as a
non-base layer image.

[0290]

When hierarchical image encoding (spatial
scalability) as in Fig. 30 is performed, characteristics
information of a dynamic range can be set in each layer
(identical layer). Further, in each layer (a different
layer), characteristics information of a dynamic range
set in another layer can be shared.

{0291]

In this case, the characteristics information of
the dynamic range set in the base layer is used in at
least one non-base layer. Alternatively, for example,
the characteristics information of the dynamic range set
in a non-base layer (layér*id = 1) 1is used in at least
one of the base layer and the non-base layers (layer id =
3) -

[0292]
By this means, it is possible to accurately

reproduce a dynamic range of an image.

[0293]
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[Hierarchical Image Encoding Device]

Fig. 31 is a view illustrating a hierarchical image
encoding device which performs the above hierarchical
image encoding. As illustrated in Fig. 31, the
hierarchical image encoding device 620 has an encoding
unit 621, an encoding unit 622 and a multiplexing unit
623.

[0294]

The encoding unit 621 encodes a base layer image,
and generates a base layer image encoded stream. The
encoding unit 622 encodes non-base layer images, and
generates non-base layer image encoded streams. The
multiplexing unit 623 multiplexes the base layer image
encoded stream generated by the encoding unit 621 and the
non-base layer image encoded streams generated by the
encoding unit 622, and generates a hierarchical image
encoded stream.

[0295]

The encoding device 1 (Fig. 3) and the encoding
device 201 (Fig. 23) are applicable to the encoding unit
621 and the encoding unit 622 of this hierarchical image
encoding device 620. In this case, the hierarchical
image encoding device 620 sets and transmits
characteristics information of a dynamic range set by the
encoding unit 621 and characteristics information of a
dynamic range set by the encoding unit 602.

[0296]

In addition, as described above, the
characteristics information of the dynamic range set by
the encoding unit 621 may be set to be shared between the

encoding unit 621 and the encoding unit 622 and
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transmitted. Conversely, the characteristics information
of the dynamic range set by the encoding unit 622 may be
set to be shared between the encoding unit 621 and the
encoding unit 622 and transmitted.

[0297]

[Hierarchical Image Decoding Device]

Fig. 32 is a view illustrating a hierarchical image
decoding device which performs the above hierarchical
image decoding. As illustrated in Fig. 32, the
hierarchical image decoding device 630 has an inverse
multiplexing unit 631, a decoding unit 632 and a decoding
unit 633.

[0298]

The inverse multiplexing unit 631 inversely
multiplexes the hierarchical image encoded stream
obtained by multiplexing the base layer image encoded
stream and the non-base layer image encoded streams, and
demultiplexes the base layer image encoded stream and the
non-base layer image encoded streams. The decoding unit
632 decodes the base layer image encoded stream
demultiplexed by the inverse multiplexing unit 631, and
obtains a base layer image. The decoding unit 633
decodes the non-base layer image encoded streams
extracted by the inverse multiplexing ﬁnit 631, and
obtains non-base layer images.

[0299]

The decoding device 50 (Fig. 19) and the decoding
device 251 (Fig. 25) are applicable to the decoding unit
632 and the decoding unit 633 of this hierarchical image
decoding device 630. In this case, the hierarchical

image decoding device 630 performs an operation using the
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characteristics information of the dynamic range set by
the encoding unit 621 and decoded by the decoding unit
632, and the characteristics information of the dynamic
range set by the encoding unit 622 and decoded by the
decoding unit 633. .

[0300]

In addition, as described above, the
characteristics information of the dynamic range set by
the encoding unit 621 {or the encoding unit 622) may be
set to be shared between the encoding unit 621 and the
encoding unit 622 and transmitted. In this case, the
hierarchical image decoding device 630 performs an
operation using the characteristics information of the
dynamic range set by the encoding unit 621 (or the
encoding unit 622) and decoded by the decoding unit 632
(or the decoding unit 633).

[0301]

<Fifth Embodiment>
[Example Structure of Computer]

The above described series of operations can be
performed by hardware, and can also be performed by
software. When the series of operations are to be
performed by software, the programs forming the software
are installed in a computer. Here, the computer may be a
computer incorporated into special-purpose hardware, or
may be a general-purpose personal computer which can
execute various kinds of functions as various kinds of
programs are installed thereinto.

[0302]
Fig. 33 is a block diagram illustrating an example

structure of the hardware of the computer which performs
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the above described series of operations in accordance
with programs.
[0303]

In a computer 800, a CPU (Central Processing Unit)
801, a ROM (Read Only Memory) 802, and a RAM (Random
Access Memory) 803 are connected to one another by a bus
804.

[0304]

An input/output interface 805 is further connected
to the bus 804. An input unit 806, an output unit 807, a
storage unit 808, a communication unit 809, and a drive
810 are connected to the input/output interface 805.
[0305]

The input unit 806 is formed with a keyboard, a
mouse, a microphone, and the like. The output unit 807
is formed with a display, a speaker, and the like. The
storage unit 808 is formed with a hard disk, a
nonvolatile memory, or the like. The communication unit
809 is formed with a network interface or the like. The
drive 810 drives a removable medium 811 such as a
magnetic disk, an optical disk, a magnetooptical disk, or
a semiconductor memory.

(0306]

In the computer having the above described
structure, the CPU 801 loads a program stored in the
storage unit 808 into the RAM 803 via the input/output
interface 805 and the bus 804, and executes the program,
so that the above described series of operations are
performed.

[0307]

The programs to be executed by the computer 800
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(CPU 801) may be recorded on the removable medium 811 as
a package medium to be provided, for example.
Alternatively, the programs can be provided via a wired
or wireless transmission medium such as a local area
network, the Internet, or digital satellite brcadcasting.
[0308]

In the computer, the programs can be installed in
the storage unit 808 through the input/output interface
805 by attaching the removable medium 811 to the drive
810. Further, the programs can be received by the
communication unit 809 through a wired or wireless
transmission medium, and installed in the storage unit
808. in addition, the programs can be preinstalled in
the ROM 802 and the storage unit 808.

[0309]

The program to be executed by the computer may be a
program for carrying out processes in chronological order
in accordance with the sequence described in this
specification, or a program for carrying out processes in
parallel or whenever necessary such as in response to a
call.

[0310]

In this specification, the step written in the
program to be recorded in a recording medium includes
operations to be performed in parallel or independently
of one another if not necessarily in chronological order,
as well as operations to be performed in chronological
order in accordance with the sequence described herein.
[0311)]

Further, in this specification, a system means an

entire apparatus formed with a plurality of devices.
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{0312]

Also, in the above described examples, any
structure described as one device (or one processing
unit) may be divided into two or more devices (or
processing units). Conversely, any structure described
as two or more devices (or processing units) may be
combined to form one device (or one processing unit).
Also, it is of course possible to add a structure other
than the above described ones to the structure of any of
the devices (or any of the processing units). Further,
as long as the structure and function of the entire
system substantively remain the same, part of the
structure of a device (or a processing unit) may be
incorporated into another device (or another processing
unit). That is, embodiments of the present technique are
not limited to the above described embodiments, and
various modifications may be made to them without
departing from the scope of the technique.

[0313]

The image encoding device and the image decoding
device according to the above embodiments can be applied
to various electronic devices such as transmitters or
receivers for satellite broadcasting, wired broadcasting
of a cable TV, distribution on the Internet, and
distribution to terminals by way of cellular
communication, recording devices which record images in
media such as optical disks, magnetic disks and flash
memories or reproducing devices which reproduce images
from these storage media. Hereinafter, four application
examples will be described.

[0314]
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<Application Example>
[First Application Example: Television Receiver]

Fig. 34 illustrates an example of a schematic
structure of a television device to which above
embodiments are applied. A television device 900
includes an antenna 901, a tuner 902, a demultiplexer 903,
a decoder 904, a video signal processing unit 3905, 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 912.

[0315]

The tuner 902 extracts a desired channel signal
from a broadcast signals received at the antenna 901, and
demodulates the extracted signal. Further, the tuner 9502
outputs an encoded bit stream obtained as a result of
demodulation, to the demultiplexer 903. That is, the
tuner 902 plays a role of a transmitter in the television
device 900 which receives encoded streams of encoded
images.

[0316]

The demultiplexer 903 separates a video stream and
an audio stream of the show to be viewed from the encoded
bit stream, and outputs each separated stream to the
decoder 904. Further, the demultiplexer 903 extracts
auxiliary data such as EPG (Electronic Program Guide)
from the encoded bit stream, and supplies the extracted
data to the control unit 910. In addition, the
demultiplexer 903 may perform descrambling when the
encoded bit stream is scrambled.

[0317]

The decoder 904 decodes the video stream and the
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audio stream input from the demultiplexer 903. Further,
the decoder 904 outputs video data generated by a
decoding operation, to the video signal processing unit
905. Furthermore, the decoder 904 outputs audio data
generated by a decoding operation, to the audio signal
processing unit 907,

[0318]

The video signal processing unit 905 reproduces the
video data input from the decoder 904, and displays a
video image on the display unit 906. Further, the video
signal processing unit 905 may display on the display
unit 906 an application screen supplied through a network.
Furthermore, the video signal processing unit 905 may
perform an additional operation such as noise removal on
the video data according to a setting. Still further,
the video signal processing unit 905 may generate a GUI
(Graphical User Interface) image such as a menu, buttons,
a cursor, and superimpose the generated image on an
output image.

[0319]

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

[0320]

The audio signal processing unit 907 performs a
reproducing operation such as a D/A conversion and
amplification on the audio data input from the decoder

904, and outputs an audio from the speaker 908. Further,
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the audio signal processing unit 907 may perform an
additional operation such as noise removal on the audio
data.

[0321]

The external interface 909 is an interface which
connects the television device 900 and an external device
or the network. For example, a video stream or an audio
stream received through the external interface 909 may be
decoded by the decoder 904. That is, the external
interface 909 also plays a role of a transmitter in the
television device 900 which receives encoded streams of
encoded images.

[0322]

The control unit 910 has a processor such as a CPU,
and memories such as a RAM and a ROM. The memory stores
programs to be executed by the CPU, program data, EPG
data, and data acquired through the network. The program
stored in the memory is read and executed by the CPU at
the time of activation of the television device 900. By
executing the program, the CPU controls the operation of
the television device 900 according to, for example, an
operation signal input from the user interface 911.

[0323]

The user interface unit 911 is connected to the
control unit 910. The user interface 911 has, for
example, buttons and switches which a user uses to
operate the television device 900, and a reception unit
which receives a remote control signal. The user
interface 911 detects a user's operation through these
components, generates an operation signal and outputs the

generated operation signal to the control unit 910.
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[0324]

The bus 912 mutually connects the tuner 902, the
demultiplexer 903, the decoder 904, the video signal
processing unit 905, the audio signal processing unit 907,
the external interface 909 and the control unit 910.
[0325]

In the television device 900 having this structure,
the decoder 904 has a function of the image decoding
device according to the above embodiments. By this means,
when the television device 900 decodes images, it is
possible to accurately reproduce a dynamic range of an
image.

[0326]
[Second Application Example: Portable Telephone Device]

Fig. 35 illustrates an example of a schematic
structure of a poftable telephone device to which the
above embodiments are applied. A portable telephone
device 920 includes an antenna 921, a communication unit
922, an audio codec 923, a speaker 924, a microphone 925,
a camera unit 926, an image processing unit 927, a
multiplexing/separating unit 928, a recording/reproducing
unit 929, a display unit 930, a control unit 931, an
operation unit 932 and a bus 933.

[0327]

The antenna 921 is connected to the communication
unit 922. The speaker 924 and the microphone 925 are
connected to the audio codec 923. The operation unit 932
is connected to the control unit 931. The bus 933
mutually connects the communication unit 922, the audio
codec 923, the camera unit 926, the image processing unit

927, the multiplexing/separating unit 928, the
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recording/reproducing unit 929, the display unit 930, and
the control unit 931.
[0328]

The portable telephone device 920 performs various
operations such as transmission and reception of audio
signals, transmission and reception of electronic mail
and image data, image capturing, and data recording, in
various kinds of modes such as a voice communication mode,
a data communication mode, an image capturing mode and a
video telephone mode.

[0329]

In the audio communication mode, an analog audio
signal generated at the microphone 925 is supplied to the
audioc codec 923. The audio codec 923 converts the analog
audio signal into audio data, and performs an A/D
conversion on and compresses the converted audio data.
Further, the audio codec 923 outputs the compressed audio
data to the communication unit 922. The communication
unit 922 encodes and modulates audio data, and generates
a transmission signal. Further, the communication unit
922 transmits the generated transmission signal to a base
station (not illustrated) through the antenna 921.
Furthermore, the communication unit 922 amplifies and
performs a frequency conversion on a radio signal
received through the antenna 921, and obtains the
received signal. Still further, the communication unit
922 demodulates and decodes the received signal,
geherates audio data and outputs the generated audio data
to the audio codec 923. The audio codec 923 decompresses
and performs a D/A conversion on audio data, and

generates an analog audio signal. Further, the audio
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codec 923 supplies the generated audio signal to the
speaker 924, and outputs the audio.
[0330]

Furthermore, in the data communication mcde, for
example, the control unit 931 generates text data which
configures an electronic mail according to a user's
operation through the operation unit 932. Still further,
the control unit 931 displays a text on the display unit
930. Moreover, the control unit 931 generates electronic
mail data according to a transmission instruction from
the user through the operation unit 932, and outputs the
generated electronic mail data to the communication unit
922. The communication unit 922 encodes and modulates
electronic mail data, and generates a transmission signal.
Further, the communication unit 922 transmits the
generated transmission signal to a base station (not
illustrated) through the antenna 921. Furthermore, the
communication unit 922 amplifies and performs a frequency
conversion on a radio signal received through the antenna
921, and obtains the received signal. Still further, the
communication unit 922 demodulates and decodes the
received signal, restores electronic mail data and
outputs the restored electronic mail data to the control
unit 931. The control unit 931 displays content of the
electronic mail on the display unit 930, and stores the
electronic mail data in a storage medium of the
recording/reproducing unit 929.

[0331]

The recording/reproducing unit 929 has an arbitrary

readable/writable storage medium. For example, the

storage medium may be a built-in storage medium such as a
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RAM or a flash memory, and may be a storage medium which
is externally attached such as a hard disk, a magnetic
disk, a magnetooptical disk, an optical disk, a USB
(Universal Serial Bus) memory, or a memory card.

[0332]

Further, in the image capturing mode, for example,
the camera unit 926 captures an image of an object,
generates image data and outputs the generated image data
to the image processing unit 927. The image processing
unit 927 encodes image data input from the camera unit
926, and stores the encoded stream in the storage medium
of the recording/reproducing unit 929.

[0333]

Further, in the video telephone mode, for example,
the multiplexing/separating unit 928 multiplexes the
video stream encoded by the image processing unit 927 and
the audio stream input from the audio codec 923, and
outputs the multiplexed stream to the communication unit
922. The communication unit 922 encodes and modulates
the stream, and generates a transmission signal. Further,
the communication unit 922 transmits the generated
transmission signal to a base station (not illustrated)
through the antenna 921. Furthermore, the communication
unit 922 amplifies and performs a frequency conversion on
a radio signal received through the antenna 821, and
obtains the received signal. These transmission signal
and received signal may include encoded bit streams.
Further, the communication unit 922 demodulates and
decodes the received signal, restores the stream and
outputs the restored stream to the

multiplexing/separating unit 928. The
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multiplexing/separating unit 928 separates the video
stream and the audio stream from the input stream, and
outputs the video stream to the image processing unit 927
and the audio stream to the audio codec 923. The image
processing unit 927 decodes the video stream, and
generates ﬁhe video data. The video data is supplied to
the display unit 930, and the display unit 930 displays a
series of images. The audio codec 923 decompresses and
performs a D/A conversion on the audio stream, and
generates an analog audio signal. Further, the audio
codec 923 supplies the generated audio signal to the
speaker 924, and outputs the audio.

[0334]

In the portable telephone device 920 having the
structure, the image processing unit 927 has functions of
the image encoding device and the image decoding device
according to the above embodiments. By this means, upon
encoding and decoding of images in the portable telephone
device 920, it is possible to accurately reproduce a
dynamic range of an image.

[0335]
[Third Application Example: Recording/Reproducing Device]

Fig. 36 illustrates an example of a schematic
structure of a recording/reproducing device to which
above embodiments are applied. A recording/reproducing
device 940 encodes, for example, audio data and video
data of the received broadcast show, and records the data
in the recording medium. Further, the
recording/reproducing device 940 encodes, for example,
the audio data and the video data obtained from another

device, and records the data in the recording medium.
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Further, the recording/reproducing device 940 reproduces
data recorded in the recording medium on a monitor and a
speaker according to, for example, a user's instruction.
In this case, the recording/reproducing device 940
decodes the audio data and the video data.

[0336]

The recording/reproducing device 940 includes a
tuner 941, an external interface unit 942, an encoder 943,
a HDD (Hard Disk Drive) unit 944, a disk drive 945, a
selector 946, a decoder 947, an 0OSD (On-Screen Display)
unit 948, a control unit 949, and a user interface 950.
[0337]

The tuner 941 extracts a desired channel signal
from a broadcast signals received at an antenna (not
illustrated), and demodulates the extracted signal.
Further, the tuner 941 outputs an encoded bit stream
obtained by demodulation, to the selector 946. That is,
the tuner 941 plays a role of a transmitter in the
recording/reproducing device 940.

[0338]

The external interface unit 942 is an interface
which connects the recording/reproducing device 940 and
an external device or the network. The external
interface unit 942 is formed with an IEEE1394 interface,
a network interface unit, a USB interface, a flash memory
interface, and the like. For example, the video data and
the audio data received through the external interface
unit 942 are input to the encoder 943. That is, the
external interface unit 942 plays a role of the
transmitter in the recording/reproducing device 940.

[0339]

88



10

15

20

25

30

CA 02875199 2014-11-28

89
SP348573W0O00

When the video data and the audio data input from
the external interface unit 942 are not encoded, the
encoder 943 encodes the video data and the audio data.
Further, the encoder 943 outputs an encoded bit stream to
the selector 946.

[0340]

The HDD 944 records encoded bit streams obtained by
compressing content data such as video images and audio,
various programs and other data in the hard disk inside.
Further, the HDD 944 reads these items of data from the
hard disk at the time of reproduction of a video image
and an audio.

[0341]

The disk drive 945 records and reads data to and
from an attached recording medium. A recording medium
attached to the disk drive 945 is, for example, a DVD
disk (such as DVD-Video, DVD-RAM, DVD-R, DVD-RW, DVD+R
and DVD+RW) or a Blu-ray (registered trademark) disk.
[0342]

At the time of video and audio recording, the
selector 946 selects an encoded bit stream input from the
tuner 941 or the encoder 943, and outputs the selected
encoded bit stream to the HDD 944 or the disk drive 945.
Further, the selector 946 outputs an encoded bit stream
input from the HDD 944 or the disk drive 945 to the
decoder 947 at the time of video and audio reproduction.
[0343]

The decoder 947 decodes the encoded bit stream, and
generates video data and audio data. Further, the
decoder 947 outputs the generated video data to the CSD

948. Furthermore, the decoder 904 outputs the generated
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audio data to an external speaker.
[0344]

The OSD 948 reproduces video data input from the
decoder 947, and displays a video image. Further, the
OSD 948 may superimpose a GUI image such as a menu,
buttons or a cursor on a video image to be displayed.
[0345]

The control unit 949 has a processor such as a CPU,
and memories such as a RAM and a ROM. The memory stores
programs to be executed by the CPU, and program data.
The program stored in the memory is read and executed by
the CPU at, for example, the time of activation of the
recording/reproducing device 940. By executing the
program, the CPU controls the operation of the
recording/reproducing device 940 according to, for
example, an operation signal input from the user
interface 950.

[0346]

The user interface 950 is connected to the control
unit 949. The user interface 950 has, for example,
buttons and switches which a user uses to operate the
recording/reproducing device 940, and a reception unit
which receives a remote control signal. The user
interface 950 detects a user's operation through these
components, generates an operation signal and outputs the
generated operation signal to the control unit 949.
[0347]

In the recording/reproducing device 940 having this
structure, the encoder 943 has a function of the image
encoding device according to the above embodiments.

Further, the decoder 947 has a function of the image
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decoding device according to the above embodiments. By
this means, upon encoding and decoding of images in the
recording/reproducing device 940, it is possible to
accurately reproduce a dynamic range of an image.

[0348]

[Fourth Application Example: Imaging Device]

Fig. 37 illustrates an example of a schematic
structure of an imaging device to which above embodiments
are applied. An imaging device 960 captures an image of
an object, generates an image, encodes image data and
records the image data in a recording medium.

[0349]

The imaging device 960 includes an optical block
961, an imaging unit 862, a signal processing unit 963,
an image processing unit 964, a display unit 965, an
external interface 966, a memory 967, a media drive 968,
an 0SD 969, a control unit 970, a user interface 971 and
a bus 972.

[0350]

The optical block 961 is connected to the imaging
unit 962. The imaging unit 962 is connected to the
signal processing unit 963. The display unit 965 is
connected to the image processing unit 964. The user
interface 971 is connected to the control unit 3970. The
bus 972 mutually connects the image processing unit 964,
the external interface 966, the memory 967, the media
drive 968, the 0SD 969 and the control unit 970.

[0351]
The optical block 961 has a focus lens, a diaphragm,
and the like. The optical block 961 forms an optical

image of an object on the imaging surface of the imaging
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unit 962. The imaging unit 962 has an image sensor such
as a CCD (Charge Coupled Device) or a CMOS (Complementary
Metal Oxide Semiconductor), and converts an optical image
formed on the imaging surface into an image signal as an
electric signal by photoelectric conversion. Further,
the imaging unit 962 outputs the image signal to the
signal processing unit 963.

{0352]

The signal processing unit 963 performs various
kinds of camera signal operations such as a knee
correction, a gamma correction, and a color correction on
the image signal input from the imaging unit 962. The
signal processing unit 963 outputs image data subjected
to the camera signal operation, to the image processing
unit 964.

{0353]

The image processing unit 964 encodes the image
data input from the signal processing unit 963, and
generates encoded data. Further, the image processing
unit 964 outputs the generated encoded data to the
external interface 966 or the media drive 968.
Furthermore, the image processing unit 964 decodes the
encoded data input from the external interface 966 or the
media drive 968, and generates image data. Still further,
the image processing unit 964 outputs the generated image
data to the display unit 965. Moreover, the image
processing unit 964 may output the image data input from
the signal processing unit 963 to the display unit 965,
and display an image. Further, the image processing unit
964 may superimpose display data obtained from the 0OSD

969, on the image to be output to the display unit 965.
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[0354]

The OSD 969 generates a GUI image such as a menu,
buttons or a cursor, and outputs the generated image to
the image processing unit 964.

[0355]

The external interface 966 is formed as, for
example, a USB input/output terminal. The external
interface 966 connects the imaging device 960 and a
printer at, for example, the time of printing of an image.
Further, the external interface 966 is connected with a
drive if necessary. The drive is attached with a
removable medium such as a magnetic disk or an optical
disk, and the program read from the removable medium can
be installed in the imaging device 960. Further, the
external interface 966 includes a network interface
connected to a network such as a LAN or the Internet.
That is, the external interface 266 plays a role of the
transmitter in the imaging device 960.

[0356]

A recording medium attached to the media drive 968
may be an arbitrary readable/rewritable removable medium
such as a magnetic disk, a magnetooptical disk, an
optical disk, or a semiconductor memory. Further, a
recording medium is attached to the media drive 968 and
fixed, and a non-portable storage unit such as a built-in
hard disk drive or an SSD (Solid State Drive) may be
formed.

[0357]

The control unit 970 has a processor such as a CPU,

and memories such as a RAM and a ROM. The memory stores

programs to be executed by the CPU, and program data.
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The program stored in the memory is read and executed by
the CPU at, for example, the time of activation of the
imaging device 960. By executing the program, the CPU
controls the operation of the imaging device 960
according to, for example, an operation signal input from
the user interface 971.

[0358]

The user interface 971 is connected to the control
unit 970. The user interface 971 has, for example,
buttons and switches which a user uses to operate the
imaging device 960. The user interface 971 detects a
user's operation through these components, generates an
operation signal and outputs the generated operation
signal to the control unit 970.

[0359]

In the imaging device 960 having the structure, the
image processing unit 964 has functions of the image
encoding device and the image decoding device according
to the above embodiments. By this means, upon encoding
and decoding of images in the imaging device 960, it is
possible to accurately reproduce a dynamic range of an
image.

[0360]

It should be noted that embodiments of the present
technique are not limited to the above described
embodiments, and various modifications may be made to
them without departing from the scope of the present
technique.

[0361]
For example, the display contrel unit 55 and the

display unit 56 in Fig. 19 may be provided outside the
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decoding device 50.
[0362]

Further, the present technique can employ a
configuration of cloud computing which shares one
function among a plurality of devices through a network
and performs an operation in collaboration.

[0363]

Furthermore, each step described in the above
flowchart can be executed by one device or be shared
among a plurality of devices and executed.

[0364]

Still further, when one step includes a plurality
of operations, a plurality of operations included in this
one step can be executed by one device or shared among a
plurality of devices and executed.

[0365]

In addition, an example has been described in this
description where various pieces of information such as
characteristics information of a dynamic range are
multiplexed on with encoded stream, and are transmitted
from an encoding side to a decoding side. However, a
method of transmitting these pieces of information is not
limited to this example. For example, these pieces of
information may be transmitted or recorded as different
data associated with an encoded bit stream without being
multiplexed with the encoded bit stream. Meanwhile, the
term "assoclate" means linking an image (or part of an
image such as a slice or a block) included in a bit
stream or information associated with this image at the
time of decoding. That is, the information may be

transmitted on a transmission channel different from that
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of an image (or a bit stream). Further, information may
be recorded in a recording medium (or another recording
area of a single recording medium) different from that of
an image (or a bit stream). Furthermore, information and
an image (or a bit stream) may be associated with each
other in arbitrary units such as a plurality of frames,
one frame or a portion in a frame.

[0366]

Still further, in the present embodiment, a flag is
not limited to either-or such as a presence or an absence
(0 or 1), and includes information which enables
identification of a specific item from a plurality of
options.

[0367]

Although suitable embodiments of the present
disclosure have been described in detail with reference
to the accompanying drawings, the present disclosure is
not limited to these examples. Obviously, one who has
common knowledge in a field of a technique to which the
present disclosure belongs can arrive at various
modification examples and correction examples within a
scope of a technical idea described in the claims, and
these examples naturally belong to the technical scope of
the present disclosure.

[0368]

In addition, the present technique can also employ
the following structure.

(1) An image processing device which has: an
encoding unit which performs an encoding operation on an
image and generates a bit stream;

a setting unit which sets dynamic range
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characteristics information which indicates
characteristics of a dynamic range to be assigned to a
developed image, to a captured image; and

a transmitting unit which transmits the bit stream
generated by the encoding unit and the dynamic range
characteristics information set by the setting unit.

(2) The image processing device described in above
(1), wherein the setting unit sets code information which
indicates a code of the dynamic range to be assigned to
the developed image, to the captured image as the dynamic
range characteristics information.

(3) The image processing device described in above
(1) or (2), wherein the setting unit sets code
information which indicates the code to be assigned to
the developed image, to a white level of the captured
image as the dynamic range characteristics information.

(4) The image processing device described in any
one of above (1) through (3), wherein the setting unit
sets white level code information which indicates the
code to be assigned to the developed image, to the white
level of the captured image as the dynamic range
characteristics information.

(5) The image processing device described in any
one of above (1) through (4), wherein the setting unit
sets maximum white level code information which indicates
a maximum value of the code to be assigned to a white
level of the developed image, as the dynamic range
characteristics information.

(6) The image processing device described in any
one of above (1) through (5), wherein the setting unit

sets black level code information which indicates a code
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of a black level of the developed image, as the dynamic
range characteristics information.

(7) The image processing device described in any
one of above (1) through (6), wherein the setting unit
sets gray level code information which indicates a code
of a gray level of the developed image, as the dynamic
range characteristics information.

(8) The image processing device described in any
one of above (1) through (7), wherein the setting unit
sets maximum white level information which indicates a
maximum value of a white level of the captured image, as
the dynamic range characteristics information.

(9) The image processing device described in any
one of above (1) through (8), wherein the setting unit
sets information which indicates a range of luminance of
a region of interest of an image obtained by performing a
decoding operation on the bit stream as the dynamic range
characteristics information.

(10) The image processing device described in any
one of above (1) through (9), wherein the setting unit
sets information which indicates a position and an offset
of a region of interest of an image obtained by
performing a decoding operation on the bit stream as the
dynamic range characteristics information.

(11) The image processing device described in any
one of above (1) through (10), wherein the transmitting
unit transmits the dynamic range characteristics
information as auxiliary information used to display the
image obtained by performing the decoding operation on
the bit stream.

(12) The image processing device described in any
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one of above (1) through (10), wherein the transmitting
unit transmits the dynamic range characteristics
information as extended auxiliary information obtained by
extending existing auxiliary information.

(13) The image processing device described in any
one of above (1) through (10), wherein the transmitting
unit transmits the dynamic range characteristics
information as tone mapping information SEI (Supplemental
enhancement information).

(14) The image processing device described in any
one of above (1) through (10), wherein the transmitting
unit extends model id used to transmit the dynamic range
characteristics information by targeting at the
tone mapping information SEI, and transmits the dynamic
range characteristics information as SEI.

(15) The image processing device described in any
one of above (1) through (10), wherein the transmitting
unit transmits the dynamic range characteristics
information as VUI (Video Usability Information) which
indicates usability of the image by a sequence.

{(16) The image processing device described in any
one of above (1) through (15), wherein the encoding unit
performs the encoding operation on the image according to
an encoding technique compliant with AVC/H.264.

(17) An image processing method including:

performing an encoding operation on an image and
generating a bit stream;

setting dynamic range characteristics information
which indicates characteristics of a dynamic range to be
assigned to a developed image, to a captured image; and

transmitting the generated bit stream and the set
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dynamic range characteristics information.

(18) An image processing device which has: a
receiving unit which receives a bit stream and dynamic
range characteristics information which indicates
characteristics of a dynamic range of an image obtained
by performing a decoding operation on the bit stream;

a decoding unit which performs a decoding operation
on the bit stream received by the receiving unit and
generates an image; and

an image adjusting unit which uses the dynamic
range characteristics information received by the
receiving unit, and adjusts the dynamic range of the
image generated by the decoding unit.

(19) The image processing device described in above
(18), which further has a receiving unit which receives
the bit stream and the dynamic range characteristics
information, and

the decoding unit performs the decoding operation
on the bit stream received by the receiving unit, and

the image adjusting unit uses the dynamic range
characteristics information received by the receiving
unit, and adjusts the dynamic range of the image
generated by the decoding unit.

(20) An image processing method including:

receiving a bit stream and dynamic range
characteristics information which indicates
characteristics of a dynamic range of an image obtained
by performing a decoding operation on the bit stream;

performing a decoding operation of the received bit
stream and generating an image; and

using the received dynamic range characteristics

100



CA 02875199 2014-11-28

101
SP348573W000

information, and adjusting the dynamic range of the

generated image.

REFERENCE SIGNS LIST

[0369]

1 Encoding device

2 Enceding unit

3 Setting unit

4 Transmitting unit
50 Decoding device

51 Receiving unit

52 Demultiplexing unit
53 Decoding unit

54 Image adjusting unit
55 Display control unit
56 Display unit

201 Encoding device

211 Encoding unit

251 Decoding device

261 Decoding unit
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CLAIMS

An image processing device, comprising:
at least one processor configured to:

decode image data to produce decoded image data;

receive dynamic range characteristic information
associated with the image data, the dynamic range
characteristic information including maximum image
white level information indicating, as a percentage
relative to a reference white level, a dynamic range
of luminance of the image data at a time of capturing
the image data; and

adjust a dynamic range of the decoded image data
based upon the dynamic range characteristic
information, wherein

when the dynamic range characteristic information
indicates a dynamic range of the decoded image data
that is higher than a dynamic range of a display,
adjusting the dynamic range of the decoded image data
comprises decreasing the dynamic range using tone
mapping, and

when the dynamic range characteristic information
indicates a dynamic range of the decoded image data
that is lower than the dynamic range of the display,
adjusting the dynamic range of the decoded image data

comprises increasing the dynamic range using tone

mapping.

The image processing device of claim 1, wherein the

at least one processor is further configured to increase a
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dynamic range of the decoded image data to a dynamic range
of the image data based upon the dynamic range

characteristic information.

3. The image processing device of claim 1, wherein the
dynamic range characteristic information further includes
maximum image white level code value information
identifying a luminance code value of a maximum white

level.

4. The image processing device of claim 1, wherein the
dynamic range characteristic information further includes
white level code value information identifying a luminance

code value of a white level.

5. The image processing device of claim 4, wherein the
white level code value information identifies a plurality

of luminance code values of a plurality of white levels.

6. The image processing device of claim 1, wherein the
dynamic range characteristic information further includes
black level code value information identifying a luminance

code value of a black level.

7. The image processing device of claim 1, wherein the
dynamic range characteristic information identifies a
luminance code value associated with luminance of the image
data, the luminance code value being in a range between 0

and 1023.

8. An image processing device, comprising:
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at least one processor configured to:

encode image data to produce encoded image data;
and

provide dynamic range characteristic information
associated with the image data, the dynamic range
characteristic information including maximum image
white level information indicating, as a percentage
relative to a reference white level, a dynamic range
of luminance of the image data at a time of capturing
the image data, and reference screen luminance
information indicating an assumed reference screen

white level used for an image production process.

9. The image processing device of claim 8, wherein the
dynamic range characteristic information further includes
maximum image white level code value information
identifying a luminance code value of a maximum white

level.

10. The image processing device of claim 8, wherein the
dynamic range characteristic information further includes
white level code value information identifying a luminance

code value of a white level.

11. The image processing device of claim 10, wherein the
white level code value information identifies a plurality

of luminance code values of a plurality of white levels.

12. The image processing device of claim 8, wherein the
dynamic range characteristic information further includes

black level code value information identifying a luminance
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code value of a black level.

13. The image processing device of claim 8, wherein the
dynamic range characteristic information identifies a
luminance code value associated with luminance of the image
data, the luminance code value being in a range between 0

and 1023.

14. At least one computer readable storage medium having
stored thereon instructions, which, when executed by at
least one processor, perform an image processing method,
the method comprising:
decoding 1image data to produce decoded image
data:
receiving dynamic range characteristic
information associated with the image data, the
dynamic range characteristic information including
maximum image white level information indicating, as a
percentage relative to a reference white level, a
dynamic range of luminance of the image data at a time
of capturing the image data; and
adjusting a dynamic range of the decoded image
data based wupon the dynamic range characteristic
information, wherein
when the dynamic range characteristic information
indicates a dynamic range of the decoded image data
that is higher than a dynamic range of a display,
adjusting the dynamic range of the decoded image data
comprises decreasing the dynamic range using tone

mapping, and
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when the dynamic range characteristic information
indicates a dynamic range of the decoded image data
that is lower than the dynamic range of the display,
adjusting the dynamic range of the decoded image data

comprises increasing the dynamic range using tone

mapping.

15. The at least one computer readable storage medium of
claim 14, wherein the method further comprises increasing a
dynamic range of the decoded image data to a dynamic range
of the image data based upon the dynamic range

characteristic information.

16. The at least one computer readable storage medium of
claim 14, wherein the dynamic range characteristic
information further includes maximum image white level code
value information identifying a luminance code value of a

maximum white level.

17. The at least one computer readable storage medium of
claim 14, wherein the dynamic range characteristic
information further includes white level code value
information identifying a luminance code value of a white

level.

18. The at least one computer readable storage medium of
claim 17, wherein the white level code wvalue information
identifies a plurality of luminance code values of a

plurality of white levels.

19. The at least one computer readable storage medium of
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claim 14, wherein the dynamic range characteristic
information further includes Dblack level code value
information identifying a luminance code value of a black

level.

20. The at least one computer readable storage medium of
claim 14, wherein the dynamic range characteristic
information identifies a luminance code value associated
with luminance of the image data, the luminance code value

being in a range between 0 and 1023.

21. At least one computer readable storage medium having
stored thereon image data and dynamic range characteristic
information associated with the image data, which, when the
image data 1is decoded by at least one processor, 1is
processed by the at least one processor to adjust a dynamic
range of the decoded image data, the dynamic range
characteristic information comprising:
maximum image white level information indicating,
as a percentage relative to a reference white level, a
dynamic range of luminance of the image data at a time
of capturing the image data, wherein
when the dynamic range characteristic information
indicates a dynamic range of the decoded image data
that is higher than a dynamic range of a display,
adjusting the dynamic range of the decoded image data
comprises decreasing the dynamic range using tone
mapping, and
when the dynamic range characteristic information

indicates a dynamic range of the decoded image data
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that is lower than the dynamic range of the display,
adjusting the dynamic range of the decoded image data

comprises increasing the dynamic range using tone

mapping.

22. The at least one computer readable storage medium of
claim 213, wherein the dynamic range characteristic
information further includes maximum image white level code
value information identifying a luminance code value of a

maximum white level.

23. The at least one computer readable storage medium of
claim 21, wherein the dynamic range characteristic
information further includes white level code value
information identifying a luminance code value of a white

level.

24, The at least one computer readable storage medium of
claim 23, wherein the white level code value information
identifies a plurality of luminance code values of a

plurality of white levels.

25. The at least one computer readable storage medium of
claim 21, wherein the dynamic range characteristic
information further includes Dblack level code value
information identifying a luminance code value of a black

level.

26. The at least one computer readable storage medium of
claim 21, wherein the dynamic range characteristic

information identifies a luminance code value associated
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with luminance of the image data, the luminance code value

being in a range between 0 and 1023.

27.

An image processing device, comprising:

at least one processor configured to:

decode image data encoded in compliance with HEVC

to produce decoded image data;

receive dynamic range characteristic information
associated with the encoded image data, the dynamic
range characteristic information including camera 1iso
sensitivity information indicating, as a percentage
relative to a reference white level, a dynamic range
of luminance of the encoded image data, wherein the
percentage 1is greater than 100%, the camera 1iso
sensitivity information indicating camera sensitivity
at the time of capturing of an image, the dynamic
range characteristic information also including
reference screen luminance information indicating a
reference screen white level setting of the encoded
image data, the reference screen white level setting
being used for an image production process and having

units of candela per square meter; and

adjust a dynamic range of the decoded image data

based upon the dynamic range characteristic
information,
wherein the dynamic range characteristic

information 1is tone mapping information defined in

HEVC.
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28. The image processing device of claim 27, wherein the
at least one processor is further configured to increase a
dynamic range of the decoded image data to a dynamic range
of the encoded image data based upon the dynamic range

characteristic information.

29. The image processing device of claim 27, wherein the
dynamic range characteristic information further includes
maximum image white level code value information
identifying a luminance code value of a maximum white

level.

30. The image processing device of claim 27, wherein the
dynamic range characteristic information further includes
white level code value information identifying a luminance

code value of a white level.

31. The image processing device of claim 30, wherein the
white level code value information identifies a plurality

of luminance code values of a plurality of white levels.

32. The image processing device of claim 27, wherein the
dynamic range characteristic information further includes
black level code value information identifying a luminance

code value of a black level.

33. The image processing device of claim 27, wherein the
dynamic range characteristic information identifies a
luminance code wvalue associated with luminance of the
encoded image data, the luminance code value being in a

range between 0 and 1023.
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34. At least one non-transitory computer readable storage
medium having stored thereon computer executable
instructions, which, when executed by at least one
processor, perform an image processing method, the method

comprising:

decoding image data encoded in compliance with

HEVC to produce decoded image data;

receiving dynamic range characteristic
information associated with the encoded image data,
the dynamic range characteristic information including
camera 1iso sensitivity information indicating, as a
percentage relative to a reference white level, a
dynamic range of luminance of the encoded image data,
wherein the percentage is greater than 100%, the
dynamic range characteristic information indicating
camera sensitivity at the time of capturing of an
image, the maximum image white level information also
including reference screen luminance information
indicating a reference screen white level setting of
the encoded image data, the reference screen white
level setting being wused for an image production
process and having units of candela per square meter;

and

adjusting a dynamic range of the decoded image
data based wupon the dynamic range characteristic

information,

wherein the dynamic range characteristic

information is tone mapping information defined in
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HEVC.

35. The at 1least one non-transitory computer readable
storage medium of claim 34, wherein the method further
comprises increasing a dynamic range of the decoded image
data to a dynamic range of the encoded image data based

upon the dynamic range characteristic information.

36. The at least one non-transitory computer readable
storage medium of claim 34, wherein the dynamic range
characteristic information further includes maximum image
white level code value information identifying a luminance

code value of a maximum white level.

37. The at least one non-transitory computer readable
storage medium of claim 34, wherein the dynamic range
characteristic information further includes white level
code value information identifying a luminance code value

of a white level.

38. The at least one non-transitory computer readable
storage medium of claim 37, wherein the white level code
value information identifies a plurality of luminance code

values of a plurality of white levels.

39. The at least one non-transitory computer readable
storage medium of claim 37, wherein the dynamic range
characteristic information further includes black level
code value information identifying a luminance code value

of a black level.
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40. The at least one non-transitory computer readable
storage medium of claim 37, wherein the dynamic range
characteristic information identifies a luminance code
value associated with luminance of the encoded image data,
the luminance code value being in a range between 0 and

1023.

41 . At least one non-transitory computer readable storage
medium having stored thereon image data encoded in
compliance with HEVC and dynamic range characteristic
information associated with the encoded image data, which,
when the encoded image data is decoded by at least one
processor, 1is processed by the at least one processor to
adjust a dynamic range of the encoded 1image data, the

dynamic range characteristic information comprising:

camera iso sensitivity information indicating, as
a percentage relative to a reference white level, a
dynamic range of luminance of the encoded image data,
wherein the percentage is greater than 100%, the
camera 1so sensitivity information indicating camera

sensitivity at the time of capturing of an image; and

reference screen luminance information of the
encoded image data, the reference screen white level
setting being used for an image production process and

having units of candela per square meter,

wherein the dynamic range characteristic
information is tone mapping information defined in

HEVC.
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42 . The at least one non-transitory computer readable
storage medium of claim 41, wherein the dynamic range
characteristic information further includes maximum image
white level code value information identifying a luminance

code value of a maximum white level.

43. The at least one non-transitory computer readable
storage medium of claim 41, wherein the dynamic range
characteristic information further includes white level
code value information identifying a luminance code value

of a white level.

44 The at least one non-transitory computer readable
storage medium of claim 43, wherein the white level code
value information identifies a plurality of luminance code

values of a plurality of white levels.

45. The at least one non-transitory computer readable
storage medium of claim 41, wherein the dynamic range
characteristic information further includes black level
code value information identifying a luminance code value

of a black level.

46. The at least one non-transitory computer readable
storage medium of claim 41, wherein the dynamic range
characteristic information identifies a luminance code
value associated with luminance of the encoded image data,
the luminance code value being in a range between 0 and

1023.

47. An image processing device, comprising:
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at least one processor configured to:

encode 1image data in compliance with HEVC to

produce encoded image data; and

provide dynamic range characteristic information
associated with the 1image data, the dynamic range

characteristic information including:

camera iso sensitivity information
indicating, as a percentage relative to a
reference white level, a dynamic range of

luminance of the encoded image data,

wherein the percentage is greater than 100%,
the camera iso sensitivity information indicating
camera sensitivity at the time of capturing of an

image,

wherein the dynamic range characteristic
information is tone mapping information defined

in HEVC.

48, The image processing device of claim 47, wherein the
dynamic range characteristic information further includes
maximum image white level code value information
identifying a luminance code value of a maximum white

level.

49, The image processing device of claim 47, wherein the
dynamic range characteristic information further includes
white level code value information identifying a luminance

code value of a white level.
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50. The image processing device of claim 49, wherein the
white level code value information identifies a plurality

of luminance code values of a plurality of white levels.

51. The image processing device of claim 47, wherein the
dynamic range characteristic information further includes
black level code value information identifying a luminance

code value of a black level.

52. The image processing device of claim 47, wherein the
dynamic range characteristic information identifies a
luminance code value associated with luminance of the image
data, the luminance code value being in a range between 0

and 1023.

53. An image processing device, comprising:
at least one processor configured to:

encode image data to produce encoded image data;

and

provide dynamic range characteristic information
associated with the 1image data, the dynamic range

characteristic information including:

maximum image white level information
indicating, as a percentage relative to a
reference white level, a dynamic range of

luminance of the encoded image data,

wherein the percentage is greater than or

equal to 100%,

white level code value information
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identifying a luminance code value of a white

level of the encoded image data, and

maximum white level code wvalue information

of the encoded image data,

wherein the maximum white level code value
information is greater than or equal to the white

level code value information, and

wherein the dynamic range characteristic

information is tone mapping information.

54. The image processing device of claim 53, wherein the
dynamic range characteristic information further includes
maximum image white level code value information
identifying a luminance code value of a maximum white

level.

55. The image processing device of claim 53, wherein the
white level code value information identifies a plurality

of luminance code values of a plurality of white levels.

56. The image processing device of claim 53, wherein the
dynamic range characteristic information further includes
black level code value information identifying a luminance

code value of a black level.

57. The image processing device of claim 53, wherein the
dynamic range characteristic information identifies a
luminance code value associated with luminance of the image
data, the luminance code value being in a range between 0

and 1023.
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58. The image processing device of claim 53, wherein the
dynamic range characteristic information is tone mapping

information SEI (Supplemental enhancement information).

59. The image processing device of claim 53, wherein the
image data is encoded in compliance with AVC (Advanced

Video Coding).

00. An image processing device, comprising:
at least one processor configured to:
decode image data to produce decoded image data;

acquire, when a flag indicating presence/absence
of dynamic range characteristic information associated
with the image data indicates the presence of dynamic
range characteristic information, the dynamic range
characteristic information including maximum image
white 1level information indicating, relative to a
white level created assuming a white content in units
of cd/m?, a dynamic range of luminance of the image
data and reference display information indicating a

reference display luminance of a white level; and

adjust a dynamic range of the decoded image data

based upon the dynamic range characteristic
information.
6l. The image processing device of claim 60, wherein the

white level code value information identifies a plurality

of luminance code values of a plurality of white levels.

62. The image processing device of claim 60, wherein the
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dynamic range characteristic information further includes
black level code value information identifying a luminance

code value of a black level.

63. The image processing device of claim 60, wherein the
dynamic range characteristic information identifies a
luminance code value associated with luminance of the
encoded 1image data, the luminance code value being in a

range between 0 and 1023.

64 . The image processing device of claim 60, wherein the
dynamic range characteristics information is tone mapping

information SEI (Supplemental enhancement information).

65. The image processing device of claim 60, wherein the
dynamic range characteristics information is alternative

characteristics information of dynamic range.

66. The image processing device of claim 60, wherein the
dynamic range characteristic information further includes
maximum image white level code value information
identifying a luminance code value of a maximum white

level.
o7. An image processing device, comprising:

at least one processor configured to:

encode image data to produce encoded image data;

and

provide, when a flag indicating presence/absence

of dynamic range characteristic information associated
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with the image data indicates the presence of dynamic
range characteristic information, the dynamic range
characteristic information including maximum image
white 1level information indicating, relative to a
white level created assuming a white content in units
of cd/m?, a dynamic range of luminance of the image
data and reference display information indicating a

reference display luminance of a white level.

68. The image processing device of claim 67, wherein the
white level code value information identifies a plurality

of luminance code values of a plurality of white levels.

69. The image processing device of claim 67, wherein the
dynamic range characteristic information further includes
black level code value information identifying a luminance

code value of a black level.

70. The image processing device of claim 67, wherein the
dynamic range characteristic information identifies a
luminance code wvalue associated with luminance of the
encoded image data, the luminance code value being in a

range between 0 and 1023.

71. The image processing device of claim 67, wherein the
dynamic range characteristics information is tone mapping

information SEI (Supplemental enhancement information).

2. The image processing device of claim 67, wherein the
dynamic range characteristics information 1is alternative

characteristics information of dynamic range.
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73. The image processing device of claim 67, wherein the
dynamic range characteristic information further includes
maximum image white level code value information
identifying a luminance code value of a maximum white

5 level.

74. An image processing device, comprising:
at least one processor configured to:
decode image data to produce decoded image data;

acquire, when a flag indicating presence/absence

10 of dynamic range characteristic information associated
with the image data indicates the presence of dynamic

range characteristic information, the dynamic range
characteristic information including maximum image

white level information indicating a content in units

15 of cd/m?; and

adjust a dynamic range of the decoded image data
based upon the dynamic range characteristic

information.

75. An image processing device, comprising:

20 at least one processor configured to:

decode image data to produce decoded image data;

receive dynamic range characteristic information

associated with the image data,

the dynamic range characteristic information
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including information which indicates a range of luminance
of a region of interest of an image obtained by performing
a decoding operation, maximum image white level information
indicating, as a percentage relative to a reference screen
white level setting, a dynamic range of luminance of the
image data, a corresponding maximum image white level code
value information identifying a luminance code value of a
maximum image white level information assigned to a
developed image, reference screen luminance information
indicating a reference screen white 1level setting to be
used in an image development process and having units of
candela per square meter, and a white level code value
information identifying a luminance code value of the

reference screen white level setting; and

when the dynamic range characteristic information
indicates a dynamic range of the decoded image data in the
region of interest that is higher than a dynamic range of a
display, decreasing the dynamic range of the decoded image
data in the region of interest to the display dynamic range
using tone mapping based on the received dynamic range

characteristic information; and

wherein the image data is encoded in compliance with

HEVC, and

the dynamic range characteristic information is
included in one of extended tone mapping supplemental

enhancement information and video usability information.

76. The image processing device of claim 75, wherein the
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at least one processor is further configured to increase a
dynamic range of the decoded image data to a dynamic range
of the image data based upon the dynamic range

characteristic information.

7. The image processing device of claim 75, wherein the
white level code value information identifies a plurality

of luminance code values of a plurality of white levels.

78. The image processing device of claim 75, wherein the
dynamic range characteristic information further includes
black level code value information identifying a luminance

code value of a black level.

79. An image processing method, the method comprising:

decoding image data to produce decoded image data;

receiving dynamic range characteristic information
associated with the image data, the dynamic range
characteristic information including information which
indicates a range of luminance of a region of interest of
an 1image obtained by performing a decoding operation,
maximum image white level information indicating, as a
percentage relative to a reference screen white level
setting, a dynamic range of luminance of the image data, a
corresponding maximum image white level code value
information identifying a luminance code value of a maximum
image white level information assigned to a developed
image, reference screen luminance information indicating a

reference screen white level setting to be used in an image
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development process and having units of candela per square
meter, and a white level code value information identifying
a luminance code value of the reference screen white level

setting; and

when the dynamic range characteristic information
indicates a dynamic range of the decoded image data in the
region of interest that is higher than a dynamic range of a
display, decreasing the dynamic range of the decoded image
data in the region of interest to a display dynamic range
using tone mapping based on the received dynamic range

characteristic information; and

wherein the image data is encoded in compliance with

HEVC, and

the dynamic range characteristic information is
included in one of extended tone mapping supplemental

enhancement information and video usability information.

80. The method of claim 79, wherein the method further
comprises increasing a dynamic range of the decoded image
data to a dynamic range of the image data based upon the

dynamic range characteristic information.

81. The method of claim 79, wherein the white level code
value information identifies a plurality of luminance code

values of a plurality of white levels.

82. The method of claim 79, wherein the dynamic range

characteristic information further includes black level
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code value information identifying a luminance code value

of a black level.

83. The method of claim 79, wherein the dynamic range
characteristic information identifies a luminance code
value associated with Iuminance of the image data, the

luminance code value being in a range between 0 and 1023.

84 . At least one non-transitory computer readable storage
medium having stored thereon instructions, which, when
executed by at 1least one processor, perform a method

according to any one of claims 79 to 83.
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sei...payload(payloadType. payloadSize) {

Descriptor

if (payloadType ==0)

buffering period (payloadSize)

else if(payloadType==1)

pic timing (payloadSize)

else if(payloadlype==2)

pen scan...rect (payloadSize)

else if(payloadlype==13)

filler_payload(payloadSize)

else if(payloadType==4)

user data registered itu t t35(payloadSize)

else if(payloadType==5)

user data unregistered(payloadSize)

else if (payloadType==6)

recovery point (payloadSize)

else if(payloadlype==9)

scene_into (payloadSize)

else if(payloadType==15)

full...frame...snapshot (payloadSize)

else if(payloadType==16)

progressive refinement segment start (payloadSize)

else if(payloadType==17)

progressive refinement segment end(payloadSize)

else if(payloadType==19)

film...grain...characteristics(payloadSize)

else if(payloadType==20)

deblocking...filter..display...preference (payloadSize)

else if(payloadlype==22)

post filter hint (payloadSize)

else if(pavioadType==23)

tone mapping info(payloadSize)

else 1f(payloadlype==45)

frame packing arrangement (payloadSize)

else if(payloadType==47)

display_orientation(payloadSize)

else if(payloadType==128)

sop description(payloadSize)

else if(payloadType==129)

field indication(payloadSize)

else if(payloadType==130)

decoded picture hash(payloadSize)

else

reserved sei message (payloadSize)

if(Ibyte aligned() |

bit...equal..to..one/*equal to 1%/

while(!byte aligned())

bit equal to zero/*equal to 0*/

]

]
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FIG. 2
tone_mapping_info(payloadSize) | C Descriptor
tone_map_id 5 ue (v)
tone_map_cance| flag ) u(1)
if(1tone map cancel flag) |
tone map repetition period 5 ue (v)
coded_data _bit_depth 5 u(8)
target_bit_depth 5 u(8)
model_id 5 ue (v)
if (model 1d==0) {
min value 5 u(32)
max_value 5 u(32)
}
if (model id==1) |
sigmoid midpoint 5 u(32)
sigmoid width 5 u(32)
J
if (model_id==2) {
for (i=0:i<(1<{<target_bit_depth);i++)
start of coded intervalli] 5 u(v)
if (model id==3) |
num_pivots 5 u(16)
for (i=0:i <num_pivots;i++) {
coded_pivot valueli] 5 u(v)
target pivot value[i] 5 u(v)
]
)
J
J
FIG. 3
2 3 4
! ! )
ENCODING SETTING TRANSMITTING
— UNIT UNIT UNIT o
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FIG. 8
tone_mapping_info(payloadSize) { Descr iptor
tone_map_id ue (v)
tone_map_cance!_flag u(1)
if (1tone_map_cancel flag) |
tone_map_repetition_period ue (v)
coded_data_bit_depth u(8)
target_bit_depth u(8)
model|_id ue (v)
if (model _id==0) {
min_value u(32)
max_value u(32)
}
if (nodel _id==1) |
sigmoid midpoint (32)
sigmoid_width (32)
}
if (model id==2) {
for (i=0:i< (1<{<target_bit depth) :i++)
start_of coded interval[i] u(v)
i f (mode! _id==3) {
hum_pivots u(16)
for (i=0:i<num_pivots:i++) |
coded_pivot_valuelil u(v)
} target pivot_value[il u(v)
if (model id==4) {
camera_iso_sensitivity TBD
output_exposure_index TBD

e s i

D

[ e it vl

/TBEV/////

BT el I// LAY

WA,

s eI s st 00000

wy

/42§§?’,/’max/wh|te/PeveI/bode/VaIue/§2§§2§§2?//4§§?/ A

1802

]

J




CA 02875199 2014-11-28

SP348573

8/36
FIG. 9
tone_mapping_info(payloadSize) { Descriptor
tone_map_id ue (v)
tone_map_cancel_flag u(l)
if (1tone_map_cancel_flag) {
tone_map_repetition_period ue (v)
coded_data_bit_depth u(8)
target_bit_depth u(8)
model_id ue (v)
if (mode!l_id==0) {
min_value u(32)
max_value u(32)
J
if (model _id==1) {
sigmoid_midpoint u(32)
sigmoid_width u(32)
J
if (model id==2)
for (i=0:i<(1<{<target_bit_depth) :i++)
start of coded interval[i] uv)
if (model _id==3) {
num_pivots u(16)
for (i=0:1<num_pivots: i++) |
coded_pivot_valueli] u(v)
target_pivot_valus[i] u(v)
|
if (model id==4) |
camera_iso_sensitivity_idec u(8)
If (camera_iso_sensitivity_idc==Extended_TS0O)
camera_iso_sensitivity u(v)
exposure_index_idc u(8)
If (exposure_index_idc==Extended_TS0)
exposure_index_rating u(v)
sign_image exposure value u(1)
image_exposurse_value0 u(v)
image_exposure_valuel u(v)
L ietuseredn/] W///////////////////////////z &y
7wk mage/whlte/ level 7/ 0 ey
7R eI ebde a0 Ny
AR I bdeidls e )
e WRike LeNel&8de ialie /L /L v Ry
J
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FIG. 10
Indicator ISO number
0 Unspecified
i 10
31-254 Reserved
255 Extended SO
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FIG. 14

vui_parameters () { Descriptor
aspect_ratio_info_present_flag u(1)
neutral _chroma_indication_flag u(1)
field_indication_presence_flag u(1)

tone_mapping_flag u(1)

i f (tone_mapping_flag) |

camera_iso_sensitivity_idc u(8)
if (camera_iso_sensitivity==Extended_IS0)
camera_iso_sensitivity u(v)
exposure_index_idc u(8)
i f (exposure_index_idc==Extended_ISO)
exposure_index_rating u(v)
sign_image_exposure_value u(l)
image_exposure_value0 u(v)
image_exposure_valuel u(v)
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FIG. 15

xxxxx () { Descriptor
camera_iso_sensitivity_idc u(8)
if (camera_iso_sensitivity==Extended_ISO)
camera_iso_sensitivity u(v)
exposure_index_idc u(8)
i f (exposure_index_idc==Extended_IS0)
exposure_index_rating u(v)
sign_image_exposure_value u(1)
image_exposure_value0 u(v)
image_exposure_valuel u(v)
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if(roi_luminance_range_flag)
min_roi_luminance_range
max_roi_luminanhce_range

roi_region_x
roi_region_y
roi_region_x_offset
roi_region_y_offset
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FIG. 21
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