[DESCRIPTICN]

[Title]

DECODING DEVICE AND DECODING METHCD, AND CODING DEVICE AND
CODING METHOD

[CROSS REFERENCE TO RELATED APPLICATIONS]

[0001]

This application claims the benefit of Japanese Priority Patent
Appliication JP 2013-215060 filed October 15, 2013, Japanese
Priority Patent Application JP 2013-272945 filed December 27,
2013, and Japanese Pricority Patent Application JP 2014-042174
filed March 4, 2014, the entire contents of each of which are
incorporated herein by reference.

[Technical Field]

[000z]

The present disclosure relates to a decoding device and a
daecoding method, and a coding device and a coding method, and
particularly to a decoding device and a decoding method, and
a coding device and a coding method capable of converting a
decoded image into a desired image with & different dynamic
range.

[Background Art]

(00037

In recent years, apparatuses which conform to a method such as
Moving Picture Experts Group (MPEG) have been widely spread for
both of information delivery in broadcasting stations or the
like and information reception in cordinary homes. MPEG
compresses the image information through orthogonal transform
such as discrete cosine transform and motion compensation by
using redundancy unique to the image informatiocon.

[00047

Particularly, an MPEGZ {(I30/IEC 13818-2) method is defined as
a general use lmage coding method, and is currently widely used
in extensive applications for professional use and consumer use
as a standard covering both an interlaced scanning image and
a progregsive scanning image, and a standard resolution image

and a high definition image. By the use of the MPEGZ method,



it is possible torealize a high compression ratio and good image
quality, for example, by assigning a bit rate of 4 Mbps to 8
Mbps to an interlaced scanning image of a standard resolution
having 720x480 pixels and assigning a bit rate of 18 Mbps to
22 Mbps to an interlaced scanning image of a high resolution
having 1920x1088 pixels.

[0005]

MPEGZ has mainly targeted high image guality coding suitable
for breoadcasting, but has not handled a coding method at a bit
rate lower than that in MPEGl, that is, at a higher compression
ratio. With the wide use of portable terminals, the desire for
such a coding method has been considered to increase, and thus
an MPEG4 coding method has been standardized so as to correspond
thereto. 1In relation to an image coding method of MPEG4, a
standard therecof was approved as an international standard
gntitled ISO/TIEC 14426~2 in December 1998.

[0006]

In addition, in recent years, standardization of a standard
called H.26L (ITU-T Q6&6/16 VCEG) has progressed for the original
purpose cof image coding for video conference use. H.Z6L uses
a larger calculation amount due to coding and decoding than the
coding method cf the related art such as MPEG2Z cor MPEG4, but
is known for realizing higher coding efficiency.

[0007]

Further, as part of activitlies of MPEG4, Joint Model of
Enhanced-Compression Video Coding is currently being
standardized 1n order to realize higher coding efficliency by
also incorporating functions which are not supported by H.261L,
on the basis of H.26L. Az for the standardizaticn schedule
therecof, the coding method has become an international standard
under the name of H.26L and MPEG-4 Part 10 {{Advanced Videco
Coding {AVC)) in March 2003.

[0008)]

In addition, as an extension of the AVC method, Fidelity Range
Extension (FRExt) which includes coding tools for use in

business such as RGB cr YUS422 and YUV444 and also includes 8x8



DCT or quantization matrix defined in MPEGZ was standardized
in February 2005. This realizes a coding method in which even
film noise included in a movie can be faverably expressed by
using the AVC method, and thus leads to use for various
applications such as a Blu-Ray (registered trademark) disc
(BD) .

[0009]

However, recently, there have been increasing demands for
higher compression ratio coding, such as a demand for
compressicn of an image with about 4000xZ000 pixels which is
four times the size of a high-vision image or a demand for
delivery of a high-vision image in limited transmission
capacity circumstances such as the Internet. For this reason,
study of improvement of coding efficiency is being currently
performed in Video Coding Bxpert Group (VCEG) affiliated Lo the
above ITU-T.

(0010}

In addition, currently, for the purpose of improvement in higher
coding efficiency than that of AVC, standardization of a coding
method called High Efficiency Video Coding (HEVC) is inprogress
by Joint Collaboration Team~Video Coding (JCTVC) which is a
joint standardization corganization of ITU-T and ISO/IEC. NPL
! has been currently published as a draft in August 2013.
[0011]

Meanwhile, recently, with the progress of techniques, & high
dynamic range (HDR) display with the maximum luminance of 500
nit or 1000 nit has been started toc be scld on the market.
(00127

In & case where a standard dynamic range {(3SDR) display and an
HDR display are mixed, it is necessary to encode each of an SDR
image and an HDR image in the AVC method or the HEVC method,
and thus a data amount increases. Therefore, a method is
considered in which one of the SDR image and the HDR image is
coded, and then a dynamic range 1s converted after decoding 1s
performed as necessary, thereby generating the other.
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[Summary]

{Technical Problem]

(0014

However, conversion into an image which is intended by a
producer is not considered when conversion of a dynamic range
is converted.

[0015]

It is desirable to convert a decoded image into a desired image
with a different dynamic range.

[Solution to Problem]

[0016]

According to an embodiment of the present disclosure, there is
provided a decoding device including: circuitry configured to
receive coded data and conversion information, the coded data
pertaining to an image having luminance in a first dynamic range
and the conversiocn informaticn pertaining to a conversion of
dynamic range of the luminance of the image from the first
dynamic range into a second dynamic range; and decode the
received coded data so as to generate the image, wherein the
conversion uses a knee function.

A decoding method of causing a decoding device to perform:
receiving coded data and conversion information, the coded data
pertaining to an image having luminance in a first dynamic range
and the conversion information pertaining to a conversion of
dynamic range of the luminance cf the image from the first
dynamic range into a second dynamic range; and decoding the
received coded data so as to generate the image, wherein the
conversion uses a knee function.

A coding device including: circultry configured toc set

conversion information pertaining to a cenversion of dynamic



range of a luminance of an image from a first dynamic range into
a second dynamic range; and code the image having luminance in
the first dynamic range so as to gensrate coded data, wherein
the conversion uses a knee function.

A non-transitory computer-readable medium having stored
thereon coded data and conversion information, the coded data
pertaining to an image having luminance in a first dynamic range
and the conversion information pertaining to a conversion of
dynamic range of the luminance of the image from the first
dynamic range into a second dynamic range, wherein a decoding
device deccdes coded data, generates the image based on the
decoded data, and converts the dynamic range based on the
conversion information including a knee point.

According to an embodiment of the present disclosure, there is
provided a decoding device including an extraction unit that
extracts coded data and conversion information from a coded
stream including the coded data of a first image which is an
image having luminance in a first dynamic range and the
conversion information regarding conversion of a dynamic range
of the luminance of the image from the first dynamic range into
a second dynamic range; and a decoding unit that decodes the
coded data extracted by the extraction unit so as to generate
the first image.

[0017]

A decoding method according te an embodiment of the present
disclosure corresponds to the decoding device according to the
embodiment of the present discliosure.

io018]

According to an embodiment of the present disclosure, coded data
and conversion information are extracted from a coded stream
including the codeddataofa first image which is an image having
luminance in a first dynamic range and the conversion
information which is information regarding conversion of a
dynamic range of the luminance of the image from the first
dynamic range into a second dynamic range, and the extracted

coded data is deccded so that the first image 1s generated.



[0019]

According to another embodiment of the present disclosure,
there iz provided a coding device including a setting unit that
sets conversion information which is information regarding
conversion of a dynamic range of luminance of an image from a
first dynamic range into a second dynamic range; a coding unit
that codes a first image which is the image having luminance
in the first dynamic range so as to generate coded data; and
a transmissicn unit that transnits a coded stream including the
conversion information set by the setting unit and the coded
data of the first image generated by the coding unit.

[0020]

A coding method of ancther embodiment of the present disclosure
corresponds to the coding device according to another
embodiment of the present disclosure.

[0021]

According toc an embodiment of the present disclosure,
conversion information is set which is information regarding
conversion of a dynamic range of luminance of an image from a
first dynamic range into a second dynamic range, a first image
which is the image having luminance in the first dynamic range
is coded sc¢ that coded data is generated, and a coded stream
including the conversion information and the coded data of the
first image 1is transmitted.

[C022]

In addition, the decodingdevice and the coding device according
to the embodiments may be implemented by executing a program
in a computer.

[0023]

Further, the program executed in the computer in order to
implement the deccding device and the coding device according
to an embodiment may be provided by transmitting the program
via a transmission medium or by recording the program on a
recording medium,.

(0024}

The dececding device and the coding device according to



embodiments may be standalcne devices, and may be an internal
block forming a single apparatus.

[Advantagecus Effects of Invention]

[CO25]

According to an embodiment of the present disclosure, 1t is
possible to decode coded data of an image. In addition,
according to the embodiment cf the present disclosure, 1t is
possible to convert a decoded image into a desired image with
a different dynamic range.

[0026]

According to another embodiment of the present disclosure, 1t
iz possible to code an image. In addition, according to ancother
embodiment of the present disclosure, it 1s possible to code
an image so that a decoded image can be converted into a desired
image with a different dynamic range during decoding.

(0027}

In addition, the effects described here are not necessarily
limited, and there may be any one of effects described in the
present disclosure.

[Brief Description of Drawings]

[00zg]

[Fig. 1]

Fig. 1 is a diagram illustrating an SDR image.

[Fig. 2]

Fig. 2 1s a diagram illustrating an HDR image.

{Fig. 3]

Fig. 3 1s a diagram illustrating an overview of coding in an
embodiment of the present disclicsure.

{Fig. 4]

Fig. 4 is a diagram illustrating an overview of decoding in an
embodiment of the present disclosure.

[Fig. 5]

Fig. 5 1s a diagram illustrating knee decompression.

[Fig. 6]

Fig. 6 is a block diagram illustrating a configuration example

of an embodiment c¢f a coding device to which the present



disclosure is applied.

[Fig. 7]

Fig. 7 1s a diagram illustrating an example of syntax of
knee function info SEI.

[Fig. 8]

Fig. 8 is a dlagram illustrating each piece of information set
in the knee function info BEI of Fig. 7.

[Fig. 9]

Fig. 9 is a diagram illustrating an example of conversion
information set in the knee function info SEI.

[Fig. 10]

Fig. 10 is a diagram illustrating an example of conversion
information set in the knee function info SEI.

[Fig. 11}

Fig. 11 is a flowchart illustrating a stream generatlion process
performed by the coding device.

[Fig. 12]

Fig. 12 is a block diagram illustrating a configuration example
of an embodiment of a decoding device to which the present
disclosure is applied.

[Fig. 13]

Fig. 13 is a flowchart illustrating an image generation process
performed by the decoding device of Fig. 12.

[Fig. 14]

Fig. 14 is a diagram 1llustrating ancther example of syntax of
the knee function info SEI.

[Fig. 15]

Fig. 15 is a diagram 1llustrating each piece of informatiocon set
in the knee function info SEI of Fig. 14.

(Fig. 18]

Fig. 16 is a block diagram 11llustrating a configuration example
of a first embodiment of a ceding device to which an embodiment
of the present disclosure 1s applied.

[Fig. 171

Fig. 17 is a diagram illustrating a first example of syntax of

knee function info SEI set by a setting unit of Fig. 16.



[Fig. 18]

Fig. 18 is a diagram illustrating each piece of information set
in the knee function info SEI of Fig. 17.

[Fig. 19]

Fig. 19 is a diagram illustrating an example of DR conversion
information of Fig. 17.

[Fig. 20]

Fig. 20 is a diagram illustrating an example of DR conversion
information of Fig. 17.

[Fig. 21]

Fig. 21 is a flowchart illustrating a stream generation process
performed by the coding device of Fig. 1e6.

[Fig. 22]

Fig. 22 is a block diagram illustrating a configuration example
of a second embodiment of a decoding device to which the present
disclosure is applied.

[Fig. 23]

Fig. 23 is a flowchart illustrating an image generation process
performed by the decoding device of Fig. Z22.

[Fig. 24]

Fig. 24 is a diagram illustrating another example of DR
conversion information of Fig. 17.

[Fig. 25]

Fig. 25 1is a diagram i1llustrating still another example of DR
conversion information of Fig. 17.

[Fig. 26}

Fig. 26 1s a diagram illustrating an example of syntax of
tone mapping info SET including the DR conversion information
of Fig. 17.

[Fig. 27]

Fig. 27 is a diagram illustrating another example of syntax of
tone mapping infc SET including the DR conversion information
of Fig. 17.

fFig. 28]

Fig. 28 is a diagram illustrating a second example of syntax

of knee function info SEI set by the setting unit cof Fig. 16.



[Fig. 29]

Fig. 29 is a diagram illustrating each piece of information set
in the knee function info SEI of Fig. Z28.

[Fig. 320}

Fig. 30 is a diagram illustrating an example of DR conversion
information cof Fig. 28,

{Fig. 211

Fig. 31 is a diagram illustrating an example of DR conversion
information of Fig. 2§,

[Fig. 32)

Fig. 32 is a diagram i1llustrating an example of syntax of
tone mapping info SEI including the DR conversicn information
of Fig. 28.

fFig. 33]

Fig. 33 is a diagram illustrating each piece of information set
in the knee function info SEI of Fig. 28 in a case where the
number of knee points is restricted.

[Fig. 34]

Fig. 34 is a diagram illustrating an example of the

knee function info SEI of Fig. 28 in a case where the number
of knee points is restricted.

[Fig. 35]

Fig. 35 is a diagram illustrating an example of the

tone mapping info SEI of Fig. 32 in a case where the number of
knee points is restricted.

[Fig. 36]

FPig. 36 is a diagram illustrating a third example of syntax of
knee function info SEI set by the setting unit of Fig. 16.
[Fig. 37]

Fig. 37 is a diagram iliustrating each piece of information set
in the knee function info SEI of Fig. 36.

[Fig. 38]

Fig. 38 is a diagram illustrating an example of DR conversion
information of Fig. 36.

[Fig. 39]

Fig. 39 is a diagram illustrating an example of syntax of



tone mapping info SEI including the DR conversion information
cf Filg. 36.

[Fig. 40]

Fig. 40 is a diagram illustrating a fourth example of syntax
of knee function info SEI set by the setting unit of Fig. 16.
[Fig. 41]

Fig. 41 is a diagram illustrating each plece of informaticn set
in the knee function info SEI of Fig. 40.

[Fig. 42]

Fig. 42 is a diagram illustrating an example of DR conversion
information of Fig. 40.

[Fig. 43]

Fig. 43 is a diagram illustrating an example of DR conversion
information of Fig. 40.

[Fig. 441

Fig. 44 is a diagram illustrating an operation of the decoding
device in a case where the knee function info SEI of Fig. 40
is set in a plurality.

[Fig. 45]

Fig. 45 is & diagram illustrating an example of syntax of
tone mapping info SET including the DR conversion information
of Fig. 40.

[Fig. 48]

Fig. 46 is a diagram illustrating a box of MP4 in which DR
conversion information is disposed.

[Fig. 47]

Fig. 47 is a diagram illustrating an example of syntax of
ToneMapInfo.

[Fig. 48]

Fig., 48 1s a diagram illustrating that semantics in a first
configuration of a third embodiment of a coding device to which
the present disclosure is applied is different from that in the
second embodiment.

[Fig. 491

Fig. 49 is a block diagram illustrating a first configuration

aexample of an embodiment of a decoding system to which the



present disclosure is applied.

[Fig. 50A]

Fig. 50A is a diagram illustrating an example of a knee point
and a function of knee conversion defined by knee function infc
SEI which is received by the decocding system of Fig. 49.
[Fig. 508]

Fig. 50B is a diagram illustrating an example of a knee point
and a function of knee conversiondefined by knee function info
SEI which 1s received by the decoding system of Fig. 49,
[Fig. b1}

Fig. 51 is a diagram illustrating an example of an approximate
function of the knee conversion of Fig. 50.

[Fig. 52]

Fig. 52 iz a diagram illustrating an example of an approximate
function of the knee conversion of Fig. bH0.

Fig. 53 isa flowchart illustrating a decoding process performed
by the decoding device of Fig. 49.

[Fig. 54|

Fig. 54 is a flowchart illustrating a display process performed
by a display device of Fig. 49.

[Fig. 55]

Fig. 55 is a diagram illustrating an example of syntax of
knee function info SEI in a second configuration of the third
embodiment of the coding device to which the present disclosure
is applied.

[Fig. 56]

Fig. 56 is a diagram illustrating a difference in semantics of
Fig. 55 from the second embodiment.

[Fig. 57A]

Fig. 57A 1s a diagram illustrating an example of a knee point
and a functicon of knee conversion defined by knee function info
SET of Fig. 55.

[Fig. 57B]

Fig. 57B is a diagram illustrating an example of a knee polint
and a function of knee conversicn defined by knee function info
SEI of Fig. 55.



[Fig. 58]

Fig. 58 is a diagram illustrating an example of an approximate
function of the knee conversion of Fig. 57.

[Fig. 59]

Fig. 59 is a diagram illustrating an example of an approximate
function of the knee conversion of Fig. 7.

[Fig. 60]

Fig. 60 is a diagram illustrating an example of syntax of
approximate knee function info SET.

[Fig. 61]

Fig. o1 is a diagram illustrating a relationship between an
input electrical signal and display luminance of a CRT,
[Fig. 62]

Fig. €2 is a diagram illustrating an electrical signal which
is proportional to luminance.

[Fig. 63]

Fig. 63 is & diagram i1llustrating a relationship between an
input electrical signal and display luminance.

[Fig. 64]

Fig. 64 is a diagram illustrating a function with a
characteristic reverse to a function of Fig. 61.

[Fig. 65]

Fig. 65 is a diagram illustrating an example of a flow of a
process until an image is displayed from capturing of the image.
[Fig. 66&]

Fig. 66 is a diagram illustrating OETF for use in an SDR image.
[Fig. 67]

Fig. €7 is a diagram illustrating OETF for use in an HDR image.
[Fig. 68]

Fig. 68 is adiagram illustrating an overview of a photcelectiric
conversion process in a fourth embodiment.

[Fig. 69]

Fig. 69 is a diagram illustrating an overview of an
electro-optical conversion in the fourth embodiment.

[Fig. 70}

Fig. 70 is a block diagram i1lustrating a configuraticon example



of the fourth embodiment of a coding device to which the present
disclosure is applied.

[Fig. 71]

Fig. 71 is a flowchart illustrating a stream generation process
performed by the coding device of Fig. 70.

[Fig. 72}

Fig. 72 is a block diagram illustrating a configuration example
of the fourth embodiment of a decoding device to which the
present disclosure is applied.

[Fig. 73]

Fig. 73 is a flowchart illustrating an image generation process
performed by the decoding device of Fig. 72.

[Fig. 74}

Fig. 74 is ablock diagram illustrating a hardware configuration
example of a computer.

[Fig. 75]

Fig. 75 is a diagram 1llustrating an example of a
multi-viewpoint image coding method,

[Fig. 76}

Fig. 76 is a c¢lagram illustrating a configuration example of
amulti-view image coding device towhich the present disclosure
is applied.

[Fig. 77]

Fig. 77 is a diagram illustrating a configuration example of
a multi~view image decoding device to which the present
disclosure is applied.

[Fig. 78}

Fig. 78 is a diagram illustrating an example of a layer image
coding method,.

[Fig. 79]

Fig. 79 i3 a diagram illustrating an example of spatially
scalable coding.

[Fig. 80]
Fig. 80 is a diagram illustrating an example of a temporally
scalable coding.

[Fig. 81]



Fig. 81 is a diagram illustrating an example of scalable coding
of an S/N ratio.

[Fig. 82]

Fig. B2 is a diagram illustrating a configuration example of
a layer image coding device to which the present disclesure is
applied.

[Fig. 83]

Fig. 83 is a diagram illustrating a configuration example of
& layer image decoding device to which the present disclosure
iz applied.

[Fig. 84]

Fig. 84 is a block diagram illustrating a schematic
configuration example of a television apparatus teo which the
present disclosure is applied.

[Fig. 85]

Fig. 85 is a block diagram illustrating a schematic
configuration example of a mobile phone to which The present
disclosure is applied.

[Fig. 86]

Fig. 86 is a block diagram illustrating a schematic
configuration example of a recording/reproducing apparatus to
which the present disclosure 1s applied.

[Fig. 87}

Fig. 87 is a block diagram iliustrating a schematic
configuration example of an imaging apparatus to which the
present disclosure is applied.

[Fig. 88]

Fig. 88 is a block diagram illustrating an example of using
scalable coding.

[Fig. 8§91

Fig. 89 is a blockdiagram 1llustrating ancther example of using
scalable coding.

[Fig. 90]

Fig. %0 is a block diagram 1llustrating still ancther exanple
of using scalable coding.

[Fig. 91]



Fig. 91 is a diagram illustrating a schematic configuration
example of a video set to which the present disclosure is
applied.

[Fig. 92]

Fig. 92 is a diagram illustrating a schematic configuration
example of a video processor to which the present disclosure
is applied.

[Fig. 23]

Fig. 93 is a diagram illustrating another schematic
configuration example of a video processor to which the present
disclosure is applied.

[Description of Embodiments]

[0029]

{Base of present disclosure]
10030]

[Description of SDR imagel
[CO31]

Fig. 1 is a diagram illustrating an SDR image.

[C032]

As illustrated in Fig. 1, an SDR image is, for exampls, an image
whose image quality is adiusted so as Lo correspond to a display
device with the maximum luminance 100 nit {candela per square
meter). Since the maximum luminance in the natural system
reaches 20000 nit or more in some cases, in the SDR image, a
brightness dynamic range is greatly compressed.
[Description of HDR image]

[0033]

Fig. 2 is a diagram illustrating an HDR image.

[0034]

As illustrated in Fig. 2, an HDR image is an image in which a
dynamic range of luminance is greater than 0 to 100%. In the
present specification, unless otherwise described, a dynamic
range of a luminance of the HDR imacge is 0 to 400%. For example,
as iliustrated in Fig. 2, in & case where an HDR image in which
a dynamic range of luminance is 0 to B00% {800 nit) is coded,

and is recorded on a Blu-ray (registered trademark) disc (BD)



or the like, attribute information indicating the luminance is
alsc recorded along with the HDR image. In addition, the
attribute information is input to a display device along with
a decoded HDR image, and the HDR image is displayed as an image
in which a dynamic range of luminance is 0 to 8500%.

[0035]

Further, in a case where the maximumn luminance of the display
device is 1000 nit, for example, luminance of an HDR image is
scaled to 1000 nit and is displayed. Even in a case where the
scaling is performed in this way, an HDR image has a dynamic
range of luminance of 0 to 800%, and thus image guality
deterioration thereof due to the scaling is smaller than that
of an SDR image.

[First Embodiment]

(003247

(Overview of coding in first embodiment)

[0037]

Fig. 3 is adiagramillustrating an overview of coding ina first
enmbodiment of a coding device to which the present disclosure
is applied.

[0038]

In Fig. 3, the transverse axis expresses & luminance value
(input code value), and the longitudinal axis expresses
luminance {output videc level). In addition, the luminance
value of the transverse axis of Fig. 3 1s a value cbtained by
setting the number of bits of the luminance wvalue to 10 bits
and setting white luminance having undergone knee conversion
to 100%, but a luminance value converted into luminance in
practice is a value which 1s normalized to U or mere and 1 or
less. This 1s alsc the same for Fig. 5 described later.
[0038]

As illustrated in Fig. 3, in the first embodiment, 80% to 400%
of an HDR image in which a dynamic range of luminance is 0 to
400% 1s knee-compressed to 80% to 100%, so that an SDR image
in which a dynamic range of luminance is ¢ to 100% is generated

and 1s then coded.



[Overview of decoding in first embodiment]

[G040]

Fig. 4 is & diagram illustrating an overview of decoding in the
first embodiment of a decoding device to which the present
disclosure is applied.

[0041]

As illustrated in Flg. 4, in the first embodiment, coded data
of the SDR image in which a dynamic range of luminance is { to
100%, generated as described in Fig. 3, is decoded. In a case
where a display unit is an SDR display, the SDR image which is
obtained as & result of the decoding 1s input to and is displayed
on the display unit without change. On the other hand, in a
case where the display unit i1s an HDR display, the 5DR image
obtained as a result of the decoding is scaled to an HDR image,
and is input to and is displayed on the display unit.

[0042]

Specifically, as illustrated in Fig. 5, 80% to 100% of the SDR
image in which a dynamic range of luminance i1is 0 to 100% 1is
knee-decompressed to 80% to 400%, and thus an HPR image in which
a dynamic range of luminance is 0 to 400% is generated. In
addition, the generated HDR image 1s displayed.

(00431

In addition, at this time, in order to generate a desired HDR
image, information regarding conversion from an SDR image intc
the desired HOR image, such as a range (80% to 100% in the example
of Fig. %) of luminance of an SDR image which 1is
knee-decompressed, and a range (80% to 400% in the example of
Fig. 5) of luminance of an HPR image corresponding to the range,
is necessary. Therefore, in the first embodiment, conversion
information regarding conversion from an SDR image into an HDR
image is transmitted from the coding device to the decoding
device, and thus a desired HDR image can be generated from a
decoded SDR image in the decoding device.

(Configuration example of first embodiment of coding device)
(00441

Fig. 6 is a block diagram 1llustrating a configuration example



of the first embodiment of a coding device to which the present
disclosure is applied.

[0045]

A coding device 10 of I'ig. 6 includes a setting unit 11, a coding
unit 12, a fransmission unit 13, and a conversion unit 14, and
codes an 3DR image which 1s converted from an HDR image in a
method conforming to the HEVC method.

[0046]

Specifically, the setting unit 11 of the coding device 10 sets
a sequence parameler selb (SPS), a picture parameter set (PPS},
VUI, and the like. In addition, the setting unit 11 sets
knee function info Supplemental Enhancement Information (SET)
including conversicon information in response Lo a command from
a user (producer}. The setting unit 11 supplies the parameter
sets including the set 8PS, PP3, VUI, knee function info SEI,
and the like to the coding unit 12.

{0047]

The coding unit 12 codes the SDR image supplied from the
conversion unit 14 in the HEVC method. The coding unit 12
generates a coded stream from coded data which is chtained as
a result of the coding and the parameter sets which are supplied
from the setting unit 11, and transmits the generated coded
stream to the transmission unit 13.

[0048]

The Ltransmission unit 13 transmits the coded stream supplied
from the coding unit 12, to a decoding device described later.
In addition, the transmission unit 13 may transmit the coded
stream to a recording device which records the coded stream on
a recording medium such as a BD. In this case, the coded stream
is transmitted to the decoding device via the recording medium.
00491

The conversion unit 14 converts an HDR image input from an
external device into an 3DR image through knee compression, and
supplies the SDR image to the coding unit 1Z2.

(Example of syntax of knee function info SEI)

[00501



Fig. 7 is a diagram illustrating an example of syntas of
knee function info SEI, and Fig. 8 is a diagram illustrating
each pilece of information set in the knee function info SEI of
Fig. 7.

[0051]

As illustrated in Fig. 7, input knee position informatiocon
{(knee_point of input), output knee position information
{knee point of input), output luminance range information
(output white level range), output luminance information
(output white level range luminace), and the like are set in
the knee function info SEI as conversion information.

[0052]

The inpui knee position Information is information indicating
the minimum value (knee point} of luminance which is knee
decompression of an SDR image which is an unconverted image.
The input knee position information is a permillage of a knee
point when the maximum value of luminance of an SDR image is
set to 1000 permil.

[0053]

The output knee position information is information indicating
luminance of an HDR image which 1s a converted image,
correspcending to the minimum value (knee point) of luminance
which is a knee decompression target of an SDR image which is
an uncenvertad image. The output knee pesition information is
a permillage of luminance corresponding to a knee point when
the maximum value of luminance ¢f an HDR image 1s set to 1000
permil.

100541

The output luminance range information is information
indicating white luminance of an HDR image which is a converted
image. In additiocn, the output luminance informaticon is
information indicating brightness (luminance) of the display
unit, corresponding to white of the HDR image which is a
converted image.

{Example of conversion information)

[0055]



Figs. 9 and 10 are diagrams illustrating examples of conversion
information set in the knee function info SEI.

[0G56]

In the example cf Fig. 9, the user sets an HDR image which is
obtained as a result of knee—-decompressing 80% to 100% of
luminance of an SDR image to 80% to 400% is used as a desired
HDR image. In this case, in the knee function info 3EI, 800
as the input knee position information {knee pcint of input),
and 200 is set as the output knee position information
(knee point of ocutput).

[0057]

Therefore, a decoding device described later can
knee~decompress 80% to 100% of luminance of an SDR image which
is obtained as a result of decoding to 80% to 400% on the basis
of the input knee position information and the ocutput knee
position information. As a result, the decoding device can
convert the 5DR image obtained as a result of the decoding into
a desired HDR image.

[0058]

Inaddition, in the example of Fig. 9, the ocutput luminance range
information (output white level range) is 400, and the output
luminance information {output white level range luminace) is
600 {candela per sguare meter).

[0059]

In the example of Fig. 10, the usar sets an HDR image which is
obtained as a result of knee-decompressing 80% to 100% of
luminance of an SDR image to 100% to 400% as a desired HDR image.
In this case, in the knee function info 8EI, 800 is set as the
input knee position information (knee point of input), and 200
is set as the output knee position information

{knee point of output).

[0060]

Therefcore, the decoding device described later can
knee-~decompress 80% to 100% of luminance of an SDR image which
13 obtained as a result of decoding Lo 100% to 400% on the basis

of the input knee position information and the output knee



position information. As a result, the decoding device can
convert the SDR image obtained as a result of the decoding into
a desired HDR image.

[0061]

In addition, in the example cf Fig. 10, the output luminance
range information (output white level range) is 400, and the
output luminance information

{output white level range luminace) 1is 800 (candela per
square meter).

<Description of process in coding device>

[0062]

Fig. 11 is a flowchart illustrating a stream generaticn process
performed by the coding device 10.

[0063]

In step 310 of Fig. 11, the conversion unit 14 of the coding
davice 10 converts an HDR image which is input from an external
device, into an SDR image which is then supplied fo the coding
unit 12.

[0064]

In step 8511, the setting unit 11 sets an 3P3. In step S1Z, the
setting unit 11 sets VUI. 1In step $13, the settingunit 11 sets
a PPS.

[0065]

In step 514, the setting unit 11 sets knee functicn info 3ET
in response to an instruction or the like from a user. The
setting unit 11 supplies the parameter sets including the set
SPS, PPS, VUI, knee function info SEI, and the like to the
coding unit 12.

[0066]

In step 815, the coding unit 12 codes the SDR image supplied
from the conversicon unit 14 in the HEVC method. In step 316,
the coding unit 12 generates a coded stream from coded data which
is obtained as a result of the coding and the parameter selts
which are supplied from the setting unit 11, and transmits the
generated coded stream to the transmission unit 13.

[0067]



In step $17, the transmission unit 13 transmits the coded stream
supplied from the coding unit 12, tc the decoding device
described later, and then finishes the process.

[0068]

As menticned above, the coding device 10 sets and transmits
knee function info SEI including conversion information, and
thus the decoding device described later can convert an SDR
image obtained as a result ¢f decoding into a desired HDR image
on the basis of the conversion information. Therefore, it can
be said that the coding device 10 can code an SDR image so that
a decoded SDR image can be converted into a desired HDR image
during decoding.

[C062]

In addition, since the conversion information is set, the coding
device 10 can generate a coded stream of an image corresponding
to an HDR display and an SDR display only by coding an SDR image.
Therefore, it 1s possible to further reduce a data amount of
a coded stream than in a case of coding both an HDR image and
an SDR image.

(Configuration example of first embodiment of decoding device)
(0070}

Fig. 12 is a block diagram illustrating a configuration example
of an embodiment of a decoding device which decodes a coded
stream transmitted from the coding device 10 of Fig. 6 and to
which the present disclosure 1is applied.

[0071]

A deceding device 50 of Fig. 12 includes a reception unit 51,
an extraction unit 52, a descoding unit 53, a conversion unit
54, a2 display control unit 55, and a display unit 56.

[0072]

The reception unit 51 of the decoding device 50 receives the
coded stream transmitted from the coding device 10 of Fig. o6,
and supplies the coded stream to the extraction unit 52.
[0073]

The extraction unit 52 extracts the parameter sets and the coded

data of the SDR image from the coded stream which is supplied



from the reception unit 51. The extraction unit 32 supplies
the parameter sets and the coded data to the decoding unit 53.
In addition, the extraction unit 52 supplies the

knee function info SEI among the paramster sets, to the
cenversion unit 54.

[0C74]

The decoding unit 53 decodes the coded data of the SDR image
supplied from the extraction unit 52 in the HEVC method. At
this time, the decoding unit 53 also refers to the parameter
sets supplied from the extractiocon unit 52 as necessary. The
decoding unit 53 supplies the SDR image which is obtained as
a result of decoding to the conversion unit 54.

[0075]

The conversion unit 54 converts the SDR image supplied from the
decoding unit 53 into an HDR image through knee decompression
on the basis of the conversion information included in the
knee function info SEIL supplied from the extraction unit 52,
and supplies the HEDR image to the display control unit 55.
[0076]

The display control unit 55 displays the HER image supplied from
the conversionunit 54 on the display unit 56. The display unit
56 is an HDR display.

<Description of process in decoding device>

[0077]

Fig. 13 is a flowchart illustrating an image generaticn process
performed by the decoding device 50 of Fig. 12.

[0078]

In step 551 of Fig. 13, the reception unit 51 of the decoding
device 50 receives the coded stream transmitted from the coding
device 10 of Fig. &, and supplies the coded stream to the
extraction unit 52.

[(0079]

In step 552, the extraction unit 52 extracts the parameter sets
and the coded data of the SDR image from the coded stream which
is supplied from the reception unit 31. The extraction unit

52 supplies the parameter sets and the coded data of the SDR



image to the decodingunit 53. Inaddition, the extractionunit
52 supplies the knee function info SEI among the parameter sets,
to the conversion unit 54.

[0080]

In step 553, the decoding unit 53 decodes the coded data of the
SDR image supplied from the extractionunit 52 in the HEVC method.
At this time, the decoding unit 533 also refers to the parameter
sets supplised from the extraction unit 52 as necessary. The
decoding unit 53 supplies the SDR image which is obtained as
a result of decoding to the conversion unit 54.

[0081]

In step S54, the conversion unit 54 acguires the conversion
information from the knee function info SEI which is supplied
from the extraction unit 52.

(00821

In step $535, the conversion unit 54 converts the SDR image
supplied from the decoding unit 53 into an HDR image on the basis
of the conversion informatiocon, and supplies the HDR image to
the display control unit 55.

[0083]

In step $56, the display control unit 55 displays the HDR image
supplied from the conversicn unit 54 on the display unit 56,
and finishes the process.

[oce4)

As mentioned above, the decoding device 50 converts the SDR
image obtained as a result cof decoding into the HDR image on
the basis of the conversion information, and thus can convert
the SDR image obtained as a result of decoding into a desired
HDR image.

{Another example of syntax of knee function info SEI)

[c085]

Fig. 14 is a diagram illustrating ancther example cf syntax of
knee function info SEI, and Fig. 15 is a diagram illustrating
each piece of information set in the knee function info SEI of
Fig. 14.

(0086]



The knee function info SEI of Fig. 14 is the same as the
knee function infc SEI of Fig. 7 except that luminance range
information (white level range) and luminance information
(white level range luminance) are set instead of the output
luminance range information {(ocutput white level range) and
the cutput luminance information

(output white level range luminance).

100877

The luminance range information is output luminance range
information when input knee position information

(knee point of input) is equal to or more than cutput knee
position information (knee point of output), that is, when
knee decompression is performed on a decoding side in the same
manner as in the first embodiment.

[o08g]

On the other hand, when the input knee positicn information is
less than the cutput knee position information, that is, when
knee compression is performed on the decoding side, the
luminance range information is information indicating white
luminance of an unconverted image (for example, an HDR image).
[cogg]

Similariy, the luminance information
(whitewlevelﬁrangeﬁluminance) is output luminance information
when input knee position informaticn is equal to or more than
output knee position informaticn in the same manner as in the
first embodiment, and is information indicating white luminance
{(value) of an unconverted image {(for example, an HDR image) when
the input knee positicon information is less than the output knee
position information.

(00901

In addition, in the first embodiment, only an SDR image is coded
in the coding device 10, but cnly an HDR image converted from
the SDR image may be coded. In this case, information regarding
conversion from the SDR image into the HDR image 1s set in SEI
and is transmitted to the decoding device 50. Specifically,

the knee function info SEI illustrated in ig. 7 or Fig. 15 in



which an unconverted image is set as an HDR image, and a converted
image 1s set as an SDR image is transmitted to the decoding device
5¢6. In addition, the decoding device 50 converts an HDR image
inte an original SDR image with high accuracy on the basis of
the knee function_info SET.

[00921]

In addition, in the first embodiment, the display unit 5% 1is
an HDR display, but the display unit 56 may be an SDR display.
In this case, the gonversion unit 54 supplies an 3DR image to
the display control unit 55 without conversion into an HDR image.
Accordingly, the SDR image is displayed on the display unit 56.
[0092]

In addition, a desired image may be an HDR image which is input
to the coding device 10.

[0093]

In addition, in the first embodiment, the coding device 10
converts an HDR image which is input from an external device
into an SDR image which is then coded, but may code an SDR image
which is input from the external device without conversion.
[Second Empodiment]

[0094]

{Configuration example of second embodiment of coding device)
[0095]

Fig. 16 is a block diagram illustrating a configuration example
of a second embodiment of a coding device to which the present
disclosure 1s applied.

[0096]

Among constituent elements illustrated in Fig. 16, the same
constituent eisments as the constituent elements of Fig. & are
given the same reference numeral. Repeated description will
be omitted as appropriate.

(00571

A configuration of a coding device 70 of Fig. 16 is different
from the configuration of the coding device 10 of Fig. 6 in that
a setting unit 71, a coding unit 72, and a conversion unit 73

are provided instead of the setting unit 11, the coding unit



12, and the conversion unit 14. The coding device 70 codes an
HUOR image which is input from an external device, cor codes an
SDR image which is converted from an HDR image, in a methed
conforming to the HEVC method.

[0098]

Specifically, the setting unit 71 of the coding device 70 sets,
an SPS, a PPS, VUI, and the like. In addition, the setting unit
71 sets SEI such as knee function info SEI including DR
conversion informaticn in response tc a command from a user
{producer). The DR conversion information is information
regarding conversion from a dynamic range of luminance of an
image which is a coding target into a different dynamic range.
The setting unit 71 supplles the parameter seis including the
set SPS, PPS, VUI, knee function_info SEI, and the like to the
coding unit 72.

[0059]

The coding unit 72 sets an HDR image or an SDR image supplied
from the conversion unit 73 as a coding target image, and codes
the coding target image in the HEVC method. The coding unit
72 generates a coded stream from coded data which is cbhtained
as a result of the coding and the parameter sets which are
supplied from the setting unit 71, and transmits the generated
coded stream to the transmission unit 13.

[G100]

The conversionunit 73 knee~compresses luminance of an HDR image
which is input £rom an external device so as to generate an SDR
image which is then supplied to the coding unit 72, or supplies
an HDR image which is input fromthe external device to the coding
unit 72 without compressicn.

(First example of syntax of knee function info SET)

(0101

Fig. 17 is a diagram illustrating a first example of syntax of
knee function info SEI set by the setting unit 71 of Fig. 16,
and Fig. 18 is a diagram illustrating each piece of infermation
set in the knee function info SEI of Fig. 17.

[C102]



As illustrated in Fig. 17, a knee conversion 1D

(knee function id) and & knee conversion cancel flag

(knee function cancel_flag) are set in the knee function info
SET.

[0103]

The knee conversion ID is an ID unigque to the purpose of knee
conversicn which is knee compression or knee decompression as
illustrated inFig. 18. Inaddition, the knee conversion cancel
flag is a flag illustrating whether or not persistence of
previcus knee function info SEI is canceled. The knee
conversion cancel flag is set to 1 when indicating that
persistence of previous knee function info SEI is canceled, and
is set to O when the persistence is not canceled.

[0104]

If the knee conversion cancel flag is 0, as iillustrated in Fig.
17, a single pilece o0f pre-conversion position information
(input knee point), a single piece of post-conversion position
information (output knee point), HDR luminance range
information (d range), and display luminance information
(d_range disp luminance) are set in the knee function_info SEI
as DR conversion information.

[0105]

The pre-conversion position information is information
indicating a knee point of a coding target image which is an
unconverted image in conversion corresponding toe the DR
conversion information, and is a permillage of a knee point when
the maximum value of luminance of the coding target image is
set to 1000 permil. The knee point is luminance (which is a
value obtained by normalizing linear RGB values in the range
of 0.0 to 1.1} other than 0 which is a start point of a range
of luminance which 1s knee-converted at the same conversion
ratioas that of a dynamic range of luminance of the coding target
image.

[0106]

The post-conversion position information is information

indicating a start point of a range of luminance corresponding



to a range of knee-converted luminance which has a knee point
as a start peint in an image after being converted (hereinafter,
referred to as a converted image) in conversion corresponding
to the DR conversion information. Specifically, the
post~conversion positicn informaticon is a permillage of
luminance of a converted image corresponding to a knee point
when the maximum value of luminance of the converted image is
set tc 1000 permil.

(0107]

The HDR luminance range information is information indicating
a permillage of the maximum value of luminance of an HDR image
which is a coding target image or a converted image. Inaddition,
the display luminance information is information indicating an
expected value of brightness {luminance} of the display unit
corresponding to the maximum value of luminance of an HDR image.
(First example of DR conversion information)

101087}

Figs. 19 and 20 are diagrams 1llustrating examples of the DR
conversion information set in the knee function info SEI of Fig.
17.

[010%]

In the example of Fig. 19, a coding target image is an SDR image,
and a user sets an HDR image which is obtained as a result of
knee~decompressing 80% to 100% of luminance of the 3DR image
to 80% to 400%, as a desired ccocnverted image. In this case,
in the knee function info SEI, 800 is set as the pre~conversion
position Iinformation (input knee point), and 200 1s set as the
post-conversion position information (output knee point).
[0110]

In addition, in the example of Fig. 1%, the HDR luminance range
information (d range) is 4000, and the display luminance range
information (d range disp luminance) 1is 800 (candela per
square meter).

[0111]

As in the case of Fig. 19, in a case where a coding target image

is an 3DR image, and a converted image is an HDR image, a knee



point input knee point PER (%) and luminance
cutput knee point PER (%) of a converted image corresponding
to the knee point are defined by the following Eguation (1).
[Math. 1]
input_knee_point

1000

d range  output_knee point
10 1000

input_knee _point PR=100 X

output_knee point DR=

e ()
[0112]

Therefore, a decoding device described later recognizes that
the knee point input knee point PER and the luminance
cutput knee point PER are 80% according to Equation (1}. In
addition, the decoding device described later recognizes that
knee conversion corresponding to the DR conversion information
is knee decompression since the pre-conversion position
information is equal to or more than the post-conversion
position information. Further, the decoding device described
later recognizes that the maximum value of luminance of the
converted image i1s 400% from the HDR luminance range
information.

[0113]

As mentioned akove, the deccding device described later
knee—-decompresses 80% to 100% of luminance of the SDR image
which 1s cobtained as a result of decoding to, 89% to 400%.
Therefore, the decoding device can convert the S$SDR image
obtained as a result of decoding inte & desired HDR image.
f0114]

In the example of Fig. 20, a coding target image is an HDR image,
and the user sets an SDR image which is obtained as a result
of knee-compressing 80% to 400% of luminance of the HDR image
to 80% to 100%, as a desired converted image. 1In this case,
in the knee function info SEI, 200 is set as the pre-conversion
positicn infeormaticon (input knee point), and 80C is set as the
post—-conversion position informaticn (output knee point).
[0115]



In addition, in the example of Fig. 20, the HDR luminance range
information (d range) is 4000, and the display luminance range
infeormaticn {d range disp luminance) is 800 {candela per
Square meter).

[01l1l6]

As in the case of Fig. 20, in a case where a coding target image
is an HDR image, and a converted lmage is an SDR image, a knee
point input knee point PER (%) and luminance
output knee point PER (%) of a converted image corresponding
to the knee point are defined by the following Eguation (2).
[Math. 2]

. : __d_range _ input_knee_point
input_knee_point_DR= 10 1000
output_knee point

output_knee point DR=100 x 1000

- (2)
[0117]
Therefore, the decoding device described later recognizes that
the knee point input knee point PER and the luminance
ocutput knee point PER are 80% according to Eguation (Z). In
addition, the decoding device described later recognizes that
knee conversion corresponding to the DR conversion information
is knee compression since the pre-conversion position
information is less than the post-conversion position
information. Further, the decoding device described later
recognizes that the maximum value of luminance of the converted
image is 400% from the HDR luminance range information.
[011ig]
As mentioned above, the decoding device described later
knee-compresses 80% to 400% of luminance of the SDR image which
is obtained as a result of decoding, to 80% to 100%. Therefore,
the decoding device can convert the HDR image obtained as a
result of decoding into a desired SDR image.
<Description of process in coding device>
[0119]

Fig. 21 is a flowchart illustrating a stream generation process



performed by the coding device 70 of Fig. 1lé.

[0120]

In step $71 of Fig. 21, the conversion unit 73 of the coding
device 70 determines whether or not, for example, a coding
farget image 1s an SDR image in response to an instruction or
the like from the user. If it is determined that a coding target
image is an SDR image in step 571, the process proceeds Lo step
S72.

[0121]

In step 372, the conversion unit 73 converts an HDR image which
is input from an external device into an SDR image through knee
compression of luminance of the HDR image, and supplies the SDR
image to the coding unit 72.

[0122]

On the other hand, if it is determined that a coding target image
is not an SDR image in step 871, that is, a coding target image
is an HDR image, the conversion unit 73 supplies an HDR image
which is input from an external device to the coding unit 72
without change, and the process proceeds fo step 573.

[0123]

In step 573, the setting unit 71 sets an SP3. In step 374, the
setting unit 71 sets VUI. In step §75, the setting unit 71 sets
a PPS.

[0124]

In step 376, the setting unit 71 sets knee function info SEI
in response to an instruction or the like from & user. The
setting unit 71 supplies the parameter sets including the set
SP3, PP3, VUI, knee function info SEI, and the like to the
coding unit 72.

[0125]

In step 577, the coding unit 72 codes an SDR image or an HDR
image supplied from the conversiocn unit 73 as a coding target
image in the HEVC method. In step S78, the coding unit 72
generates a coded stream from coded data which is obtained as
a result of the coding and the parameter sets which are supplied

from the setting unit 71, and transmits the generated coded



stream to the transmission unit 13.

[0126]

In step §7%, the transmission unit 13 transmits the coded stream
supplied from the coding unit 72, to the decoding device
described later, and then finishes the process.

[0127]

As mentioned above, the coding device 70 sets and tLransmits
knee function info SEI including DR conversicn information,
and thus the decoding device described later can convert a
coding target image obtained as a result of decoding into a
desired converted image on the basis of the DR conversicn
information. Therefore, it can be said that the coding device
70 can code an image so that a decoded image can be converted
into a desired converted image during decoding.

[0128]

In addition, since the DR conversion information is set, the
coding device 70 can generate a coded stream of an image
corresponding to an HDR display and an SDR display only by coding
elther an SDR image or an HDR image. Therefore, it is possible
to further reduce a data amount of a ceded stream than in a case
cf coding both an HDR image and an SDR image.
{Configuration example of second embediment of decoding device)
[0129]

Fig. 2Z is a block diagram illustrating a configuration example
of a second embodiment of a decoding device which decodes a coded
stream transmitted from the coding device 70 of ¥ig. 16 and to
which the present disclosure is applied.

[0130]

Among constituent elements illustrated in Fig. 22, the same
constituent elements as the constituent elements of Fig. 12 are
given the same reference numerals. Repeated description will
be omitted as appropriate.

[0131]

A configuration of a decoding device 90 of Fig. 22 is different
from the configuration of the decoding device 50 of Fig. 12 in

that an extraction unit 91, a decoding unit 92, a conversion



unit 93, a display control unit %4, and a display unit 95 are
provided instead of the extraction unit 52, the decoding unit
53, the conversion unit 54, the display control unit 5%, and
the display unit 56. The decoding device 90 converts a decoded
image into a ceonverted image according to the type of display
unit 85, and displays the converted image on the display unit
95.

[0132]

Specifically, the extraction unit 91 of the decoding device 90
extracts parameter sets and coded data from a coded stream which
is supplied from the reception unit 51. The extraction unit
91 supplies the parameter sets and the coded data to the decoding
unit 92. In addition, the extraction unit 91 supplies

knee function info SEI among the parameter sets, to the
conversion unit 93.

[0133]

The decoding unit %2 decodes the coded data supplied from the
extraction unit 91 in the HEVC method. At this time, the
decoding unit 92 also refers to the parameter sets supplied from
the extracticn unit 91 as necessary. The decoding unit 92
supplies a decoded image to the conversion unit 93.

(0134}

In & case where a dynamic range of luminance corresponding to
thedisplayunit 85 is adynamic range of luminance of the decoded
image, the conversion unit 93 supplies the decoded image which
is supplied from the decoding unit 92, to the display control
unit 94 without change. On the other hand, in a case where a
dynamic range of luminance corresponding to the display unit
95 1s not a dynamic range of luminance cof the decoded image,
the conversion unit 93 converts the decoded image intc an
converted image through knee conversion on the basis of DR
conversion information included in the knee function info SEI
supplied from the extraction unit 81. In addition, the
conversion unit 93 supplies the converted image to the display
contreol unit 94 as a display image.

(0135}



_36_

Specifically, in a case where the display unit 95 is an EDR
display, and the decoded image is an HDR image, or in a case
where the display unit 95 is an 3DR display, and the decoded
image 1s an SDR image, the conversion unit 93 supplies the
decoded image to the display control unit 94 without change.
Cn the other hand, in a case where the display unit 95 is an
SDR display, and the decoded image is an HDR image, or in a case
where the display unit %5 is an HDR display, and the decoded
image is an SDR image, the conversion unit 93 performs knee
conversion on the decoded image on the basis of the DR conversion
informaticn sc as to generate a converted image. In addition,
the conversion unit 93 supplies the converted image to the
display controel unit 94 as a display image.

[0136]

The display control unit 94 displays the display image supplied
from the conversionunit 93 on the display unit 95. Accordingly,
in a case where the display unit 95 is an HDR display, an HDR
image 1s displayed on the display unit 95, and in a case where
the display unit 956 is an SDR display, an SDR image is displayed
on the display unit 95, The display unit 95 is an HDR display
or an SDR display, and displays a display image supplied from
the display control unit 84.

<Description of process in decoding device>

[C137]

Fig. 23 is a flowchart illustrating an image generation process
performed by the decoding device 20 of Fig. 22.

[0138]

In step 8%1 of Fig. 23, the reception unit 51 of the decoding
device 90 receives a coded stream transmitted from the coding
device 70 of Fig. 16, and supplies the coded stream to the
extraction unit 91.

[0139]

In step 592, the extraction unit 91 extracts parameter sets and
coded data from the coded stream which is supplied from the
reception unit 51. The extraction unit 91 supplies the

parameter sets and the coded data to the decoding unit 22. In



addition, the extraction unit %1 supplies knee function info
SEI among the parameter sets, to the conversion unit 23.
[0140]

Instep 323, the decodingunit 92 decodes the coded data supplied
from the extraction unit 91 in the HEVC method. At this time,
rhe decoding unit 82 also refers to the parameter sets supplied
from the extraction unit 91 as necessary. The decodling unit
92 supplies a decoded image to the cenversion unit 93.
[0141]

In step $%94, the conversion unit 93 acguires DR conversion
information from the knee function info SEI which is supplied
from the extraction unit 91.

[G1l42]

In step $95, the conversion unit 293 determines whether or not
a dynamic range of luminance corresponding to the display unit
95 is a dynamic range of luminance of the decoded image. If
it is determined that a dynamic range of luminance corresponding
to the display unit 85 is not a dynamic range of luminance of
the decoded image, the process proceeds to step 596.

[0143]

In step 386, the conversion unit 93 converts the decoded image
supplied from the decoding unit 82 into a converted image on
the basis of the DR conversion information, and supplies the
converted image to the display control unit 24 as a display image.
In addition, the process proceeds to step 397.

[0144]

On the other hand, 1t is determined in step 395 that a dynamic
range ¢f luminance corresponding to the display unit 95 is a
dynamic range of luminance of the decoded image, the conversion
unit 93 supplies the decoded Ilmage which is supplied from the
decoding unit 82, to the display control unit 94 as a display
image without change. Inaddition, the process proceeds tostep
Sa7.

[0145]

In step 597, the display control unit 24 displays the display

image supplied from the conversion unit 93 on the display unit



85, and finishes the process.

0146}

As mentioned above, the decoding device 90 converts the decoded
image into the converted image on the basis of the DR conversion
informaticn, and thus can convert a decoded image to a desired
converted image.

[0147]

In addition, in the second embodiment, one of an SDR image and
an HDR image is a coding target image, and the other is a
converted image, but an SDR imayge may be replaced with a
desensitized development image of an HDR image in which an
expected value of brightness of the display unit corresponding
to the maximum value of luminance is greater than that of the
SDR image.

(Second example of DR conversion information)

[0148] .

Figs. 24 and 2% are dizgrams i1llustrating examples of DR
conversion information set in knee function info SEI in a case
where one of a desensitized development image and an HDR image
is a coding target image and the other is a converted image.
[0149]

Inaddition, in the examples of Figs. 24 and 25, the desensitized
development image is an image in which a dynamic range of
luminance i1is 0 to 200%, obtailned by performing desensitized
development cf 1 EV {exposure value) on an HDR image. Further,
an expected value of brightness of the display unit
corresponding to the maximum value of luminance cof the
degsensitized development image is 400 (candela per square
meter) higher than 200 (candela per square meter) which is an
expected value of brightness corresponding to the maximum value
of luminance in an S5DR image.

[0150]

Information indicating that a coding target image or a converted
image 1s an image obtained by performing desensitized
development on an HDR image, and a dynamic range cf luminance

of the desensitized development image are set in



tone mapping info SEI by the setting unit 71.

{0151}

Inthe example of Fig. 24, a coding target image is a desensitized
development image, and the usery sets an HEDR image which is
obtained as a result of knee-decompressing 160% to 200% of
luminance of the desensitized development image to 160% to 400%,
as a desired converted image. In this case, in the

knee function infe SEI, 800 is set as the pre-conversion
position information (input knee point), and 400 is set as the
post-conversion position information {cutput knee point).
1015273

In addition, in the example of Fig. 24, the HDR luminance range
information {d range) is 4000, and the display luminance range
{d range disp luminance) is 800 (candela per sguare meter).
[0153]

As in the case of Fig. 24, in a case where a coding target image
is a desensitized development image, and a converted image is
an HDR image, a knee point input knee point PER (%) and
luminance output knee point PER (%) of a converted image
corresponding to the knee point are defined by the above
Equation {1).

[0154]

Therefore, the decoding device 90 recognizes that the knee point
input knee point PER and the luminance output knee point PER
are 160% according to Equation (1). In addition, the decoding
device 90 recognizes that the maximum value of luminance of the
converted image is 400% from the HDR luninance range information.
I'nrther, the decoding device 90 recognizes that a dynamic range
of luminance of the coding target image is 0 to 200% from the
tone mapping info SEI. Furthermore, in a case where the
display unit 95 is an HDR display, 160% to 200% of luminance
of a desensitized development image which is obtained as a
result of deceding is knes-decompressed to 160% o 400% sc as
to be displayed as a display image.

[0155]

COn the other hand, in a case where the display unit 95 i1s an



SDR display, the decoding device 90 displays a desensitized
development image as a display image without change. At this
time, an expected value of brightness of the display unit
corresponding tco the maximum value of luminance of the
desensitized development image i1s greater than that of an SDR
image, and thus brightness of the display image is insufficient.
[0156]

However, recently, an 3DR display (hereinafter, referred to as
a high luminance SDR display) of which brightness corresponding
to the maximum value of luminance is relatively high 300
(candela per square meter} or the like has been developed. In
a case where the display unit 95 is a high luminance SDR display,
brightness of a display image can be sufficiently maintained
even 1f a desensitized develcpment image is displayaed as the
display image without change. Inaddition, since a compression
ratio of knee compression during generation of a coding target
image 1s lower than in a case where a coding target image is
an SDR image, quality of a display image can be improved.
[0157]

In the example of Fig. 25, a coding target imags is an HBER image,
and the user sets a desensitized development image which is
obtained as a result of knee-compressing 160% tc 400% of
luminance of the HDR image to 160% to 200%, as a desired converted
image. In this case, in the knee function info SEI, 400 is set
as the pre-conversion position information (input knee point),
and 800 is set as the post-conversion pesition information
(output knee point},

[C158]

In addition, in the example of Fig. 25, the HDR luminance range
information {d range} is 4000, and the display luminance range
{d range disp luminance) is 800 (candela per sguare meter).
[0159]

As in the case of Fig. 25, in a case where a coding target image
is an HDR image, and a converted image is a desensitized
development image, a knee point input knee point PER (%) and

luminance ocutput knee point PER (%) of a converted image



corresponding to the knee point are defined by the abovs
Eguation (2}.

[0160]

Therefore, the decoding device 90 recognizes that the knee point
input knee point PER and the luminance output knee point PER
are 160% according to Eguation (2). In addition, the decoding
device 90 recognizes that the maximum value of luminance of the
coding target image 1s 400% from the HDR luminance range
information. Further, the decoding device 90 recognizes that
a dynamic range of luminance of the converted image is § to 200%
from the tone mapping info SEI.

[C1lel]

Furthermore, in a case where the displayunit 8b is an SDRdisplay,
the decoding device 90 knee~compresses 160% to 400% of luminance
of an HDR image which is obtained as a result of decoding to
160% to 200% so as to display a compressed result as a display
image. In this case, as described above, brightness of the
display image is insufficient. However, in a case where the
display unit 25 is a high luminance SDR display, brightnass of
a display image can be sufficiently maintained as described
above. Inaddition, quality of adisplay image can be improved.
[C1e2]

On the other hand, in a case where the display unit 95 is an
HDR display, the decoding device 90 displays an HDR image which
is obtained as a result of decoding as a display image without
change.

(0163}

In addition, the DR conversion information of Fig. 17 may be
included in SEI such as tone mapping info SEI other than
knee functicn info SET.

(First example of syntax of tone mapping info SEI)

[0164]

Fig. 26 1is a diagram illustrating an example of syntax of
tone mapping info B8ET in a case where the DR conversion
information of Fig. 17 is included in the

tone mapping info SET.



[0165]

The tone mapping info SEI is SEI regarding conversion of
luminance. As i1llustrated in Fig. 26, in a case where the DR
conversion information of Fig. 17 is included in the

tone mapping info SET, tone map medel id indicating a
conversion model of luminance is set to, for example, 5. In
addition, in the tone mapping info SEI, pre-conversion
position information (input knee point}, post-conversion
position information (output knee point), HDR luminance range
information (d range}, and display luminance informaticn

(d range disp luminance) are set in the tone mapping info SEI
as DR conversion information.

[0166]

In addition, the HDR luminance range information (d range) and
the display luminance information (d range disp luminance)
are included in tone mapping info SEI when tone map model id
is 4, Therefore, as illustrated in Fig. 27, the HDR luminance
range information (d range} and the display luminance
information (d range disp luminance) may not be included in the
tone mapping info SEI. Further, only one of the HDR luminance
range information (d _range) and the display luminance
information (d range disp luminance) may be included.
(Second example of syntax of knee function info SET)

[01e7]

Fig. 28 is a diagram illustrating a second example of syntax
of knee function info SEI set by the setting unit 71 of Fig.
le, and Fig. 29 is a diagram illustrating each piece of
information set in the knee function info SEI of Fig. 28.
[0168]

A plurality of knee points are set in the knee function info
SEI of Fig. 28. S3pecifically, in the same manner as in the case
of Fig. 17, a knee conversion ID (knee functicn id) and a knee
conversion cancel flag (knee function cancel flag) are set in
the knee function info SEI of Fig. 28.

[0169]

In addition, i1f the knee conversion cancel flag is 0, as



illustrated in Fig. 28, DR conversion information is set in the
knee functicen info SEI. The DR conversion information is the
same as in the case of Fig. 17 except that a compressicn flag
(compressicn flag) and a knee point number

(num knee point minusl) are included, and pre-conversion
position information (input knee point) and post-conversion
position information (output knee point) are set for sach knee
point. Description of the same part as in the case of Fig. 17
is repeated and thus will be omitted as appropriate.

[G170]

As i1llustrated in Fig. 29, the compression flag is a flag
indicating whether or not knee conversion is knee compression.
In other words, in a case where the number of knee points is
one, when the pre-conversion position information
{input_knee point) is egual to or more than that the
post-conversion positien information (output knee point), it
can be determined that knee conversion is knee decompression,
and when the pre-conversion position information
{input knee point) is less than the post-conversion position
information {output knee point}, it canbe determined that knee
conversion is knee compression.

[0171]

However, in a case where there are a number of knee points, it
iz unable to be accurately determined whether knee conversion
is knee decompression or knee compression by using the magnitude
correlation between the pre-conversion position information
and the post-conversion position information, and thus the
compression flag is set. In addition, even in a case where the
number of knee points is one, the compression flag may be set.
The compression flag is set to 1 when knee conversion is knee
compression, and is set to U when knee conversicn is knee
decompression.

[0172)]

The knee point number is a value cbtained by subtracting 1 from
the number of knee peoints. In addition, an order i1 (where is

an integer of 0 or more! in which pre-conversion position



information and post-conversion position information of knee
points are set 1s an crder in which the pre-conversion position
information is reduced.

{Third example of DR conversion information)

[0173]

Figs. 30 and 31 are diagrams illustrating examples of DR
conversion information set in the knee function info SEI of Fig.
28.

(01743

In the example of Fig. 30, a coding target image is an SDR image.
In addition, the user sets an HDR image which is obtained as
a result of respectively converting 0 to 0%, 60% to 80%, 80%
to 90%, and %0% to 100% of an 3DR image into 0 to 40%, 40% to
100%, 100% to 180%, and 180% to 400%, as a desired converted
image.

{01757

In this case, in the knee function info SEI, 600 is set as
pre-conversion position information {input knee point[0}) of
the O0-th knee point, and 100 is set as post~conversion position
information (output knee point{0]) thereof. 800 is set as
pre-conversion position information {(input knee point[l]) of
the first knee point, and 250 is set as post-conversion position
information (output knee point[l]) thereof. 900 is set as
pre-conversion position information (input knee point{Z}) of
the second knee point, and 450 1s set as peost-conversion
position information (output knee point{Z]) therecof.

[017¢6]

In addition, in the example of Fig. 30, the HDR luminance range
information (d range) is 4000, the display luminance range
{(d range disp luminance) is 800 {candela per squaremeter), and
the compression flag {compression flag) is 0.

[G177]

As described above, in a case where a coding target image is
an SDR image, and a converted image 1s an HDR image, a knee point

(%) of a converited image corresponding to the knee point are



defined by the above Egquation (1).

[0178]

Therefore, the decoding device 90 recognizes that the 0-th to
second knee points input knee point PER are respectively 60%,
80%, and 90% according to Equation (1}. In addition, the
decoding device 90 recognizes that the 0-th to second luminances
output knee point PER are respectively 40%, 100%, and 180%.
Further, the decoding device 90 recognizes that the maximum
value of luminance of the converted image is 400% from the HDR
luminance range informatiocn.

101791

Furthermore, the decoding device 90 respectively knee-converts
0 £o 60%, 60% to 80%, 80% to 90%, and 90% to 100% of an SDR image
which is obtained as a result of decoding into 0 to 40%, 40%
to 100%, 100% to 180%, and 180% to 400%, according toa conversion
straight line in which the knee points are connected to each
other in a set order. Therefore, the decoding device 20 can
convert the SDR image which is obtained as a result of decoding,
into a desired HDR image.

[0180]

In the example of Fig. 31, a coding target image is an HDR image.
In addition, the user sets an SDR image which is obtained as
a result of respectively converting O to 40%, 40% to 100%, 100%
to 180%, and 180% to 400% of luminance of an HDR image into 0
to 60%, 60% to 80%, BO% to 90%, and 30% to 100%, as a desired
converted image.

[01813

In this case, in the knee function info SEI, 100 is set as
pre-conversion position information (input knee point[(0]) of
the 0-th knee point, and 600 is set as post-conversicn position
information {output knee point[0]). 250 is set as
pre-conversion position information {input knee point([1l]) of
the first knee point, and 800 is set as post-conversion position
information (ocutput knee point(ll). 450 is set as
pre~conversion position information (input knee pointi{2]) of

the second knee point, and %00 is set as post-conversion



position information (output knee point[Z]}.

[0ig2]

In addition, in the example of Fig. 31, the HDR luminance range
information (d range) is 4000, the display luminance range
{d_;ange_disp_luminance)isSOO(candelapersquaremeter),and
the compression flag (compression flag) is 1.

[0183]

As described above, in a case where a coding target image 1s
an HDR image, and a converted image 1s an SDR image, a knee point
input knee point PER (%) and luminance output knee point PER
{%) of a converted image corresponding to the knees point are
defined by the above Equation (2).

[0184]

Therefore, the decoding device 90 recognizes that the 0-th to
second knee points input knee point PER are respectively 40%,
100%, and 180% according to Equation (Z2}. Inaddition, the U-th
to second luminances output knee point PER (%] are
respectively 60%, 80%, and 90%. In acdition, the decoding
device 90 recognizes that the maximum value of luminance of the
converted ilmage is 400% from the HDR luminance range
information.

{0185}

Further, the decoding device 90 knee~converts 0 to 40%, 40% to
100%, 100% to 180%, and 180% to 400% of an HDR image which is
ocbtained as a result of decoding into 0 to 60%, 60% to 80%, 80%
to 950%, and 90% to 100% by connecting the knee points to each
other in a set order. Therefore, the decoding device 20 can
convert the HDOR image which is obtained as a result of decoding,
into a desired SDR image.

[018¢]

As mentioned above, 1n a case where a plurality of knee points
are set, a compression ratio can be more finely set than in a
case where a single knee point is set. Therefore, 1t ispossikle
to perform knee conversion with higher accuracy.

[(0187]

In addition, the DR conversion information of Fig. 28 may be



included in SEI such as tone mapping info SEI other than
knee function info SET.

(Second example of syntax of tone mapping info SEI)

10188]

Fig. 32 1s a diagram illustrating an example of syntax of
tone mapping info SET in a case where the DR conversion
information of Fig. 28 is included in the

tone mapping info SET.

(0188]

As illustrated in Fig. 32, in a case where the DR conversion
information of Fig. 28 is included in the tone mapping info SET,
tone map model id is set to, for example, 5. In addition, in
the tone mapping infc SEI, compression flag (compression flag
(mapping_ flag)), HDR luminance range infeormation {d_range),
display luminance information (d _range disp luminance), a
knee point number {(num knee point minusl), and pre-conversion
positicn information (input knee point) and post-conversion
position information {cutput knee point) of each knee point are
set in the tone mapping info SET as DR conversion information.
[018G]

In addition, in the same manner as in the tone mapping info SEI
of Fig. 27, the HDR luminance range information {d range) and
the display luminance information (d range disp luminance)
may not be included in the tone mapping info SEI cof Fig. 32.
Further, only one of the HDR luminance range information

(d _range) and the display luminance information

{d range disp luminance) may be included.

0191}

Furthermcre, the knee point number (num knee point minusl) may
be any one of 0, 1, and 2 as illustrated in ¥Figs. 33 to 35. In
other words, the knee point number {num knee point minusl) may
be limited to 2 or less. 1In this case, as illustrated in Figs.
33 to 35, the number of bits of the knee point number

{num knee point minusl) included in the knee functicn info
SEI or the tone mapping info SEI is fixed to 2 bits (ul(Z)).
[01922]



As mentioned above, the maximum value of the knee point number
(num knee point minusl) is determined, and thus an amount of
DR conversion information can be reduced. Accordingly, the DR
conversicn information can be transmitted with a small packet
as in AVI InfoFrame of High-Definiticn Multimedia Interface
{HDMI (registered trademark}).

{Third example cf syntax of knee function info SET]

[0193]

Fig. 36 is a diagram illustrating a third example of syntax of
knee function info SEI set by the setting unit 71 of Fig. 16,
and Fig. 37 is a diagram 11lustrating each piece of information
set in the knee function info SEI of Fig. 36.

[01924]

A plurality of knee points and & knee point (hereinafter,
referred to as a representative knee point) which is
representatively used are set in the knee function info SEI of
Fig. 36.

101957

Specifically, in the same manner as in the case of Fig. 17, a
knee conversion ID (knee function id) and a knee conversion
cancel flag (knee function_cancel flag) are set in the

knee function info SEI of Fig. 36.

[0196]

In addition, 1f the knee conversion cancel flag is 0, as
illustrated in Fig. 36, DR conversion information is set in the
knee function info SEI. The DR conversion information is the
came as 1n the case of Fig. 28 except that representative
pre-conversion position information
(representative input knee point) and representative
post-conversion position infermation
(representative output knee point)} are included.
Description of the same part as in the case of Fig. 28 1s repeated
and thus will be omitted as appropriate.

[0197]

As illustrated in Fig. 37, the representative pre-conversion

position information is information indicating a



representative knee point of a coding target image which is an
unconverted image in conversion corresponding to the DR
conversion information, and is a permillage of the
representative knee point when the maximum value of luminance
of the coding target image is set to 1000 permil.

[0198]

The representative pre-conversion position information is
information indicating luminance corresponding to a
representative knee point of a converted image in conversion
corresponding to the DR conversion information, and is a
permillage of luminance corresponding to a knee point when the
maximum value of luminance of the converted image is set te 1000
permil.

[0189]

In addition, the representative knee point may be one of knee
points corresponding to a plurality of pre~conversion position
information pieces included in the DR conversion information,
and may be a knee point which is completely different from the
knee point.

(Fourth example of DR conversion information)

[0z200]

Fig. 38 is a diagram illustrating an example of DR conversion
information set in the knee function info SEI of Fig. 3¢.
[0201]

In the example of Fig. 38, a coding target image is an SDR image.
In addition, the user sets an HDR image which is obtained as
a result of respectively converting 0 tc 60%, 60% to 80%, 80%
to 90%, and °20% to 100% of an SDR image into 0 to 40%, 40% to
100%, 100% to 180%, and 180% to 400%, as a desired converted
image when the decoding device 90 performs the knee conversion
with high accuracy. Further, the user sets an HDR image which
1s obtained by knee-~decompressing 80% tc 100% of luminance of
an 3DR image to 80% to 400%, as a desired converted image when
the decoding device 90 performs simple knee conversion with fow
accuracy.

o202



In this case, in the knee function info SEI, the same values
as in Fig. 30 are set as pre-conversion position information
(input_knee point} and post-conversion position information
(output knee point) of the 0-th to second knee points. In
addition, the representative pre-conversion position
information (representative input knee point) is 800, and the
representative post-conversicn position information
(representative output knee point) is 200.

[0203]

In addition, in the example of Fig. 38, the HDR luminance range
information (d range) is 4000, the display luminance range
(d range disp luminance) is 800 (candela per squaremeter), and
the compression flag (compression flag) is C.

[0204]

As illustrated in Fig. 38, in a case where the decoding device
90 performs simple knee conversion with low accuracy, the
dacoding device 90 recognizes that the representative knee
point representative input knee point FPER (%) and luminance
representative output knee point PER (%) of a converted image
corresponding to the representative knee polnt are B0%
according to the above Egquation (1}. In addition, the decoding
device 80 recognizes that the maximum value of luminance of the
converted image is 400% from the HDR luninance range information.
Further, the decoding device 90 knee-decompresses 80% to 100%
of luminance of an 3DR image which is obtained as a result of
decoding, to 80% to 4(00%. Therefore, the decoding device 20
can convert the SDR image which is obtained as a result of
decoding into a desired HDR image.

[0205]

On the other hand, in a case where the decodingdevice 20 performs
knee conversion with high accuracy, the decoding device 90
performs the same process as in Fig. 30, and converts an 3DR
image which is obtained as a result of decoding into a desired
HDOR image.

[0206]

As mentioned above, the representative pre-conversion position



information {representative input knee point) and the
representative pest-conversion position information
(representative output knee point} are included in the DR
conversion infeormaticon of Fig. 36. Therefcore, even in a case
where a processing rate or a rescurce such as a memory capacity
is unable to be sufficiently secured in the decoding device 90,
knee conversion can be performed cn the basis cf a
representative knee point. In addition, since the
representative pre-conversion position information and the
representative post-conversion position information are
transmitted to the decoding device 90, the decoding device S0
does ncet have to generate representative pre-conversion
position information and representative post-conversion
positicon information on the basis of pre-conversion position
information and post-conversion position information of a
plurality of knee points.

[C207]

In addition, the DR conversion information of Fig. 36 may be
included in SEI such as tone mapping info SEI other than
knee function info 3SEI.

(Third example of syntax of tone mapping info SEI)

[0208]

Fig. 39 is a diagram illustrating an example of syntax of
tone mapping info SEI in a case where the DR conversion
information of Fig. 36 is included in the

tone mapping info SEI.

[0209]

As illustrated in Fig. 39, in a case where the DR conversion
information of Fig. 36 1s included in the tone mapping info SEI,
tone map model id is set to, for example, 5. In addition, in
the tone mapping info SEI, a compression flag

(compression flag), representative pre-conversion position
information (representative input knee pcint),
representative post-conversion position information
(representative ocutpult knee point), HDR luminance range

information (d range), display luminance information



(d range disp luminance), a knee point number

(num knee point minusl), and pre-conversion position
information (input knee point} and post-conversion position
information {output knee point) of each knee point are set in
the tone mapping info SEI as DR conversion information.
[0210]

In additicn, in the same manner as in the tone mapping info SET
of Fig. 27, the HDR luminance range information {(d range) and
the display luminance information (d range_disp luminance)
may not be included in the tone mapping info SEI of Fig. 39.
Further, only one of the HDR luminance range information

(d range) and the display luminance information

{d range disp luminance) may be included.

(Fourth example of syntax of knee function info SEI)

[0211]

Fig. 40 is a diagram illustrating a fourth example of syntax
of knee function info SEI set by the setting unit 71 of Fig.
16, and Fig. 41 is a diagram illustrating (semantics of} each
piece of information set in the knee function info SEI of Fig.
40.

(02121

In the knee function info 3ET of Fig. 40, images other than an
SDR image can be employed as one of a coding target image and
a converted image.

[0213]

Specifically, in the same manner as in the case of Fig. 17, a
knee conversion 1D (knee function id) and a knee conversion
cancel flag (kneemfunctionwcanceliflag} are get in the

knee function info SEI of Fig. 40.

(02147

In addition, if the knee conversion cancel flag is 0, as
illustrated in Fig. 40, DR ceonversion information is set in the
knee function info SEI. The DR conversion information is the
same as in the case of Fig. 28 except that knee conversion
persistence flag (knee function persistence flag) is newly

included, and unconverted display range information



{input d range), unconverted display luminance information
(input disp luminance), converted display range information
(output_d range), and converted display luminance information
{cutput disp luminance) are included instead of the HDR
luminance range information (d range)} and the display luminance
information (d range disp luminance). Description of the
same part as in the case of Fig. 28 is repeated and thus will
be omitted as appropriate.

[0215]

As 1llustrated in Fig. 41, the knee conversion persistence flag
iz a flag indicating whether or not the DR conversion
information is applied to a plurality of pictures which are
continuously located. The knee conversion persistence flag is
set to 1 when the DR conversion information is applied to a
plurality of pictures which are continucusly located, and is
set to 0 when the DR conversion informaticn is applied to only
one picture. The knee conversion persistence flag may also be
set in the knee function_ info SEI of Figs. 17, 28, 34 and 36.
f0216]

In addition, the unconverted luminance range information is
information indicating a permillage of the maximum value of
luminance of a coding target image which is an unconverted image
in conversion corresponding to the DR conversion information,
and the converted luminance range information is information
indicating a permillage of the maximum value of luminance of
a converted image.

(0217]

In addition, the unconverted display lumirnance information is
information indicating an sxpected value of brightness of the
display unit corresponding tc the maximum value of lumlinance
of a coding target image, and the converted display luminance
information is information indicating an expected value of
brightness of the display unit corresponding to the maximum
value of luminance of a converted image.

(Tifth example of DR conversion information)

[0218]



Figs. 42 and 43 are diagrams illustrating examples of DR
conversion informaticn set in the knee function info SEI of Fig.
40.

[0212]

In the example of Fig. 42, a coding target image is an HDR image
(hereinafter, referred to as a 200% HDR image) whose dynamic
range is 0 to 200%. 1In addition, the user sets a 400% HDR image
which is obtained as a result of respectively knee-converting
0 to 120%, 120% to 160%, 160% to 180%, and 180% to 200% of
luminance of a 200% HDR image into O to 40%, 40% to 100%, 100%
to 180%, and 180% to 400%, as a desired converted image. The
440% HDR image is an HDR image whose dynamic range is 0 to 400%.
[0220]

In this case, in the knee function info SEI, the same values
as in Fig. 30 are set as pre-conversion position information
{input knee point) and post-conversion position information
{output knee point) of the 0-th to second knee points. In
addition, 2000 is set as the unconverted luminance range
information (input d range), and 4000 is set as the converted
luminance range information (ocutput d range).

[0221]

Further, in the example of Fig. 42, the unconverted display
iuminance information (input disp luminance) is 400 (candela
per sguare meter), and the converted display luminance
information {output disp luminance} is 800 (candela per square
meter). The compression flag (compression flag) is C.
02221

As illustrated in Fig. 42, in a case where a coding target image
is an image with a dynamic range corresponding to the
unconverted luminance range informaticon, and a converted image
is an image with a dynamic range corresponding to the converted
luminance range informaticn, a knee point input knee point PER
(%) and luminance output_kneempointhER (%) of a converted
image corresponding to the knee point are defined by the
following Eguaticn (3.

[Math. 3]



- 55 e

input_d_range input_knee_point

input_knee_point_DR=

10 1000
, _output_d_range _ output_knee_point
output_knee point_DR= 10 1000
- = {(3)

[0223]

Therefore, the decoding device 90 reccognizes that the 0-th to
second knee points input knee point PER are respectively 120%,
160%, and 180% according to Egquation {3}). In addition, the
decoding device 80 recognizes that the U~th to second luminances
cutput knee point PER are respectively 40%, 100%, and 180%.
Further, the deccding device 90 recognizes that the maximum
value of luminance of the coding target image is 200% from the
input luminance range information, and the maximum value of
luminance of the converted image is 400% from the output
luminance range information.

[0224]

Furthermore, the decoding device 90 respectively knee-converts
O to 120%, 120% to 160%, 160% to 180%, and 180% to 2060% of a
200% HDR image which is obtained as a result of decoding into
0 to 40%, 40% to 100%, 100% to 180%, and 180% to 400%, according
to a conversion straight line in which the knee peoints are
connected to each other in a set order. Therefore, the decoding
device 90 can convert the 2Z00% HDR image which is cbtained as
a result of decoding, into a desired 400% HDR image.

[0225]

In the example of Fig. 43, a coding target image is a 400% HDR
image. In addition, the user sets a 200% HDR image which is
obtained as a result of respectively knee-convertingC to 40%,
40% to 100%, 100% to 180%, and 180% to 400% of luminance of a
400% HDR image, into 0 to 120%, 120% to 160%, 160% to 180%, and
180% to 200% as a desired converted image.

[C226]

In this case, in the knee function info SEI, the same values
as in Fig. 31 are set as pre-conversion position information

{input knee point} and post-conversion position information



(output knee point} of the 0-th to second knee points. In
addition, 4000 is set as the unconverted luminance range
information {input d rangej, and 2000 1s set as the converted
luminance range information (output d range).

[0227]

Further, in the example of Fig. 43, the unconverted display
luminance information (input disp luminance) is 800 (candela
per sqgquare meter), and the converted display luminance
information {(ocutput disp luminance) 1s 400 (candela per sguare
meter). The compression flag {compression flag)} is 1.
[0228]

As described above, in a case where a coding target image 1is
an image with a dynamic range corresponding to the unconverted
luminance range information, and a converted image is an image
with a dynamic range corresponding to the converted luminance
range information, a knee point input knee point PER (%) and
luminance output knee point PER (%) of a converted image
correspeonding to the knee point are defined by the above
Egquation (3.

[6229]

Therefore, the decoding device 90 recognizes that the 0O-th to
100%, and 180% according to Equation (3). In addition, the
decoding device 90 recognizes that the 0-th to second luminances
cutput knee point PER (%) are respectively 120%, 160%, and 180%.
Further, the decoding device %0 recognizes that the maximum
value of luminance of the coding target image 1s 400% from the
input luminance range information, and the maximum value of
luminance of the converted image is 200% from the output
luminance range information.

[0230]

Furthermore, the decoding device 20 respectively knee-converts
0 to 40%, 40% to 100%, 100% to 180%, and 180% to 400% of a 400%
HDR image which is obtained as a result of decoding inte 0 to
120%, 120% to 160%, 160% to 180%, and 180% to 200%, by connecting

the knee points to each other in a set order. Therefore, the



decoding device 90 can convert the 400% HDR image which is
obtained as a result of decoding, into a desired 200% HDR image.
(0231}

As mentioned above, according to the DR conversion information
of Fig. 40, not only conversion between an SDR image and an HDR
image but also conversion between HDR images with different
dynamic ranges can be performed as desired by a user in the
decoding device 90. A dynamic range of an HDR image may be
greater than 0 to 100%, and may be 0 to 400%, 0 to 800%, 0 to
1300%, and the like. In addition, an expected value of
brightness of the display corresponding to the maximum value
of luminance of an HDR image may be greater than 100 {(candela
per square meter}, and may be 800 {candela per square meter),
4000 (candela per squaremeter), 1500 (candela per square meter),
and the like,.

[Description of operation of decoding device]

[0232]

Fig. 44 is a diagram illustrating an cperation of the decoding
device 90 in a case where the knee function info SEI of Fig.
40 is set in a plurality.

(0233}

In an example of Fig. 44, a coding target image is a 400% HDR
image. In additicn, knee function info SEI thereinafter,
referred to as 800% HDR image knee function info SEI) forx
setting a desired converted image tco a B00% HDR image whose
dynamic range is 0 to 800%, and knee function info SEI
(hereinafter, referred to as SDR image knee function info SET)
for setting a desired converted image to an SDR image, are set,
In this case, different knee conversien IDs are given to the
800% HDR image knee function info SEI and the SDR image
knee function info SET.

f0234]

In a case where the display unit 95 is an HDR display which can
display a 800% HDR image, the decoding device 320
knee-decompresses luminance of a 400% HDR image which is a

decoded image on the basis of the 800% HDR image



knee function info SEI, so as to generate a desired 800% HDR
image as a display image.

[0235])

On the other hand, in a case where the display unit 95 is an
HDR display which can display a 400% HDR image, the deccding
device 90 uses a 400% HDR image which i1s a decocded image as a
display image without change. In addition, in a case where the
display unit 95 is an SDR display, the decoding device 20
knee-compresses luminance of a 400% HDR image which is a decoded
image on the basis of the SDR image knee function info SEI, so
as to generate a desired SDR image as a display image.
[0236]

In addition, the DR conversion information of Fig. 40 may be
included in S&I such as tone mapping info SEI other than
knee function info SET.

(Fourth example of syntax of tone mapping info SET)

[0237]

Fig. 45 is a diagram illustrating an example of syntax of
tone mapping info SEI in a case where the DR conversion
information of Fig. 40 is included in the

tone mappling info SET.

[0238]

As illustrated in Fig. 45, in a case where the DR cocnversion
information of Fig. 40 is included in the tone mapping info_ SEI,
tone map model id is set to, for example, 5. In addition, in
the tone mapping info SET, & compression flag

{compression flag), input luminance range information
{input d range), input display luminance range

{input d range disp luminance), output luminance range
information (output d range), output display luminance range
(output_d range disp luminance), a knee point number
(num_knee point minusl), and pre-conversion position
information (input knee point) and post-conversion position
information (cutput knee point) of each knee point are set in
the tone mapping info SET as DR conversion information.

[0239]



In addition, at least one of the input luminance range
information (input_d range), the input display luminance range
(input d range disp luminance), the output luminance range
information {output d range}, and the cutput display luminance
range (output d range disp luminance) may not be included in
the tone mapping info SEI cof Fig. 45.

(02401

In addition, in the above description, the DR conversion
information is disposed in SEI, but may be disposed in a system
lavyer.

(Example of dispcesing DR conversion information in box of MP4)
[0241]

[Description of box of MP4 in which DR conversion information
is disposed]

[0242]

Fig. 46 is a diagram illustrating a box of MP4 as a system layer
in which DR conversion information is disposed,.

[0243]

As illustrated in Fig. 46, in a case where DR conversion
information is disposed in a box of MP4, a tinf (Tone Mapping
Information Box) box which stores DR conversicn information as
ToneMapInfo is newly defined. The tinf box is stored in a trak
hox {track box) (a stbl box stored therein) or a traf box [(track
fragment box).

{Example of syntax of ToneMapInfo)

[0244]

Fig. 47 is a diagram illustrating an example of syntax of
ToneMapinfo.

[0245]

ToneMapinfo of Fig. 47 has the same configuration as that of
the tone mapping info SEI of Fig. 32 except that padding value
for byte alignment is inserted thereintoc.

[024¢6]

Inaddition, althcugh not 11llustrated, ToneMapInfomay have the
same configuration as that of the tone mapping info SEI of Fig.

26, 27, 39, or 45 except that padding value for byte alignment



is inserted thereintc.

[0247]

In addition, in the same manner as in the second embodiment,
the conversion information in the first embocdiment may be
disposed in a system lavyer.

[0248]

In addition, an HDR image desired by a user mavy be an HDR image
which is input to the coding device 70.

[0249]

further, in the second embodiment, an HDR image is input to the
coding device 70, but an SDR image may be input thereto. In
this case, when a coding target image is an HDR image, the coding
device 70 converts an SDR image which ig input from an external
device into an HPR image which is then set as a coding target
image.

[0250]

In addition, a plurality of knee points are set in the

knee function info SEI of Fig. 40. Therefore, knee conversion
of a smocther and more complex function can be defined than in
a case where only one knes point is set. As a result, the
conversion unit 93 can perform the optimal knee conversion.
{02513

However, 1f the number of knee polnts increases, an amount of
DR conversion information increases. Therefore, for example,
in a case where a decoded image and DR conversion information
are transmitted with HDMI, an amount of the DR conversion
information is equal to or larger than 27 bytes which is a size
of one packat of AVI Infolrame of HOMI, and thus the DR conversion
information may not be included in AVI InfoFrame.

[0252]

Therefore, in a third embodiment described later, a decoding
device performs thinning~out of an optimal knee point in a case
where an amount of DR conversion information is reduced, such
as a case where the DR conversion information is transmitted
with HDMI.

[Third Embodiment}



[02531

(First example of semantics)

(02541

A first configuration of a third embodiment of a coding device
to which the present disclosure is applied is the same as the
configuration of the coding device 70 of Fig. 16 except for the
order 1 of knee points and semantics indicated by the

knee functicn_info SEI of Fig. 40 set by the setting unit 71.
Therefore, hereinafter, only the order i of knee points and
semantics indicated by the knee function info SEI of Fig. 40
will be described.

[0255]

In the first configuration of the third embodiment of the coding
device to which the present disclosure is applied, the order
1 of knee points is set in an order in which priorities for
representing a desired function of knee conversion are higher
in the knee function info SEI of Fig. 40.

[025¢]

In addition, Fig. 48 is a diagram illustrating that semantics
in the first configuration of the third embodiment of the coding
device to which the present disclosure is applied is different
from that in the second embodiment.

[0257]

As i1llustrated in Fig. 48, in the semantics of Fig. 40 in the
first configuration of the third embodiment of the coding device
to which the present disclosure 13 applied, pre-conversion
position information (input knee pointli]) of an i-th knee
point may be egual to or less than pre-conversion position
information (input knee point[i-1]) of a {i-1)-th knee point.
In other words, the order i (where i is an integer of 0 or more)
in which the pre-conversicn position information and the
post-conversion position information of a knee point are set
may not be an order in which the post-conversion position
information is less.

(0258

In addition, a function (knee function) of knee conversion is



a straight line which connects knee pcints to each other in an
order {ascending order) in which the pre-conversion pesition
infermation (input knee point} 1s smalier.

[0259]

Further, a decoded image may be knee-converted by using an
approximate function of knee conversion. The approximate
function of knee conversion is a straight line which connects
O~th to N-th (where N is equal to or greater than 0 and egual
to or smaller than num knee point minusl) knee peoints to each
other in an corder in which the pre-conversion position
information is less. Since the order 1 of knee points is set
in an order in which a pricrity for representing a desired
function of knee conversion is higher, an approximate function
of knee conversion i1s more approximate to a desired function
of knee conversion as N is greater.

(First configuration example of one embodiment of decoding
system)

02607

Fig. 49 is a block diagram illustrating a first configuration
example of an embodiment of a decoding system to which the
present disclosure is applied and which deccdes a coded stream
transmitted from the first configuration of the third
embodiment of the coding device to which the present disclosure
is applied.

[0261]

Among constituent elements illustrated in Fig. 49, the same
constituent elements as the constituent elements of Figs. 12
and 22 are given the same reference numerals. Repeated
description will be comitted as appropriate.

[0262]

A decoding system 110 of Fig. 49 includes a decoding device 111
and a display device 112. The decoding device 111 includes a
reception unit 51, an extraction unit 91, a decoding unit 92,
a selection unit 121, and a transmission unit 122.

[0263]

The selection unit 121 of the decoding device 111 acquires



krnee function info SEI among parameter sets extracted by the
extraction unit 91. The selection unit 121 selects DR
conversicon information of the number (for example, 3) of knee
points included in a single packet of AVI InfoFrame of HDMI in
an order in which the order i is lower from among DR conversion
information pieces of a plurality of knee points included in
the knee function info SEI. The selection unit 121 supplies
the selected DR conversion information of the knee point to the
transmission unit 122.

[0264]

The transmission unit 122 disposes the DR conversion
information selected by the selection unit 121 in a single
packet of AVI InfoFrame of HDMI, and transmits a result thereof
to the display device 112 with HDMI along with a decoded image
generated by the decoding unit 92.

[0265]

The display device 112 includes a reception unit 131, a
conversion unit 93, a display control unit 94, and a display
unit 95,

[0266]

The recaption unit 131 of the display device 112 receives AVI
InfoFrame and the decoded image which are transmitted from the
transmission unit 122 with HDMI. The reception unit 131
supplies the DR conversion information disposed in AVI
Infoframe and the decoded image to the conversion unit 23.
[Description of first selection method of knee point]

[0267]

Fig. 50 is a diagram illustrating an example of a knee point
and a function of knee conversion defined by the

knee function info SEI which is receilved by the decoding system
110 of Fig. 49.

10268}

In addition, in the example of Fig. 50, a knee pcint number
(number knee point minusl) set in the knee function info SEI
is 8.

[0269]



As illustrated in Fig. 50A, among eight knee points set in the
knee function info SEI, pre-conversion position information
{input knee point[Ci) of the 0-th knee point is 200, and
post-conversion position infermation (output knee point{0])
thereof is 433. In additicn, pre-conversion position
information (input knee point[1l]) of the first knee point is
600, and post-conversion position information
{output knee point[i])} thereof is 774, and pre-conversion
position information (input knee point{2]) of the second knee
point is 100, and post-conversion position information
(output knee point[2]) thereof is 280.

[0270]

Further, pre-conversion position information
{(input knee point{3]) of the third knee point is 400, and
post-conversion position information (cutput knee polint[3])
thereof is 628, and pre-conversicn position infeormation
(input knee point{4}} of the fourth knee point is 800, and
post-conversion position information (output knee point{4])
thereof is 894.

[0271]

Ffurthermore, pre-conversion position information
{input knee point{5}) of the fifth knee point is 300, and
post-conversion positicon information (output knee point[5])
thereof is 540, and pre-conversicn position information
{input_knee_point[6]) of the sixth knee point is 500, and
post-conversion position information (output knee peint[6])
thereof 1s 7005.

(62727

In additicn, pre-conversion position information
(input knee point{7]}) of the seventh knee point is 700, and
post-conversion position information {(output knee point{7])
thereof is 836, and pre-conversicon position information
(input knee point{8]) of the eighth knee pcint is 900, and
post-conversicn position information {cutput knee point[8])
thereof is 949.

[(0273]



In this case, the respeclhive knee points are connected to each
other in an order in which the pre-conversion position
information is less, and thus a function of knee conversion is
as illustrated in Fig. 50B. In other words, a straight line
which connects the knee points to each other in an order of the
second, 0-th, fifth, third, sixth, first; seventh, fourth and
eighth knee points, serves as a function of knee conversion.
In addition, the transverse axis of Fig. 50B expresses luminance
of a coding target image, and the longitudinal azis expresses
luminance of a converted image. This is also the same for Figs.
51, 52, and 57 to 59 described later.

[0274]

In a case where the selection unit 121 selects DR conversion
information pieces of three knee points from the DR conversion
information pieces of the knee points defined by the

knee function info SEI of ¥ig. 50A, an approximate function of
knee conversion having the selected knee points is as
illustrated in Fig. 51.

[0275]

In other words, in this case, the selection unit 121 selects
DR conversion information pieces of the 0-th to second knee
points from among the DR conversion infeormation plieces of the
0-th to eighth knee points defined by the knee function info
SEI. Therefore, & knee conversion functionhaving the selected
knee points is a straight line which connects the 0-th to second
knee points to each other in an order in which the pre-conversion
position information is less, thatis, in an corder of the second,
G-th and first knee polnts.

0276}

Meanwhile, 1Ln a case where the selection unit 121 selects DR
conversion information pieces of five knee points from among
the DR conversion information pieces of the knee points defined
by the knee function info SEL of Fig. 50A, an approximate
function of knee conversion having the selected knee polnts is
as illustrated in Fig. 52Z.

[0277]



In other words, in this case, the selectiocon unit 121 selects
DR conversion information pieces of the 0-th to fourth knee
polints from among the DR conversion information pieces of the
0-th to eighth knee pcints defined by the knee function info
SEI. Therefore, a knee conversion function having the selected
knee points is a straight line which connects the 0-th to fourth
knee points to each other in an order in which the pre-conversion
position information is less, that is, in an order of the second,
O0-th, third, first and fourth knee points.

[0278]

The order i of the knee polnts is set in an order of a priority
for representing the function of Fig. 50B which is a desired
function of knee conversion is higher, and DR conversion
information pieces of a predetermined number of knee points are
selected from the lower order i. Therefore, as illustrated in
Figs. 51 and 52, an approximate function of knee conversion is
more approximate to the function of Fig. 50B than in a case where
other knee points of the same number are selected.

[(0279]

In additicn, a larger number of knee points lead to a smoother
and more complex function. Therefore, an approximate function
of knee conversion of Fig. 52 in which the number of knees points
is five is more approximate to the function of knee conversion
of Fig. 50B than an approximate function of knee conversion of
Fig. 51 in which the number of knee points is three.
[Description of process in decoding system)

[0z380]

Fig. 53 is a flowchart illustrating a decoding process performed
by the decoding device 111 of the decoding system 110 of Fig.
49,

[0281]

In step S111 of Fig. 53, the reception unit 51 of the deccding
device 111 receives a coded stream transmitted from the coding
device 70 of Fig. 16, and supplies the ccded stream to the
extraction unit 91,

[0zBz]



In step 3112, the extractilion unit 21 extracts parameter sets
and coded data from the coded stream which is supplied from the
reception unit 51. The extraction unit 921 supplies the
parameter sets and the coded data tc the deceding unit %2. In
addition, the extraction unit 91 supplies knee function info
SEI among the parameter sets tc the selection unit 121.
[0283]

In step 5113, the decoding unit %2 decodes the coded cata
supplied from the extraction unit 91 in the HEVC method. At
this time, the decoding unit 92 also refers to the parameter
sets supplied from the extraction unit 91 as necessary. The
decoding unit %92 supplies the decoded image to the transmission
unit 122.

[0284]

In step S$114, the selection unit 121 selects DR conversion
information of the number of knee points included in a single
packet of AVI InfoFrame of HDMI in an order in which the order
i 1is lower from among DR conversion information pieces of a
plurality of knee points included in the knee function info SEI
from the extraction unit 91. The selection unit 121 supplies
the selected DR conversion information of the knee point to the
transmission unit 1Z2.

[0285]

In step 8115, the transmission unit 122 disposes the DR
conversion information selected by the selection unit 121 in
a single packet of AVI InfoFrame of HDMI, and transmits a result
thereof to the display device 112 with HDMI along with a decoeded
image generated by the decoding unit 22. In addition, the
process is finished.

[0286]

Fig. 54 is a flowchart illustrating a display process performed
by the display device 112 of the decoding system 110.

[0287]

In step 5131 of Fig. 54, the reception unit 131 of the display
device 112 receives the DR conversion information disposed in

AVI InfoFrame and the decoded image which are transmitted from



the transmission unit 122 with HDMI. The reception unit 131
supplies the DR conversion information and the deccded image
to the conversion unit 93.

[6288]

Processes in steps S132 to 5134 are the same as the processes
in steps S¢5 and 397 of Fig. 23, and thus description thereof
will nct be repeated.

[0289]

As mentioned above, in the first configuration of the third
embodiment to which the present disclosure is applied, the DR
conversion information of the knee point in which the crder is
set in an order in which a pricrity for representing a desired
knee conversion is higher is set in the knee function info SEI
and is transmitted. Therefore, the deccding device 111 selects
DR conversion information of the number of knee points included
in a single packet of AVI InfoFrame in an order in which the
order 1 is lower, and thus can dispose DR conversion information
of the knee point indicating an approximate function of knee
conversion which is more approximate to a desired function of
knee conversion in a single packet of AVI InfoFrame.
{(Example of syntax of knee*functioniinfo SEI)

[0290]

A second configuration of the third embodiment of the coding
device to which the present disclosure is applied is the same
as the configuration of the coding device 70 of Fig. 16 except
for the knee function info SEI set by the setting unit 71 and
semantics. Therefore, hereinafter, only the

knee function info SEI and semantics will be described.
[0291] .

Fig. 55 is a diagram illustrating an example of syntax of
knee function info SEI set by the setting unit 71 in the second
configuration of the third embodiment of the coding device to
which the present disclosure is applied.

[0292]

The knee function info SEI of Fig. 55 is the same as the

knee function info SEI of Fig. 40 except that an approximate



knee point index (approximate knee point index} (pricrity
information) indicating the order 1 is set in an corder in which
a priority for representing a desired function of knee
conversion is higher.

(02931

In the knee function info SEL of Fig. 55, the order i of knee
points is an order in which the pre-conversion position
information is less in the same manner as in the case of Fig.
40, but the approximate knee point index
(approximate knee point index) is newly set. A value of the
approximate knee point index (approximate knee point index)
is equal to or less than the knee point number

(number knee point minusl).

{Second example of semantics)

[0294] |

Fig. 56 iz a diagram illustrating that semantics of Fig. 55 is
different from that c¢f the second embodiment.

10295]

As illustrated in Fig. 56, in the semantics of Fig. 55, a decoded
image may be knee-converted by using an approximate function
of knee conversion. This approximate function of knee
conversion 1s a straight line which connects knee points in
which the order i is 0-th toc N-th (where N is egual to or greater
than 0 and egqual to or smaller than num knee point minusl)
approximate knee point index (approximate knee peoint index[(]
to appreximate knee peint index[N]) in an order in which the
order 1 is lower. An order j of the approximate knee point
indexes is an order in which a priocority for representing a
desired function of knee conversion is higher, and thus an
approximate function of knee conversion is more approximate to
a desired function of knee conversion as N is greater,
{Configuration example of one embodiment of coding system)
[0296]

& second configuration of an embodiment ¢f the decoding system
to which the present disclosure is applied is the same as the

configuration of the decaoding system 110 of Pig. 4% except that



selection by the selecticon unit 121 is performed on the basis
of not the order i of knee points but the order j of the
approximate knee point indexes. Therefore, hereinafter, oniy
selection by the selection unit 121 will be described.
[Description of second selection method of knee polint]
[0297]

Figs. 57A and 57B are diagrams illustrating an example of a knee
point and a function of knee conversion defined by the

knee function info SEI of Fig. 55.

[0298]

In addition, in the example of Figs. 57A and 57B, a knee point
number (number knee point minusl) set in the

knee function_info SEI is 8 in the same manner as in Figs. 50A
and 50B, and knee points are also the same as in Figs. 50A and
50B. However, in the knee function info SEI of Fig. 55, the
order 1 of knee points is an order in which the pre-conversion
positlion information is less, and is thus different from that
of Figs. 50A and 50R,

[0299]

As illustrated in Fig. 57A, among eight knee points set in the
knee function info SEI, pre-conversion position information
(input_knee_point[O]) of the 0O~th knee point is 100, and
post-conversion pesition informaticn {output knee point[0])
thereof is 2%90. In addition, pre-conversion position
information {(input knee peint[l]) of the first knee point is
200, and post-conversion position information
{output knee point{l]) thereof is 433, and pre-conversion
position information {input knee point[Z2]) of the second knee
point 1is 300, and post-conversicon position information
(output knee point{Z]} thereof is 540.

03007

Further, pre-conversion positicn information
(input knee pointi3]) of the third knese point 1is 400, and
post-conversion peosition informaticon (output knee point(3])
thereof is 628, and pre-conversion position informatiocon

(input knee point[4}) of the fourth knee point is 300, and



post-conversion position informaticon {(output knee point{4])
thereof is 705.

[0301]

Furthermore, pre-conversion position information
(input_knee point{5]} of the fifth knee point is %00, and
post-conversion position information (output knee pointib])
thereof is 774, and pre-conversion position information
{input knee point[¢]) of the sixth knee point is 700, and
post-conversion position information {output knee point[6])
thereof is 836.

[0302]

In addition, pre-conversion position information
{input_knee point[7]) of the seventh knee point is 800, and
post-conversion position information (cutput knee point[7])
thereof is 894, and pre-conversion position infermation
{input knee point(8]) of the eighth knee point is %00, and
post-conversion position information (cutput knee point([8])
thereof is 949.

(03037

In this case, the respective knee points are connected to each
other in an order in which the order 1 is lower, and thus a
function of knee conversion is as illustrated in Fig. 57B.
[0304]

In addition, as iliustrated in Fig. 37A, the approximate knee
point indexes (approximate knee point index) in which the
order 1 is 0 to 8 are 1, 5, 0, 3, 7, 2, 4, o, and 8 in order.
{0305]

In & case where the selection unit 121 selects DR conversion
information pieces of three knee points from among the DR
conversion information pieces of the knee points defined by the

knee function info SEI of Fig. 57A, a function of knee

conversion having the selected knee points is as 1llustrated
in Fig. 58.
[G306]

In other words, in this case, the selection unit 121 selects

DR conversion information pieces c¢f the knee points in which



the order i is the 0-th to second approximate knee point indexes
(approximate knee point index) from among the DR conversion
information pieces of the O-th to eighth knee points defined
by the knee functicn info SEI. In other words, the selection
unit 121 selects the DR conversion information pieces of the
first, fifth and 0~th knee points. Therefore, a knee conversion
function having the selected knee points is a straight line
which connects the first, fifth and 0-th knee points to each
other in an order in which the order is lower, that is, in an
order cof the 0~th, first and £ifth knee points.

L0307

Meanwhile, in a case where the selection unit 121 selects DR
conversion information pieces of five knee points from among
the DR conversion informaticn pieces of the knee points defined
by the knee function info SEI of Fig. 57A, a function of knee
conversion having the selected knee points i1is as illustrated
in Fig. 59.

10308]

In other words, in this case, the selection unit 121 selects
DR conversion information pieces c¢f the knee points in which
the order i is the 0-th to fourth approximate knee point indexes
{approximate knee point index] from among the DR conversion
information pieces of the 0-th to eighth knee pcints defined
by the knee function info SEI. In other words, the selection
unit 121 selects the DR conversion information pieces of the
first, £ifth, 0-th, third and seventh knee points. Therefore,
a knee conversicn function having the selected knee points is
a straight line which connects the first, £ifth, 0-th, third
and seventh knee points to each cocther in an crder in which the
order 1 is lower, that is, in an order of the O~th, first, third,
fifth and seventh knee points.

[0309]

The order 3 of the approximate knee point indexes is set 1n an
order of pricrities for representing the function of Fig. 57B
which is a desired function of knee conversion 1s higher, and

DR conversicon information pieces of knee points with a



predetermined number of approximate knee point indexes in the
order 1 are selected from the lower order 7. Therefcre, as
illustrated in Figs. 58 and 59, an approximate function of knee
conversion is more approximate to the functicn of Fig. 57B than
in a case where other knee polints of the same nunber are selected.
[0310]

In addition, a larger number cof knee points lead to a smoother
and more complex function. Therefore, an approximate function
of knee conversion of Fig. 59 in which the number of knee points
is five is more approximate toe the function of knee conversion
of Fig. 57B than an approximate function of knee conversion of
Fig. 58 in which the number of knee points is three.

{0311}

In addition, as illustrated in Fig. 60, the approximate knee
point index (approximate knee point index} may be set in
apprcximate knee function info SEI different from

knee function info SET.

(03121

In this case, an approximate knee conversiocn ID
(appreozimate knee function id) and an approximate knee
conversion cancel flag
(approximate knee function cancel flag) are set in the
approximate knee function info SEI.

(03137

The approximate knee conversion 1D 1is an ID unigue to the purpose
of knee conversion using an approximate function. In addition,
the approximate knee conversion cancel flag is a flag
illustrating whether or not persistence of previous
approximateikneeifunction#info SET is canceled. The
approximate knee conversion cancel flag is set to 1 when
indicating that persistence of previous
approximate knee function info SEI i1s canceled, and is set to
0 when the persistence is not canceled.

[0314]

In @ case where the approximate knee conversion cancel flag is

0, areference knee conversion ID {(ref knee function id) is set



in the approximate knee function info SEI. The reference knee
conversion ID is a knee conversion ID of knee function info SEI
including DR information of a knee point indicating a function
of knee conversionwhich is approximated by using an approximate
knee point index of the approximate knee function info SEI.
[G315]

In addition, an approximate knee point index number
{num_approximate knee point indices minusl) which is a value
obtained by subtracting 1 from the number of approximate knee
point indexes, and an approximately knee point index
{approximate knee point index) are set.

[0316]

As mentioned above, also in a case where the approximate knee
point index (approximate knee point index) is set in the
approximate knee function info SEI, semantlics is Lhe same as
the semantics described in Fig. 56.

[0317]

In addition, in the above description, only the

knee function info SET including DR information of a knee point
indicating a function of knee cceonversion is set, but

knee function infec SEI including DR information of a knee point
indicating an approximate function of knee conversion may be
set. In this case, for example, DR information of a knee point
indicating a function cof knee conversion is set to

knee function info SEI in which a knee ceonversion ID is 0, and
DR information of a knee point indicating an approximate
function of knee conversion is set to knee function info SEI
in which a knee conversion ID is 1. Further, in a case where
DR information is transmitted with HDMI, the decoding device
disposes the DR information included in the knee function info
SET in which the knee conversion ID is 1, in a single packet
of AVI InfoFrame, and transmits the DR information.

(03181

In addition, a unique ID is set in predetermined brightness as
the unconverted display luminance information

{input disp luminance) and the converted luminance range



information {cutput d range), and thus it is possible to reduce
a DR information amount. 1In this case, for example, 0 may be
assicned to 400 candela per sguare meter, and 1 may be assigned
to 800 candela per square meter, as an 1D. A correspondence
relationship between an ID and brightness assigned with the ID
1s set in common to a coding side and a display side, and thus
the display side can recognize the brightness from the ID.
[0319]

In the third embodiment, a knee point is selected in an order
in which priorities for representing a desired function of knee
conversion are higher, but a knee point may be selected in other
orders.

[0320]

In additicn, in the third embodiment, the number of selected
knee points is the number which canbe included in a single packet
of AVI InfcFrame, but is not limited thereto. For example, in
a case where the deccdingdevice 111 has a function of the display
device 112, the number of selected knee points may be the number
of knee polints corresponding to knee conversion which can be
processed by the conversion unit 93, or the like.

[Fourth Embodiment)

03217

[Basis of fourth embodiment]

[0322]

As illustrated in Fig. 61, in a cathode ray tube (CRT) used in
a CRT displiay, an input electrical signal and display luminance
have no proporticnal relationship, and it is necessary to input
a higher electrical signal in order to display high luminance.
Therefore, i1f an electrical signal which is proportional to
luminance of an image is input to the CRT display as 1llustrated
in Fig. 62, display luminance is lower than original luminance
of the image as illustrated in Fig. ©3. Therefore, in order
to display an image with the original luminance of the image,
as illustrated in #ig. 64, it is necessary to convert luminance
of an image into an electrical signal by using a function having

a characteristic reverse to that of the function of Fig. 51.



(03231

In addition, in Figs. 61 and €3, the transverse axis expresses
a value obtained by normalizing an input electrical signal when
a value of the input electrical signal for displaving with the
maximum luminance in the CRT display is set to 1, and the
longitudinal axis expresses a value obtained by normalizing
display luminance when the maximum value of the display
luminance of the CRT display is set to 1. In Figs. &2 and 64,
the transverse axis expresses a value obtained by nermalizing
luminance of a display target image when the maximum value of
the luminance of a display target image i1s set to 1, and the
longitudinal axis expresses a value obtained by normalizing an
electrical signal when a value of the electrical signal
corresponding to the maximum value of the luminance of a display
target image is set to 1.

[0324]

A functicn for converting an input electrical signal into
display luminance as illustrated in Fig. 61 is referred to as
electro-optical transfer functicn (EOTF), and a function for
converting luminance of an image into an electrical signal as
illustrated in Fig. 64 is referred to as an optical-electro
transfer function (QETE).

[0325]

Other displays such as a light emitting diode (LED) panel have
characteristics different from the characteristics of the CRT
display. However, in order not to change generation procedures
of an input electrical signal depending on displays, processes
using the EOTF and the OETE are aiso performed in the same manner
as in the CRYT display in a case of performing display with other
displays.

[0326]

Pig. 65 1s a diagram illustrating an example of a flow of a
process until an image 1s displayed from capturing of the image.
[0327]

In addition, in the example of Fig. €5, an electrical signal

is a code value of 10 bits (0 to 1023}, and the OETF and the



ECFT are defined in BT.709.

(03281

As illustrated in Fig. 65, when an image is captured by & camera
or the like, a photoelectric conversion process of converting
luminance (light) into an electrical signal (code value) by
using the OETF ie performed on the captured image. Then, the
electrical signal is coded, and the coded electrical signal is
decoded. In addition, an electro-optical conversion process
of converting an electrical signal intoe luminance by using the
EOTF 1is performed on the decoded electrical signal.

[0329]

Meanwhile, the human visual sense has a characteristic c¢f being
sensitive to a luminance difference at low luminance and being
insensitive to a luminance difference at high luminance.
Therefore, as illustrated in Fig. 65, the OETEF of BT.70% is a
function in which more code values are assigned to a low
luminance part than a high luminance part. As a result,
subijectively sufficient image quality is realized.

[0330)

In a case where the maximum luminance of an image is about 100
candela per square meter, satisfactory code values can be
assigned to a low luminance part by using the OETE of BT.709.
However, the maximum luminance of displays has recently tended
Lo increase, and is expected to be accelerated in the future.
If the maximum luminance of an image increases in accordance
therewith, code values tc be assigned to a low luminance part
are insufficient in the OETF of BT.709, and thus satisfactory
image quality is unable to be obtained.

[0331]

Therefore, it is considered that a new OETEF for use in an HDR
image in which a ratio of code values assigned to a low luminance
part is increased 1s generated, and thus satisfactory image
cguality is obtained in an HDR image. However, in this case,
in order to perform a photoelectric conversion process and an
electro-optical conversicon process, if is necessary Lo prepare

for both an OETF and an EQTEF for an HDR image and an OETF and



an EOTEF for an SDR image.

[0332]

On the other hand, in a case where electro-optical conversion
is performed on an SDR image by using an OETF for an HDR image,
grayscale expressicn of luminance is roughened.

[0333)

For example, as illustrated in Fig. 6&, 1n & case where
photoelectric conversion is performed on an SDR image by using
an QETF of BT.709 for an $DR image having the maximum luminance
of 100 candela per sguare meter, luminance of the SDR image is
expressad in codes of 1024 including 0 to 1023. In contrast,
as illustrated in Fig. 67, in a case where photoelectric
conversion is performed on an SDR image by using an OETF for
an HDR image having the maximum luminance of 400 candela per
square meter, luminance of the SDR image is expressed, for
example, in 502 code values including ¢ to 501.

[0324]

Therefore, an CETF and an EOQOTF are preferably variable in order
to assign sufficient code values to a low luminance part in both
an HDR image having high maximum luminance and an SDR image
having low maximum luminance. Therefore, in the fourth
embodiment, knee conversion is performed before the OETE of
BT.709 and after the EQOTF of BT.702, and thus sufficient code
values can be assigned to a low luminance part.

{Overview of photoelectric conversion process in fourth
embodiment |

[0335] _
Fig. 68 is a diagram illustrating an overview of a photoelectric
conversion process in the fourth embodiment.

[0336]

As illustrated in the left part of Fig. 68, in the fourth
empodiment, first, predetermined knee conversion is performed
on luminance {input luminance} of a captured image. In an
example of Fig. é8, through the knee conversion, 10% of a low
luminance part of the input luminance is converted inte 20% of

the low luminance part of input luminance', and 20% of a high



luminance part of the input luminance is converted into 10% of
the high luminance part of the input luminance'. Accordingly,
there is a generation cof the input luminance' in which more
values are assigned to the low luminance part than the high
luminance part.

{0337]

Next, as illustrated in the central part of Fig. 68, a
photoelectric conversion process using the OETF of BT.709 is
performed on the input luminance’' sc as to generate a code value
of a predetermined number of bits {10 bits in the example of
Fig. €8). As described above, since, in the input luminance’,
more values are assigned to the low luminance part than the high
luminance part, as illustrated in the right part of Fig. 68,
more values are assigned in code values converted from the input
luminance’' due to the low luminance part of the input luminance
than in the OETF of BT.709. In the example of Fig. 68, 10% of
the low luminance part of the input luminance i1s assigned to
894% of code values.

[0338]

As mentioned above, in the fourth embodiment, an extent of
assigning code values to a low luminance part (dark part) and
an extent of assigning the code values to a high luminance part
{(bright part) are adijusted by using a function of knee
conversicn as a parameter.

[0339]

In addition, information on a knee point of knee conversion
performed con the input luminance is set in the

knee function info SEI of Fig. 40 and is transmitted to a
decoding side.

[Overview of electro-optical conversion process in fourth
embodiment]

[0340]

Fig. 6% is a diagram illustrating an overview of an
electro~optical conversion process in the fourth embodiment.
[0341]

As illustrated in the left part of Fig. 69, in the fourth



empodiment, first, an slectro-optical conversion process using
the EQTF of BT.705% is performed on code values of a decoded image
so as to generate luminance (cutput luminance}. Next, as
illustrated in the central part of Fig. 698, predetermined knee
converslion is performed on the output luminance. In an example
of Fig. 68, through the knee conversion, %0% of a low luminance
part of the output luminance is converted into 10% of & low
luminange part of output luminance', and 10% of a high luminance
part of the ocutput luminance 1s converted into %0% of a high
luminance part of the cutput luminance'.

[0342]

Accordingly, as illustrated in the right part of Fig. €9, ccde
values inwhichmore values are assigned due to the low luminance
part of the input luminance than in the EOTF of BT.70% can be
converted into the same cutput luminance' as input luminance
corresponding to the code values.

[0343]

As menticoned above, in the fourth embodiment, code values in
which an extent of assignment to a low luminance part (dark part)
and an extent of assignment to a high luminance part (bright
part) are adjusted are converted intc luminance by using a
function of knee conversion as a parameter.

[0344]

In additicn, information on a knee point of knee conversion
performed on the cutput luminance is determined on the basis
of information set in knee function info SEI or the like
transmitted from a coding side.

{Configuration example of fourth embodiment of coding device)
[0345]

Fig. 70 is a block diagram illustrating a configuration example
of the fourth embodiment of a coding device to which the present
disclosure is applied.

[034¢6]

Among constituent elements illustrated in Fig. 70, the same
constituent elements as the constituent elements of Fig. 6 or

16 are given the same reference numerals. Repeateddescription



will be omitted as appropriate.

[0347]

A configuration of a coding device 150 of Fig. 70 1s different
from the configuration of Fig. 16 in that a gquantization unit
151 is provided instead of the conversiocon unit 73. The coding
device 150 performs a photoelectric conversion process on a
captured image which is input from an external device so as to
perform coding.

[0348]

Specifically, the guantization unit 151 of the coding device
150 knee—converts luminance ¢f the captured image which is input
from the external device. Information on a knee point of the
knee conversion is set in knee function info SEI by the setting
unit 71. The quantization unit 151 performs a photoelectric
conversion process using the OETF of BT.70% on the
knee-converted luminance so0 as to generate a code value. The
guantization unit 151 supplies the generated code value to the
coding unit 72 as a coding target image.

<Description of process in coding device>

[G349]

Fig. 71 is a flowchart 1llustrating a stream generation process
performed by the coding device 150 of Fig. 70.

[G3320]

In step S150 of Fig. 71, the guantization unit 151 of the coding
device 150 knee-converts luminance of a captured image which
is input from an external device. In step 5152, the
guantization unit 151 performs a photoelectric conversion
process using the EOTF of BT. 709 on the knee—converted luminance
50 as to generate a code value. The gquantization unit 151
supplies the generated code value to the coding unit 72 as a
coding target image.

(03511

Processes in steps S152 to 5154 are the same as the processes
in steps 3873 to 375 of Fig. 21, and thus description thereof
will be omitted.

[0352]



In step S155, the setting unit 71 sets knee function info SEI
including information on a knese point of the knee conversion
performed due to the process in step 3150. The setting unit
71 supplies parameter sets such as the set SPS, PPS, VUI and
knee function info SEI to the coding unit 72.

[0353]

In step S$156, the coding unit 72 codes the coding target image
which is supplied from the conversionunit 73 in the HEVC method.
Processes in steps 3157 and S158 are the same as the processes
in steps $78 and 879 of Fig., 21, and thus description thereof
will be omitted.

[0354]

As mentioned above, the coding device 150 performs the knee
conversion before the QETF of BT.709, and thus can perform a
photoelectric conversion process suitable for both an SDR image
and an HDR image by using the OETFEF cf BT.70%.

{Configuraticn example of fourth embodiment of decoding device)
[0355]

Fig. 72 is a block diagram illustrating a configuration example
of the fourth embodiment of a decoding device to which the

present disclosure is applied and which decodes a coded stream
transmitted from the ceding device 150 of Fig. 70.

[0356]

Bmong constituent elements illustrated in Fig. 72, the same
constituent elements as the constituent elements of Fig. 1Z or
22 are given the same reference numerals. Repeateddescription
will be omitted as appropriate.

[0357]

A configuration of a decoding device 170 of Fig. 72 is different
from the configuration of the decoding device 90 of Fig. 2Z in
that a conversionunit 171 is provided instead of the conversion
unit 93. The decoding device 170 decodes a coded stream, and
performs an electro-optical conversion process on a decoded
image which is obtained as a result thereof.

[0358]

Specifically, the ceonversion unit 171 of the decoding device



170 performs an electro-optical conversion process using the
EOTF of BT.709 on a code value as a deccded image supplied from
the decoding unit %2, so as to generate luminance. The
conversion unit 171 performs knee conversion on the luminance
on the basis of knee function info SEI from the extraction unit
91. The conversion unit 171 supplies luminance which is
obtained as a result of the knee conversion to the display
control unit %4 as a display image.

<Description of process in decoding device>

[0359]

Fig. 73 is a flowchart illustrating an image generation process
performed by the decoding device 170 of Fig. 72Z.

{0360}

Processes in steps 5171 to 8173 of Fig. 73 are the same as the
processes in steps 591 to 593 of Fig. 23, and thus description
thereof will be omitted.

[0361]

In step $174, the conversion unit 171 cof the deceding device
170 performs an electro-cptical conversion process using the
ECTFE of BT.709 on a code value as a decoded image supplied from
the decoding unit 92, so as to generate luminance.

[0362]

In step S175, the conversion unit 171 performs knee conversion
on the generated luminance on the basis of knee function info
SEI from the extraction unit %1. The conversion unit 171
supplies luminance which is obtained as a result of the knee
conversion te the display control unit 94 as a display image.
[0363]

In step 3176, the display contrel unit %94 displays the display
image supplied from the conversion unit 93 on the display unit
95, and finishes the process.

[0364)

As mentioned above, the decoding device 170 performs the knee
conversion after the EOTF of BT.703, and thus can perform an
electro-optical conversion process suitable for both an SDR

image and an HDR image by using the ECTE of BT.709.



[0365]

In addition, the maximum luminance of a coding target image may
be included in a coded stream along with coded data and may be
transmitted to the decoding device 170 from the coding device
150, and may be determined in advance as a value common Lo the
coding device 150 and the decoding device 170. Further,
knee function info SEI may be set for each item of the maximum
luminance of a coding target image.

{036¢6]

In addition, in the fourth embodiment, the knee function info
SET of the first te third embodiments may be sett. In this case,
the decoding side performs knee conversion by using DR
conversion information, and thus it i1s possible to perform
conversiocn into an image which is suitable for various luminance
displays.

[3367]

In addition, the decoding device 170 in the fourth embodiment
may be divided into a decoding device and a display device in
the same manner as in the third embodiment.

[0368]

Further, in the fourth embodiment, an extent of assigning code
values to a low luminance part and an extent of assigning the
code values to a high luminance part are adjusted by using a
function of knee conversion as a parameter, but may be adjusted
by using functions cther than the function of knee conversiocn
as a parameter.

[0369]

Furthermore, the present disclosure may be applied to the AVC
method.

[Fifth Embodiment]

{037C]

[Description of computer to which present disclosure is
applied]

[0371]

The above-described series of processes may be performed by

hardware or software. When the above-described series of



processes is performed by the software, programs constituting
the software are installed in a computer. Here, the computer
includes a computer incorporated inte dedicated hardware, or
a general purpose personal computer or the like which can
execute various kinds of functions by installing various kinds
of programs.

[G372]

Fig., 74 is a block diagram illustrating a configuration example
of hardware of a computer which performs the above-described
series of processes according to a program.

[0373]

In the computer, a central processing unit (CPU) 201, a read
only memory (ROM) 202, and a random access memory (RAM) 203 are
connected to each other via a bus Z04.

[0374]

The bus 204 is also connected to an input and output interface
205. The input and output interface 205 is connected to an input
unit 206, an cutput unit 207, a storage unit 208, a communication
unit 209, and a drive 210.

[0375]

The input unit 206 includes a keyboard, a mouse, a microphone,
and the like. The outputunit 207 includes a display, a speaker,
and the like. The storage unit 208 includes a hard disk, a
nonvolatile memory, or the like. The communication unit 208
itncludes a network interface or the like. The drive 210 drives
a removable medium 211 such as a magnetic disk, an optical disc,
a magneto-optical disc, or the like.

[0376]

In the computer configured in this way, the CPU 201 performs
the above-described series of processes, for example, by
loeding the program stored in the storage unit 208 to the RAM
203 via the input and output interface 205 and the bus 204 and
executing the program.

[0377]

The program executed by the computer (the CPU 201) may be

recorded on the removable medium 211, for example, as a package



medium, and may be provided. In addition, the program may be
provided via a wired or wireless transmission medium such as
a local area network, the Internet, or a digital sateliite
breadcast.

[0378]

In the computer, the program may be installed in the storage
unit 208 via the input and output interface 205 by installing
the removable medium 211 in the drive 210. In addition, the
programmay be received by the communication unit 209 via a wired
or wireless transmission medium and may be installed in the
storage unit 208. Further, the programmay be installed in the
ROM 202 or the storage unit 208 in advance.

[0379]

In addition, the program executed by the computer may be a
program which performs processes in a time series according to
the order described in the present specification, and may be
a program which performs processes in parallel cor at a necessary
timing such as when accessed.

[Sixth Embodiment]

[0380]

{Application to multi-view image coding and multi-view image
decoding]

103811

The above-described series of processes may be applied to
multi-view image coding and multi-view image decoding. Fig.
75 is a diagram illustrating an example of a multi-view image
coding method.

103821

As 1liustrated in ¥Fig. 75, multi-view images include images at
aplurality of views. The plurality of views of the multi-view
images includes a bkase view in which coding/decoding is
performed by using only an image at its own view, and a non-base
view in which coding/decoding is performed by using images at
other views. The non-base view may use a base view image and
may use other non-base view images.

[0383]



In a case of coding/decoding multi~view images as in Fig. 75,
each view image is coded/decoded, and the above-described
method of the first embodiment may be applied to coding/decoding
of each view. In this way, a decoded image can be converted
into a desired image with a different dynamic range.

[0384]

in additicn, in coding/coding of each view, the flag or the
parameter used in the method of the first embodiment may be
shared. More specifically, for example, the syntax element or
the like of the knee function info SEI may be shared in
coding/decoding of each view. Of course, necessary
information other than these elements may be shared in
coding/decoding of each view,

[0385]

In this way, it is possible to minimize transmission of
redundant information and thus to reduce transmitted
information amcunt (bit rate) (that is, it is possible to
minimize a reductlon in coding efficiency}.

iMulti-view lmage coding device]

[038¢6]

Fig. 76 1s a diagram illustrating a multi-view image coding
device which performs the above-described multi-view image
coding. As illustrated in Fig., 76, themulti-view image coding
device 600 includes a coding unit 601, a coding unit 602, and
a multiplexer 603.

[0387]

The coding unit 601 codes a base view image s0 as to generate
a base view 1lmage coded stream. The coding unit 602 codes a
non-pase view image so as to generate a non-base view image coded
stream. The multiplexer 603 multiplexes the base view image
coded stream generated in the coding unit 601 and the non-base
view image coded stream generated in the coding unit £02, so
as to generate a multi~view ilmage coded stream.

[0388]

The coding device 10 (Fig. 6) is applicable to the coding unit

601 and the codingunit 602 of themulti-view image coding device



600. In cother words, in coding of sach view, an image can be
coded so that a decocded image can be converted intc a desired
image with a different dynamic range during decoding. In
addition, the coding unit 601 and the codingunit 602 can perform
coding (that is, a flag or a parameter can be shared) by using
the mutually same flags or parameters (for example, a syntax
element or the like regarding a process of images), and thus
it is possible to minimize a reduction in coding efficiency.
[Multi-view image decoding device]

[0389]

Fig. 77 is a diagram illustrating a multi-view image cecoding
device which performs the above~-described multi-view image
decoding. As illustrated in Fig. 77, the multi-view image
decoding device 610 includes a demultiplexer 611, a decoding
unit 612, and a decoding unit 613.

[0390]

The demultiplexer 611 demultiplexes the multi-view image coded
stream into which the base view image coded stream and Lhe
non-base view image coded stream are multiplexed, so as to
extract the base view image coded stream and the non-base view
image coded stream. The decedingunit 612 decodes the base view
image coded stream extracted by the demultiplexer 611 s¢ as to
obtain a base view image. The decoding unit 613 decodes the
ncn-base view lmage coded streamextracted by the demultiplexer
611l sc as to obtain a non-base view image.

(03917

The decoding device 50 (Fig. 12} is applicable to the decoding
unit 612 and the decoding unit 613 of the multi-view image
decoding device 610. In cther words, in decoding of each view,
a decoded image can be converted into a desired image with a
different dynamic range. In addition, the decoding unit 612
and the decoding unit 613 can perform coding (that is, a flag
or a parameter can pe shared) by using the mutually same flags
or parameters (for example, a syntax element or the like
regarding a process cof images), and thus it is possible to

minimize a reducticon in coding efficiency.



{Seventh Embodiment]

{03927

[Application to layer image coding and layer image decoding]
[03923]

The above-described series of processes may be applied to layer
image coding and layer image decoding. Fig. 78 illustrates an
example of a laver image coding method.

[0394]

The layer image coding (scalable coding) is to generate a
pilurality of layers of an image and to code each layer so that
image data has a scalable function with respect tc a
predeterminad parameter. The layer image decoding {scalabkle
decoding) is decoding corresponding to the layer image coding.
[0395]

As illustrated in Fig. 78, in lavering of an imags, a single
image is divided into a plurality of images {(layers) with a
predetermined parameter having a scalable function as a
reference. In other words, lavered images (layer images)
include images of a plurality of layers in which values of the
predetermined parameter are different from each other. A
plurality of layers of the layer images include a base layer
in which coding/decoding is performed by using only an image
of its own laver and a non-base layer (alsc referred to as an
enhancement layer) in which coding/decoding is performed by
using images of other layers. The non-base layer may use a base
layer image and may use other non-base layer images.

[G356]

Generally, the non-base layer is formed by its own image and
data (difference data) on a difference image with images of
other layers. For example, in a case where a single image is
generated as two layers including a base layer and a non-base
layer {(alsco referred to as an enhancement layer), an image with
quality lower than that of an original image is cbtained only
by using data of the base layer, and thus data of the base layer
and data of the non-base layer are combined with each cther so

as to obtain the criginal image (that is, high quality image}.



[0337]

A image is lavered as mentioned above, and thus varicus quality
images can be easily cbtained depending on circumstances. For
example, image compression information of only a base layer is
transmitted tc a terminal having low processing performance,
such as a mebile phone, so that a moving image of which spatial
and temporal resolution is low or image guality is low 1is
reproduced, and image compression information of an enhancement
layer as well as a base layer is transmitted to a terminal with
high processing performance, such as a television set or a
personal computer, s¢ that a moving image of which spatial and
temporal resoclution is high or image quality is high 1is
reproduced. In this way, image compression information can be
transmitted from a server depending on a terminal or network
performance without performing a transcede process.

{03581

A laver image as in the example of Fig. 78 is coded/decoded,
an image of each layer is coded/decoded, the above-described
method of the first embodiment may be applied to coding/decoding
of each layer. In this way, a decoded image can pe converted
into a desired image with a different dynamic range.

[0399]

In addition, in coding/coding of each layer, the flag or the
parameter used in the method of the first embodiment may be
shared. Mcre specifically, for example, the syntax element or
the like of the knee function infc SEI may be shared in
coding/decoding of each laver. Of course, necessary
information other than these elements may be shared in
coding/decoding of each layer.

[0400]

In this way, it is possible to minimize transmission of
redundant informaticon and thus to reduce transmitted
information amount {bit rate) (that is, it is possible to
minimize a reduction in coding efficiency).

[Scalable parameters]

[04071]



In such layer image coding and layer image decoding (scalable
coding and scalable decoding), a parameter having a scalable
function is arbitrary. For example, a spatial resclution as
illustrated inFig. 79 may be a paraneter {spatial scalability).
In a case of the spatial scalability, a resclution of an image
is different for each layer. In other words, in this case, as
illustrated in Fig. 7%, each picture is generated as two layers
including a base laver of which a spatial resoliution is lower
than that of an criginal image, and an enhancement layer which
allows an original spatial resclution to be obtained through
combination with the kase layer. Of course, the number of
layers is an example, and any number of layers may be generated.
[0402]

In addition, as a parameter which gives such scalability, for
example, a tempeoral resoluticn may be employed (temporal
scalability) as illustrated in Fig. 80. In a case of the
temporal scalability, a frame rate is different for each layear.
In other words, in this case, as 1llustrated in Fig. 80, each
picture is generated as two lavers including a base layer of
which a frame rate is lower than that of anoriginal moving image,
and an enhancement lavyer which allows an original frame rate
to be obtained through combination with the base layer. Of
course, the number of lavers is an example, and any number of
lavers may be generated.

(0403]

further, as a parameter which gives such scalability, for
example, a signal to noise ratio {SNR) may be employed (SHR
scalability). In a case of the SNR scalability, an 3SNR is
different for each layer. In other words, in this case, as
illustrated in Fig. 81, each picture is generated as two layers
including a base layer of which an 3NR is lower than that of
an coriginal image, and an enhancement layver which allows an
criginal SNR to be obtained throuch combination with the base
layer. Of course, the number of layers is an example, and any
number of layers may be generated.

[04c4]



Parameters which give scalability may use parameters other than
the above~described examples. For example, as a parameter
which gives scalability, a kit depth may be used (bit-depth
scalability}. In a case of the bit-depth scalakility, a bit
depth is different for each layer. In this case, for example,
a base layer is formed by an 8-bit image, and an enhancement
laver is added thereto so that a 10-bit image can be obtained.
[0405]

In addition, as a parameter which gives scalability, a chroma
format may be used {(chroma scalability). Inacaseof the chroma
scalability, a chroma format is different for each layer. In
this case, for example, a base layer is formed by a component
image with a 4:2:0 format, and an enhancement layer is added
thereto sco that a component image with a 4:2:2 format can be
obtained.

[04086]

Further, as a parameter which gives scalability, a dynamic range
of luminance may be used (DR scalability). In a case of the
DR scalability, a dynamic range of luminance is different for
each layer. In this case, for example, a base layer is formed
by an 3DR image, and an enhancement layer is added thereto so
that an HDR image can be obtained.

[0407]

In & case of applying the above-described series of processes
to the dynamic range scalability, for example, information
regarding knee decompression from an SDR image to an HDR image
is set in a coded stream of a base lavyer image as DR conversion
information. In addition, information regarding knee
compression of a dynamic range of luminance of a HDR image 1is
set in a coded stream of an enhancement laver image as DR
conversion information.

[0408]

In addition, a decoding device, which can deccde only a coded
stream of a base layer image and includes an HDR display,
converts an SDR image which is a decoded image into an HDR image

on the basis of the DR conversion information, and sets the HDR



image as a display image. On the other hand, a decoding device,
which can alsc decode a coded stream of an enhancement layer
image and includes an HDR display which can display an EDR image
with a low dynamic range, knee-compresses a dynamic range of
luminance of an HDR image which is a decoded image on the basis
of the DR conversion information, and sets a result therecf as
a display image.

[0409]

Further, information on decompression of a dynamic range of
luminance of an HDR image may be set in a coded stream of an
enhancement layer image as DR conversion information. In this
case, a decoding device, which can alsc decode a coded stream
of an enhancement layer image and includes an HDR displilay which
can display an HDR image with a high dynamic range,
knee-decompresses a dynamic range of luminance of an HDR image
which is a decoded image on the basis of the DR conversion
information, and sets a result thereof as a display lmage.
[0410]

As mentioned above, the DR conversion information is =set in a
coded stream of a base layer image or an enhancement laver image,
and thus it is possible todisplay an image which is more suitable
for display performance.

[Layer image coding device]

[0411)

ig. 82 is a diagram illustrating a layer image coding device
which performs the above-described layer image ccoding. As
illustrated in Fig. 82, the layer image coding device 620
includes a coding unit 621, a coding unit 622, and amultiplexer
623.

104127

The coding unit 621 codes a base layer image so as toc generate
2 base layer image coded stream. The coding unit 622 codes a
non-hase layer lmage so as to generate a non-base layer image
coded stream. The multiplexer 623 multiplexes the base laver
image coded stream generated in the coding unit 621 and the

non-kase layer image coded stream generated in the coding unit



022, so as to generate a layer ilmage coded stream.

[0413]

The coding device 10 (Fig. 6) is applicable te the coding unit
621 and the coding unit 622 of the layer image coding device
620. In other words, in coding of each layer, an image can be
coded so that a decoded image can be converted into a desired
image with a different dynamic range during decoding. In
addition, the coding unit 621 and the coding unit 622 can perform
control or the like of an intra~prediction filter process {that
iz, a flag or a parameter can be shared) by using the mutually
same flags or parameters {for example, a syntax element or the
like regarding a process of images), and thus it is possible
to minimize a reduction in coding efficiency.

[Layer image decoding device]

[0414]

Fig. 83 is a diagram 1llustrating a laver image decoding device
which performs the above-described layer image decoding. As
illustrated in Fig. 83, the layer image decoding device 630
includes a demultiplexer 631, a decoding unit 632, and a
decoding unit 633.

[0415]

The demultiplexer 631 demultiplexes the layer image coded
stream into which the base layer image coded stream and the
non-base layer image coded stream are multiplexed, so0 as to
extract the base laver image coded stream and the non-base layer
image coded stream. The decoding unit 632 decodes the base
layer image coded stream extracted by the demultiplexer 631 so
as to obtain a base layer image. The decoding unit 633 decodes
the non-base layer image coded stream extracted by the
demultiplexer 631, so as tc obtaln a non-base layer image.
[C416]

The decoding device 50 (Fig. 12} is applicable to the decoding
unit 632 and the coding unit 633 of the layer image decoding
device 630. Inother words, indecoding of each layer, a decoded
image can be converted into a desired ilmage with a different

dynamic rangs. In addition, the decoding unit 612 and the



decoding unit 613 can perform coding (that is, a flag or a
parameter can be shared) by using the mutually same flags or
parameters {for example, a syntax element or the like regarding
a process of images), and thus it is possible to minimize a
reduction in coding efficiency.

[Eighth Embodiment]

[0417]

{Configuration example of television apparatus)

(0418}

Fig. 84 exemplifies a television apparatus to which the present
technology is applied. The television apparatus 200 includes
an antenna %01, & tuner %02, a demultiplexer 903, a decoder 204,
a video signal processing unit 905, a display unit 906, an audio
signal processing unit 907, a speaker 208, and an external
interface unit %09. In addition, the television apparatus 900
includes a control unit 910, a user interface 911, and the like.
[(0419]

The tuner 902 selects a desired channel from a broadcast signal
which 1s received via the antenna 901, demodulates the selected
channel, and outputs a coded bit stream which is obtained
through demodulation, to the demulitiplexer S03.

[0420]

The demultiplexer 903 extracts a video or an audio packet of
a program which is a viewing target from the coded bit stream,
and outputs the data on the extracted packet to the decoder 204.
In addition, the demultiplexer 903 supplies a packel of data
such as electronic program gulde (EPG) te the control unit 910.
Further, the demultiplexer or the like may performdescrambling
when the coded stream 1s scrambled.

[0421]

The decoder 904 decodes the packet, and outputs video data and
audio data genervated through the decoding to the video signal
processing unit 905 and the audio signal processing unit 907,
respectively.

104227

The video signal processing unit 205 performs noise removal or

i



a video process or the like in accordance with user's settings
on the video data. The video signal processing unit 905
generates video data of a prcogram which is displayed on the
display unit 206, or image data or the like through a process
based on an application which is supplied via a network. 1In
addition, the video signal processing unit 9205 generates video
data for displaying a menu screen such as selection of items,
and superimposes the video data on the video data of a program,
The video signal processing unit 905 generates a driving signal
on the basis of the video data generated in this way, so as to
generate the display unit 806.

[0423]

The display unit 206 drives a display device (for example, a
liquid crystal display element) cn the basis of the driving
signal from the video signal processingunit 905 so as todisplay
a video of a program or the like.

(04241

The audio signal processing unit %07 performs a process such
as noise removal on the audio data, and performs D/A conversion
or amplification on the processed audio data which is then
supplied to the speaker 908, thereby outputting sounds.
[0425]

The external interface unit 909 is an interface for connection
to an external apparatus or the network, and transmits and
recelives data such as videc data or audio data.

[0428]

The control unit 901 is connected to the user interface unit
911. The user interface unit 211 is constituted by an operation
switch, a remote control signal reception portiocon, and the like,
and supplies an operation signal corresponding tc a user's
operation te the control unit 210,

[0427]

The control unit 910 is formed by using a central processing
unit (CPUY, memories, and the like. The memories store a
programexecuted by the CPU, a variety of data which is necessary

in the CPU performing a process, EPG data, data acquired via



the network, and the like. The program stored in the memories
is read and executed by the CPU, for example, when the television
apparatus 900 is started. The CPU executes the program, and
thus contrels each unit sc¢ that the television apparatus 800
performs an operation responding to a user's operation.
[0428]

In addition, the televisicn apparatus 900 is provided with a
bus 912 which connects the tuner 902, the demultiplexer 903,
the video signal processing unit 905, the audio signal
processing unit 907, the external interface unit 909, and the
control unit 910, to each other.

[0423]

In the television apparatus having the configuration, a
function of the decoding device {decoding method) of the present
application is provided in the decoder 904. For this reason,
it is possikle to convert a decoded image into a desired image
with a different dynamic range.

INinth Embodiment]

[0430]

{Configuration example of mcbile phone)

[0431]

Fig, 85 exemplifies a schematic configuration of a mobile phone
to which the present disclosure is applied. The moblle phone
920 includes a communication unit 922, an audio codec 923, a
camera unit %26, an image processing unit 827, a
multiplexer/demultiplexer 928, a recording/reproducing unit
829, a display unit 230, and a contrcol unit 931. Theses
constituent elements are connected to each cther via a bus %33.
[0432]

In addition, the communicatlon unit 922 1s connected to an
antenna 921, and the audio codec 923 is connected to a speaker
924 and a micrephone 925. FPurther, the control unit 931 is
connected to an operation unit 932,

[0433]

The mobile phone 920 performs various operations such as

transmission and recepticn of audio signals, transmission and



reception of electronic mails or image data, capturing of an
image, and recording of data in various operation modes such
as a speech mode and a date communication mode.

[0424]

In the speech mode, an audioc signal generated by the microphoene
925 undergoes ccnversion into audio data or data compression
in the audio codec 923, and is then supplied to the communication
unit 922. The communication unit 922 performs a modulation
process or a frequency conversion process on the audio data 50
as to generate a transmission signal. Further, the
communication unit 822 transmits the transmission signal to the
antenna 921 so as to transmit the ftransmission signal Lo a base
station (not illustrated). TFurthermore, the communication
unit 922 performs anplification, a frequency conversion process,
and a demodulation process on a signal which is received via
the antenna 921, and supplies the generated audio data to the
audic codec 923. The audio codec 223 performs data
decompression on the audio data or converts the audioc data into
an analog audio signal, and outputs the generated audic signal
to the speaker 924.

[0435]

Further, in the data communication mode, in a cass of
transmitting a mail, the control unit 931 receives text data
which is input by using the operation unit 23Z, and displays
the input text on the display unit 930. Moreover, the control
unit 931 generates mail data in response to an instruction made
by the user by using the cperation unit 8932, and supplies the
generated mall data to the communicaticon unit 22Z. The
communication unit 922 performs a modulation process or a
fregquency conversion process on the mail data, and transmits
the generated transmission signal from the antenna 921.
Further, the communication unit 922 performs ampiificaticn, a
frequency ceonversion process, and a demodulation process on a
signal which is received via the antenna 921, so as to recover
mail data. The mail data is supplied to the display unit 930,

and thus content of the mail is displavyed.



[0436]

In addition, the mobile phone 920 may store the received mail
data on a recording medium by using the recording/reproducing
unit 929. The recording medium is any rewritable recording
medium. For example, the recording medium is a semiceonductor
memory such as a RAM or a built-in flash memory, or a removable
medium such as a hard disk, a magnetic disk, a magneto-optical
disc, an optical disc, a universal serial bus {(USB]} memory, oOr
a memory card.

[0437]

In a case where image data 1s transmitted in the data
communication mode, image data generated by the camera unit 926
is supplied to the image processing unit 927. The image
processing unit 927 performs a coding process on the image data
30 as to generate coded data.

10438]

Further, the multiplexer/demultiplexer 928 multiplexes the
image stream which has been generated by the image processing
unit 927 and the audio data which is supplied from the audio
codec 923, and supplies the multiplexed data to the
communication unit 922. The communication unit 922 performs
a modulation process or a freguency conversion process on the
multiplexeddata, and transmits anobtained Transmission signal
to the antenna 921. Furthermore, the communication unit 922
performs an amplification process, a frequency conversion
process, and a demodulation process on a signal which is
received via the antenna 921 so as to recover multiplexed data.
The multiplexed data 1s supplied to the
multiplexer/demultiplexer 228. The
multiplexer/demultiplexer %28 demultiplexes the multiplexed
data, and supplies coded data to the image processing unit 227
and audio data to the audic codec 9Z3. The image processing
unit 927 decodes the coded data so as to generate image data.
The image data is supplied to the display unit 930 sc as to allow
the received image to be displayed. The audio codec 923

converts the audio data into an analog audic signal which is
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then supplied to the speaker 924 soas to output a received sound.
[0439]

In the mobile phone apparatus having the configuration,
functions of the coding device and the decoding device (the
coding method and the decoding methoed) of the present
application are provided in the image processing unit 927. TFor
this reason, an image can be coded so that a deccded image can
be converted into a desired image with a different dynamic range
during decoding. In addition, it is possible te convert a
decoded image intc a desired image with a different dynamic
range.

[Tenth Embodiment)

[0440]

(Configuration example of recording/reproducing apparatus)
[04413

Fig. 86 exemplifies a schematic configuration of a
recording/reproducing apparatus to which the present
technology is applied. The recording/reproducing apparatus
940 records, for example, audio data and video data of a received
breadcast program on a recording medium, and provides the
recorded data to a user at a timing respoending to an instruction
from the user. In addition, the recording/reproducing
apparatus 240 may acguire, for example, audio data and image
data from other apparatuses, and may record the data on the
recording medium. Further, the recording/reproducing
apparatus 940 codes and ocutputs the audio data or video data
recorded on the recording medium so that image display or sound
output can be performed in a monitor device.

{04427

The recording/reproducing apparatus 940 includes a tuner 841,
an external interface unit 942, anencoder 943, a hard disk drive
{HDD) unit 944, a disc drive 945, a selector 946, a decoder 947,
an on-screen display (0SD) unit 948, a control unit 949, and
a user interface unit 950.

[0443]

The tuner 941 selects a desired channel from a broadcast signal
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which is recelived viaan antenna (not illustrated). TInaddition,
the tuner 941 outputs a coded bit stream which is cbtained by
demodulating the recelved signal of the desired channel, to the
selector 246,

[0444]

The external interface unit 242 includes any cne of an IEEE1394

interface, a network interface, a USB interface, a flash memory
interface, or the like. The external interface unit 942 is an
interface which is connected to an external apparatus, a network,
a memory card, or the like, and receives data such as video data
or audio data to be recorded.

10445]

The encoder 943 codes vide data or audio data in a predetermined
method in a case where the video data and the audio data supplied
from the external interface unit 942 are not coded, and outputs

a coded bit stream to the selector 946.

[0446]

The HDD unit 944 records content data such as a video and a sound,

various programs, and other data in a built-in hard disk, and
reads the data from the hard disk when the video and the sound
are reproduced.

[04477

The disc drive 945 records and reproduces data cn and from an
optical disc which is installied therein. The optical disc may
be, for example, a DVD disc (DVD-Video, DVD-RAM, DVD-R, DVD-RW,

DVD+R, DVD+RW, or the like), a Blu-ray (registered trademark)

disc, or the like.

[0448]

When a video and a sound are recorded, the selector 946 selects

a coded bit stream which is input from the tuner 941 or the

encoder 943, and outputs the selected coded bit stream to the
HDD unit 944 or the disc drive 945. In addition, when a video
and a sound are reprcoduced, the selector 24¢ outputs a coded
bit stream which is cutput from the HDD unit 944 or the disc
drive 945, to the decoder 947.

104497
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The decoder 947 decodes the coded bit stream. In addition, the
decoder 947 supplies video data generated through the decoding
process, to the 03D unit 248. Further, the decoder 947 outputs
audio data generated through the decoding process.

[06450]

The 0SD unit 948 generates video data for displaying a menu
screen such as selection of items, and superimposes and outputs
the video data on video data which is output from the decoder
947,

[04511]

The control unit 948% is connected to the user interface unit
950. The user interface unit 950 is constituted by an operation
switch, a remote control signal reception portion, and the 1ike,
and supplies an operation signal corresponding to a user's
operation to the contrel unit 9492,

[0452]

The control unit 94% is formed by using a central processing
unit (CPU), memories, and the like. The memories store a
program executed by the CPU, a variety of data which is necessary
in the CPU performing a process, EPS data, data acquired wvia
the network, and the like. 7The program steored in the memories
is read and executed by the CPU at a predetermined timing, for
example, when the recording/reproducing apparatus 940 is
started. The CPU executes the program, and thus controls each
unit so that the recording/reproducing apparatus 940 performs
an operation responding to a user's operation.

[0453]

In the recording/reproducing apparatus having the
configuration, a function of the decoding device (deccoding
method) of the present appliication is provided in the decoder
947. For this reason, it is possible to convert a decoded image
into a desired image with a different dynamic range.
[Eleventh Embodiment]

104547

{(Configuration example of imaging apparatus)

[0455]
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Fig. 87 exemplifies a schematic configuration of an imaging
apparatus to which the present technology is applied. The
imaging apparatus 960 captures an image of a subject, and
displays the image of the subject on a display unit or records
the image on a recording medium as image data.

[0456]

The imaging apparatus 960 includes an optical block 261, an
imaging unit 962, a camera signal processing unit 963, an image
data processing unit %64, a display unit 965, an external
interface unit 966, a memory unit 267, a medium drive 968, an
0OSD unit 96%, and a control unit 970. In addition, the control
unit 8970 is connected to a useyr interface 971. Furthsr, the
image data processing unit 964, the external interface unit 2696,
the memery unit 967, the mediun drive 968, the 0SD unit 969,
the control unit 970, and the like are connected to each other
via a bus 972.

10457]

The optical block 961 includes a focus lens, a diaphragm
mechanism, and the like. The optical block 961 forms an cptical
image of a subject on an imaging surface of the imaging unit
962. The imaging unit 262 includes an image senscr such as a
CCD or a CMOS, and generates an electrical signal corresponding
to the optical image through photoelectiric conversion, and
supplies the electrical signal to the camera signal processing
unit 963.

(04581

The camera signal processing unit 963 performs various camera
signal processes such as knee correction, gamma correction, and
color correction, on the image signal which is input from the
imaging unit 9462, The camera signal processing unit 9263
supplies the image data having undergone the camera signal
processes to the image data processing unit 964.

[0459]

The image data processing unit 964 codes the image data which
is supplied from the camera signal processing unit 963. The

image data processing unit 964 supplies coded data generated
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through the coding process to the external interface unit 966
or the medium drive 968. Further, the image data procassing
unit 964 decodes the coded data which is supplied from the
external interface unit 926¢& or the medium drive 968.
furthermore, the image data processing unit 264 supplies image
data generated through the decoding process to the display unit
965. Moreover, the image data processing unit 964 supplies
image data which is supplied from the camera signal processing
unit 963, to the display unit 265, or superimposes display data
which is acguired from the 0SD unit 969, on image data which
is then output to the display unit 9265,

[0460]

The 08D unit 969 generates and outputs display data such as a
menu screen Tormed by symbols, characters, or figures, or an
icon, to the image data processing unit 964.

[C461]

The external interface unit 966 is formed by, for example, a
USB input and output terminal, and is connected to a printer
when an image is printed. In addition, the external interface
unit %66 is connected to a drive as necessary. A removable
medivm such as a magnetic disk or an optical disc is installed
in the drive as appropriate, and a computer program read from
the removable medium is installed therein as necessary.
Further, the external interface unit 966 includes a network
interface which is connected to a predetermined network such
as a LAN or the Internet. The control unit 970 may read coded
data from the medium drive %68, for example, in response to an
instruction from the user interface 971, and may supply the
coded data to other apparatuses which is connected thereto via
the network, from the external interfaceunit 966. Inaddition,
the control unit 970 may acquire coded data or image which is
supplied from other apparatuses via the network, through the
external interface unit 966, andmay supply the data to the image
data processing unit %64.

[0462]

A recording medium driven by the medium drive 268 may be any
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readable and writable removable medium such as a magnetic disk,
a magneto-optical disc, an optical disc, o¢r a semiconductor
memory. In addition, the recording medium may be any kind of
removable medium, may be a tape device, may be a disk, and may
be a memory card. Of course, a noncontact integrated circuit
(IC} card or the like may be used.

i0463]

Further, the medium drive and a recording medium may be
integrally formed so as to be constituted by a non-portable
storage unit such as a built-in hard disk drive or a solid state
drive {58D}.

[0464]

The control unit 970 is formed by using a CPU. The memcry unit
967 stores a program executed by the control unit 870, a variety
of data which is necessary in the control unit 970 performing
a process, and the 1ike, The program stored in the memory unit
967 is read and executed by the control unit 970, a predetermined
timing, for example, when the imaging apparatus 960 is started.
The control unit 970 executes the program, and thus controls
each unit so that the imaging apparatus 960 performs an
operation responding to a user's operation.

[0465]

In the imaging apparatus having the configuration, functions
of the coding device and the decoding device (the coding methed
and the decoding method) of the present application are provided
in the image data processing unit %64. For this reason, an image
can be coded so that a decoded image can ke converted into a
desired image with a different dynamic range during decoding.
in addition, it is possible to convert a decoded image intoe a
desired image with a different dynamic range.

{(RApplication examples 0f scalable coding)

[0466]

[First system]

[0467]

Next, description will be made of a specific example of using

scatable coded {(layer coded) data which is scalably coded. The
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scalakle coding is used, for example, to select data to be
transmitted as in an example illustrated in Fig. 88.

[0468]

In a data transmission system 1000 iliustrated in Fig. 88, a
delivery server 1002 reads the scalable coded data stored in
the scalable coded data storage unit 1001, and delivers the
scalable coded data to terminal apparatuses such as a personal
computer 1004, an AV apparatus 1005, a tablet device 1006, and
a mobile phone 1007 via a network 1003.

[0469]

At this time, the delivery server 1002 selects and transmits
coded data with appropriate quality on the basis of performances
of the terminal apparatuses, communication circumstances, or
the 1ike. If the delivery server 1002 unnecessarily transmits
high gquality data, 1t is unable to be said that a high guality
image is obtained in the terminal apparatus, and there 1is a
concern that delay or overflow may occur. In addition, there
is a concern that high gquality data may unnecessarily occupy
a communication band, and may unnecessarily increase a load on
the terminal apparatus. Conversely, if the delivery server
1002 unnecessarily transmits low gquality data, there is a
concern that an image with sufficient image guality may not be
obtained in the terminal apparatus. For this reason, the
delivery server 1002 reads and transmits coded datawith quality
(layer) which i1s suitable for the performances of the terminal
apparatuses or the communication circumstances from the
scalable coded data storage unit 1001.

[0470]

Here, it is assumed that the scalable coded data storage unit
10G1 stores scalable coded data (BL+EL) 1011 which is scalably
coded. The scalable coded data (BL+EL) 1011 is coded data
including both a base layer and an enhancement layer, and is
data which allows both a base layer image and an enhancement
layer image to be obtained through decoding.

(04717

The delivery server 1002 selects an appropriate layer on the
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baslis of a performance of a terminal apparatus to which data
is transmitted or communication circumstances, and reads data
of the layer. For example, the delivery server 100Z reads the
scalable coded data (BL+EL) 1011 which has high quality from
the scalable coded data storage unit 1001, and transmits the
data as 1t is, in relation to the personal computer 1004 or the
tablet device 1006 having a high processing performance. In
contrast, for example, in relation to the AV apparatus 1005 oxr
the mobile phone 1007 having a low processing performance, the
delivery server 1002 extracts base layer data from the scalable
coded data {(BL+EL) 1011, and transmits the data as scalable
coded data (BL} 1012 which is the same content data as the
scalable coded data (BL+4EL) 1011 in terms of content but has
lower quality than the scalable coded data (BL+EL) 1011.
[0472]

As mentioconed above, since a data amount can be easily adjusted
by using the scalable coded data, it is possible to minimize
the occurrence of delay or overflow or to minimize an
unnecessary increase in a load on a terminal apparatus cor a
communication medium. In addition, redundancy between layers
is reduced in the scalable coded data (BL+EL) 1011, and thus
a data amount thereof can be further reduced than in a case where
coded data of each layer is used as separate data. Therefore,
a storage reglon of the scalable coded data storage unit 1001
can be used more efficiently.

(04731

In additicon, varicus apparatuses such as the personal computer
1004 to the mobile phene 1007 can be emploved as terminal
apparatuses and thus performances of hardware of the terminal
apparatuses are different depending on the apparatuses.
Further, there are various applications which are executed by
the terminal apparatuses, and thus there are also various
performances of scftware thereof. Furthermore, all
communication line networks including a wired network, a
wireless network, or both networks such as, for example, the

Internet or a local area network (LAN} can be employed as the
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network 1003 which is a communication medium, and there are
varicus data transmission performances. Moreover, there is a
concern that a data transmission performance may vary depending
on other communication circumstances or the like.

[0474)

Therefore, before starting data transmission, the delivery
server L1002 may perform communication with & terminal apparatus
which is a transmissicon destination of the data, so as to obtain
information regarding performances of the terminal apparatus
such as a hardware performance of the terminal apparatus and
a performance of an application (software) executed by the
terminal apparatus, and information regarding communication
circumstances such as an available bandwidth of the network 1003.
In addition, the delivery server 1002 may select an appropriate
layer on the basis of the information obtained here.

[0475]

Further, the extraction of a layer may be performed by the
terminal apparatus. For example, the personal computer 1004
may decode the transmitted scalable coded data (BL+EL)} 1011 sc
as todisplay a base layer image and disgplay an enhancement layer
image. Furthermore, for example, the personal computer 1004
may extract the base layer scalable coded data (BL) 1012 from
the transmitted scalable coded data (BL+EL) 1011 so as to store
the data, to transmit the data to other devices, or to decode
the data for display cof a base layer image.

[0476]

Of course, the number of scalable coded data storage units 1001,
the number of delivery servers 1002, the number of networks 1003,
and the number of terminal apparatuses are all arbitrary. In
addition, in the above description, a description has been made
of an example in which the delivery server 100Z transmits data
tc the terminal apparatus, but a usage example is not limited
thereto. The data transmissiocon system 1000 is applicable to
any system as long as the system selects and transmits an
appropriate layer cn the basis of a performance of a terminal

apparatus, communication circumstances, or the like when coded



data which is scalably coded 1s transmitted to the ferminal
apparatus.

[Second system]

[0477]

The scalable coding isused, for example, for transmission using
apluarality of communication media as in an example illustrated
in Fig. 89,

[0478]

In a data transmission system 1100 illustrated in Fig. 89, a
broadcasting station 1101 transmits base layer scalable coded
data (BL) 1121 by using a terrestrial broadcast 1111. In
addition, the broadcasting station 1101 transmits {for example,
packetizes and transmits) enhancement layer scalable coded data
{EL) 1122 via any network 1112 formed by a wired network, a
wireless network, or both networks.

[0479]

A terminal apparatus 1102 has a reception function of the
terrestrial broadcast 1111 which is broadcasted by the
broadcasting station 1101, and receives the base layer scalable
coded data (BL) 1121 which is transmitted via the terrestrial
broadcast 1111. In addition, the terminal apparatus 1102
further has a communication function of performing
communication using the network 1112, and recelives the
enhancement layer scalable cocded data (EL) 1122 which is
transmitted via the network 1112.

[0480]

The terminal apparatus 1102 may decode the base layer scalable
coded data (BL) 11Z1 which is acguired via the terrestrial
broadcast 1111, for example, in response to an instruction from
a user, so as to obtain a base layer image, to store Lhe image,
and to transmit the image to cother apparatuses.

[0481]

In addition, for example, in response to an instruction from
a user, the terminal apparatus 1102 may combine the base layer
scalable coded data {(BL) 1121 which is acguired via the

terrestrial broadcast 1111 with the non-base layer scalable
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coded data (EL) 1122 which i1s acquired via the network 1112 so
as to obtain scalable coded data (BL+EL}), and may decode the
data so as to obtain a base layer image, tTo store the image,
and to transmit the image tc other apparatuses.

[0482]

As mentioned above, the scalable coded data may be transmitted
via a communication medium which is different for each layer,
for example. In this case, a lcoad can be distributed, and thus
it is possible tominimize the occurrence of delay or overflow.
[G483]

In addition, a communication medium used for transmission may
be selected for sach layer depending on circumstances. For
example, the base layer scalable coded data (BL) 11Z1 having
a relatively large amount of data may be transmitted via a
communication media having a wide bandwidth, and the
enhancement layer scalable coded data (EL) 1122 having a
relatively small amount of data may be transmitted via a
communication medium having a narrow bandwidth. In addition,
for example, a communication medium for transmitting the
enhancement layer scalable coded data (EL) 1122 may be changed
between the network 1112 and the terrestrial broadcast 1111
depending on an available bandwidth of the network 1112, Of
course, this is also the same for data of any layer.

10484

The contrel is performed asg mentioned above, and thus 1t 1s
possible to further minimize an increase in a load in data
transmission.

[0485]

Of course, the number of layers is arbitrary, and the number
of communication media used for transmission is also arbitrary.
Further, the number of terminal apparatuses 1102 serving as a
data transmissiondestination is also arpitrary. Furthermore,
in the above description, the description has been made of
broadcasting from the broadecasting station 1101 as an example,
but a usage example 1s not limited thereto. The data

transmission system 1100 is applicable to any system as long
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as the system splits coded data which is scalably coded into
a plurality of data items in the unit of layers and transmits
the data items wvia a plurality of lines.

[Third system]

{04861

The scalable coding is used, for example, to store coded data
as in an example illustrated in Fig. 90.

[G487]

In an imaging system 1200 illustrated in Fig. 20, an imaging
apparatus 1201 scalably codes image data which is obtained by
imaging a subject 1211, and supplies resultant data to a
scalable coded data storage device 1202 as scalable coded data
(BL+EL) 1221.

04887

The scalable coded data storage device 1202 stores the scalakle
coded data (BL+EL}) 1221 which is supplied from the imaging
apparatus 1201, with guality based on circumstances. For
example, in a case of the normal time, the scalable coded data
storage device 12072 extracts base layer data from the scalable
coded data (BL+EL) 1221, and stores the data as base lavyer
scalable coded data (BL} 1222 having a small amount of data with
low quality. In contrast, for example, in a case of the notice
time, the scalable coded data storage device 1202 stores the
scalable coded data (BL+EL)} 1221 having a large amcunt of data
with high quality as it is.

[0489]

Accordingly, since the scalable coded data storage device 1202
can preserve a high quality image as necessary only, it is
possible to minimize an increase in a data amcunt while
minimizing a reducticn in the value of an image due tc image
guality detericoration, and thus to improve use efficiency of
a storage region.

[0490]

For example, the imaging apparatus 1201 is assumed tTo be a
monitoring camera. In a case (a case of the normal £ime) where

a monitoring target (for example, an trespasser) 1s not



reflected in a captured.imagé, there is a high probability that
content of the captured image may not be important, and thus
a reduction in a data amount i1s prioritized, and the image data
{scalable coded data) is stored with low quality. In contrast,
in a case {a case of the notice time) where a monitoring target
is reflected in a captured image as the subject 1211, there is
a high probability that content of the captured image may be
important, and thus image quality is prioritized, and the image
data {scalable coded data) is stered with high quality.
[0491]

In addition, the normal time and the notice time may be
determined, for example, by the scalable coded data storage
device 1202 analyzing an image. Further, the normal time and
the notice time may be determined, for example, by the imaging
apparatus 1201, and a determination result may be transmitted
te the scalable coded data storage device 1202.

[0492]

In addition, a determination criterion of the normal time and
the notice time is arbiltrary, and content of a captured image
which is used as a determination criterion is arbitrary. OFf
course, conditions other than the content of a captured image
may be used as a determination criterion. For example, the
normal time and the notice time may be changed on the basis of
the magnitude, a waveform, or the like of a recorded sound, and
may be changed, for example, for each predetermined time
interval, cor by an external instruction such as an instruction
from a user.

104931

Tn addition, in the above description, an example of changing
two states including the normal time and the notice time has
been described, but the number of states is arkbitrary, and, for
example, three or more states such as the normal time, the slight
notice time, the notice time, the great notice time, may be
changed. Here, an upper limit number of changed states depends
on the number of lavers of scalable coded data.

[0494]
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In addition, the imaging apparatus 1201 may determine the number
of scalable coded layers on the basis of a state. For example,
in a case of the normal time, the imaging apparatus 1201 may
generate the base layer scalable coded data (BL) 1222 having
a small amount of data with low quality, and may supply The data
to the scalable coded data storage device 1202. Further, for
example, in a case of the notice time, the imaging apparatus
1201 may generate the base layer and non-base layer scalable
coded data {(BL+EL} 1221 having & large amount of data with high
quality, and may supply the data to the scalable coded data
storage device 1202.

[0495]

In the above description, the description has been made of the
monitoring camera as an example, but usage of the imaging system
1200 is arbitrary and is not limited to a monitoring camera.
[Twelfth Embodiment]

[0496]

{(Other examples)

[0487]

In the above description, examples of apparatuses or systems
te which the present technology is applied have been describked,
but the present technology is not limited thereto, and may be
realized by all configurations mounted in a device forming the
apparatus or the system, for example, a processcor as system
large scale integration (LSI} or the like, a module using a
plurality of processors, a unit using a plurality of modules,
a set in which other functions are added to the unit, and the
like {a configuration of a part of an apparatus).
(Configuration example of video set)

10498}

With reference to Fig. 91, descriptionwill be made of an example
in which the present technology is realized by a set. ¥#ig. 91
ililustrates an example of a schematic configuration of a video
set to which the presenit technology 1s applied.

[0499]

Multi~functioning of an electronic apparatus has recently
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progressed, and thus there are many cases where, when a partial
configuration is sold or provided in development or
manufacturing thereof, not only a configuration having a single
function is realized but also a set having a plurality of
functions through combination of a plurality of configurations
having related functions is implemented.

[0500]

A video set 1300 1llustrated in Fig. 91 has a multi-functional
configuration, and is one in which a device having a function
regarding coding or decoding {(one or both of the coding or
decoding may be used) of an image is combined with a device having
other functions related to the function.

[0501]

As 1llustrated in Fig. 91, the video set 1300 includes a module
group such as a video module 1311, an external memory 1312, a
power management module 1313, and a front end module 1314, and
devices having related functions, such as a connectivity 1321,
a camera 1322, and a senscor 1323,

{0502

The module i1s a component having a unified function by
collecting several mutually related component functions. A
specific physical configuration of the medule is arkitrary, and,
for example, a plurality of processors having each function,
electronic circuit elements such as resistcrs and capacitcers,
other devices, and the like may be disposed on a wiring board
and integrally formed. In addition, a module may be combined
with other modules, processocors, or the like, so as to form a
new module.

[0503]

In a case of the example of Fig. 91, the videco module 1311 is
a combinaticon of configurations having functions regarding
image processing, and includes an application processor, a
videc processor, a broadband modem 1333, and an RF module 1334.
[C504]

The processcry 1s one in which configurations having

predetermined functions are integrated inte a semiconductor
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chip by using a system on a chip (50C), and there may be a
processor which is called, for example, system large scale
integration (LSI). The configurations having predetermined
functions may be logic circuits (hardware configuration), may
be a CPU, a ROM, a RAM, and the like, and programs (software
configuration) executed by using the configurations, and may
be a combination of both thereof. For example, the process
includes a logic circuit, a CPU, a ROM, a RAM, and the like,
some functions may be realized by the logic circuit {(hardware
configuration), and other functions may be realized by the
program (software configuration) executed by the CPU.

(05057

The application processor 1321 of ¥ig. 91 is a processor which
executes an application related to image processing. The
application executed by the application processcr 1331 may
perform a calculation process in order to realize a
predetermined function, and may also control constituent
elements inside and outside the video module 1311, such as the
video processor 1332,

[0506]

The video processor 133Z is a processor having a function
related to coding/decoding (one or both thereof} of an image.
[0507]

The broadband modem 1333 is a processcr {or a module) which
performs a process related to wired or wireless (or both
thereotf) broadband communication which is performed via a
broadband line such as the Internet or a public telephone line.
For example, the broadband modem 1333 digitally modulates data
{digital signal) to be transmitted, for conversion intc an
analog signal, or demodulates a received analcg signal for
conversion into data {(digital signal}. For example, the
broadband modem 1333 can digitally modulate/demodulate any
informaticn such as image data processed by the videc processor
1332, a stream in which the image data is coded, an application
program, or sethting data.

[0508]
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The RF module 1334 is a module which performs freguency
conversion, medulation/demodulation, amplification,
filtering, and the like on a radio frequency {(RF} signal which
is transmitted and received via an antenna. For example, the
RF module 1334 performs freguency conversion or the like on a
baseband signal generated by the broadband modem 1333 s as to
generate an RF signal. In addition, for example, the RF module
1334 performs freguency conversion or the like on an RF signal
which is receivedvia the front endmodule 1314, so as togenerate
a baseband signal.

[0509]

Further, in Fig. 91, as indicated by a dotted line 1341, the
application processor 1331 and the video processor 1332 may be
integrally formed so as to configure a single processcr.
[0510]

The external memory 1312 is a module which is provided outside
the video module 1311 and includes a storage device used by the
video module 1311. The storage device of the external memory
1312 may be implemented by any physical configuration, but is
generally used to store a large volume of data such as image
data cof frame units, and is thus preferably implemented by a
large capacity semiconductor memory which is relatively cheap,
such as a dynamic random access memory.(DRAM).

[0511]

The power management module 1313 manages and control power which
is supplied to the video module 1311 {(each constituent element
in the video module 1311).

[0512]

The front end module 1314 1s a module which provides a front
end function {a circuit of a transmission and reception end of
an antenna side} to the R¥ module 1334. As illustrated in Fig.
91, the front end module 1314 includes, for example, an antenna
portion 1351, a filter 1352, and an amplification portion 1353.
[0513]

The antenna portion 1351 includes an antenna and peripheral

constituent elements which transmit and receive a wireless
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signal. The antenna portion 1351 transmits a signal which is
supplied from the ampiification portion 1353 as a wireless
signal, and supplies the received wireless signal to the filter
1352 as an electrical signal (RF signal). The filter 1352
performs a filter process on the received RF signal which is
received via the antenna portion 1321, and supplies a preocessed
RF signal to the RFmodule 1334. The amplification portion 1353
ampiifies the RF signal supplied from the RF module 1334, and
supplies the amplified signal to the antenna porition 1351.
[0514]

The connectivity 1321 is a module having a function related to
connection to an external device. A physical configuration of
the connectivity 1321 is arbitrary. For example, the
connectivity 1321 includes a constituent element having a
communication function other than a communication standard
supported by the breoadband modem 1333, an external input and
output terminal, and the like.

[0515]

FFor example, the connectivity 1321 may include a module having
a communication function conforming to awireless communication
standard such as Bluetooth (registered trademark) or IEEE
802.11 (for example, Wireless Fidelity (Wi-Fi, registered
trademark), near fleld communication (NFC), or Infrared Data
Assocliaticn {(IrDA)}, an antenna which transmits and receives
a signal conforming to the standard, and the 1like. Inaddition,
for example, the connectivity 1321 may include a module having
a communication function conforming to a wired communication
standard such as Universal Serial Bus (U3SB) cor High~Definiticn
Multimedia Interface (HDMI) (registered trademark), or a
terminal conforming to the standard. Further, for example, the
connectivity 1321 may have other data (signal; transmission
functions in an analog input and output terminal or the like.
[0516]

In addition, the connectivity 1321 may include a device of a
transmission destination of data (signal). For example, the

connectivity 1321 may include a drive (including not only a
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removable medium drive but also a hard disk, a solid state drive
{83D), and a network attached storage (N3SA)) which performs
reading or writing of data from or to a recording medium such
as a magnetic disk, an optical disc, a magneto-optical disc,
or a semiconductor memory. Further, the connectivity 1321 may
include an image or sound output device (a monitor, a speaker,
or the like).

[0517]

The camera 1322 is a module having a function of capturing an
image of a subject, and acguliring image data of the subject.
The image data acguired by the camera 1322 capturing an image
of the subject is supplied to, for example, the videc processor
1332, and is coded.

[0518)]

The sensor 1323 is a module having any sensor function, such
as an audioc sensor, an ultrasonic sensor, an optical sensor,
an illuminance sensor, an infrared sensor, an image senscr, a
rotation sensor, an angle sensor, an angular velocity sensor,
a speed sensor, an acceleration sensor, a tilt sensor, a
magnetic identification sensor, an ilmpact senscr, or a
Lemperature sensor. Data detected by the senscr 1323 is
supplied to, for example, the application processor 1331, and
is used by an application or the like.

[0519]

In the above description, a configuraticn described as a module
may be realized as a processor, and, conversely, a configuration
described as a processor may be realized as a module.

[0520]

In the video set 1300 having the above-described configuration,
the present disclosure is applicable to the video processor 1332
as described later. Therefore, the video set 1300 may be
implemented as a set to which the present technology is applied.
{(Configuration example ¢f video processor)

[0521]

Fig. 892 1llustrates an example of a schematic configuration of

the video processcor 1332 (Fig. 91) to which the present
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technology is applied.

[0522]

In a case of the exanple of ¥Fig. %2, the video processor 1332
has a function of receiving a video signal and an audlo signal
and coding the gignals in a predetermined method, and a function
of decoding coded video data and audio data so as to reproduce
a video signal and an audioc signal.

[06523]

As illustrated in Fig. 22, the video processor 1332 includes
a video input processing portion 1401, a first image
enlargement/reduction porticn 1402, a second image
eniargement./reduction portion 1403, a video output processing
portion 1404, a frame memory 1405, and a memory control portion
1406. In addition, the video processor 1332 includes an
encede/decode engine 1407, videc elementary stream (ES) buffers
14084 and 1408R, and audio ES buffers 140827 and 1409B. Further,
the video processor 1332 inciudes an audio esncoder 1410, an
audio decoder 1411, a multiplexer (MUX} 1412, a demultiplexer
{(DMUX) 1413, and a stream buffer 1414.

[0524]

The video input processing portion 1401 acquires a video signal
which is input from, for example, the connectivity 1321 (Fig.
1) c¢r the like, and converts the video signal into digital image
data. The first image enlargement/reduction portion 1402
performs format conversion or an image enlargement or reduction
process on the image data. The second image
enlargement/reduction portion 1403 performs an image
enlargement or reduction process in acccerdance with a format
at a destination of a video which is output via the video ocutput
processing portion 1404 on the image data, or performs the same
format conversicon or image enlargement or reduction process as
in the first image enlargement/reduction portion 1402 on the
image data. The video output processing portion 14064 performs
format conversion, conversion into an analog signal, or the like
on the image data, and outputs a converted signal to, for example,

the connectivity 1321 (Fig. 91) or the like as a reproduced video
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signal.

[0525]

The frame memory 1405 13 a memory for image data, shared by the
video input processing portion 1401, the first image
enlargement/reduction portion 1402, the second imags
enlargement/reduction porticn 1403, the video output
processing portion 1404, and the encode/decode engine 1407.
The frame memory 1405 is implemented by a semiconductor memory
such as a DRAM.

[0526]

The memory control portion 1406 receives a synchronization
signal from the encode/decode engine 1407, and controls
writing/reading access to the frame memory 1405 according to
a schedule for access to the frame memory 1405, written in an
access management table 1406A. The access management table
1406A is updated by the memory control portion 1406 in
accordance with processes performed by the encode/decodes engine
1407, the first image enlargement/reduction portion 1402, the
second image enlargement/reduction portion 1403, and the like.
(05271

The encode/deccode engine 1407 performs an encode process on
image data, and a decode process on a video stream which is coded
data of image data. For example, the encode/decode engine 1407
codes image data read from the frame memory 1405, and
sequentially writes the coded image data to the video ES buffer
1408A as a video stream. In addition, for example, video
streams are sequentially read from the video ES buffer 1408B
s0 as to be decoded, and are seqguentially written to the frame
memory 1405 as image data. The encode/decode engine 1407 uses
the frame memory 1405 as a work area in the coding or decoding.
Further, the encode/decode engine 1407 outputs an
synchreonization signal to the memory control portion 1406, for
exanple, at a timing of starting a process on each macroblock,
[0528]

The video ES buffer 1408A buffers a video stream generated by

the encode/decode engine 1407, and supplies the buffered video
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stream to themultiplexer (MUX) 1412. The video ES buffer 1408B
buffers a video stream supplied from the demulitiplexer (DMUX)
1413, and supprlies the buffered video stream to the
encode/decode engine 1407.

[0529]

The audio ES buffer 14038A buffers an audio stream generated by
the audioc encoder 1410, and supplies the buffered audic stream
Lo the multiplexer (MUX) 1412. The audio ES buffer 1409B
buffers an audio stream supplied from the demultiplexer (DMUX)
1413, and supplies the buffered audio stream to the audio
deccder 1411.

[C530]

The audio encoder 1410, for example, digitally converts an audio
signal which is input from, for example, the connectivity 1321
(Fig. 91} or the like, and codes the converted audio signal in
a predetermined method such as an MPEG audiomethod or AudicCode
number 3 (AC3). The audioc encoder 1410 sequentially writes an
audio stream which is coded data of the audio signal to the audio
ES buffer 140%A. The audio decoder 1411 decodes an audio stream
supplied from the audio ES buffer 14098 so as to perform
conversion into an analog signal, cr the like, and supplies the
analog signal to, for example, the connectivity 1321 (Fig. 21)
or the like as a reproduced audic signal.

[0531]

The multiplexer (MUX) 1412 multiplexes the video stream and the
audio stream. A method of the multiplexing {that is, a format
of abit stream generated through the multiplexing) is arbitrary.
In addition, during the multiplexing, the muitiplexer (MUX)
1412 may add predetermined header informaticn to a bit stream.
In other words, the multiplexer (MUX} 1412 can convert a format
of the stream through the multiplexing. For example, the
multiplexer (MUX) 1412 multiplexes the video stream and the
audioc stream so as to performconversicon inte a transport strean
which is a bit stream with a transmission format. further, for
example, the muitiplexer (MUX) 1412 multiplexes the video

stream and the audio stream so as to perform conversion into
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data {(file data} with & recording file format.

[0532]

The demultiplexer (DMUX) 1413 demultiplexes a bit stream into
which a video stresam and an audio stream are multiplexzed, in
a method corresponding to the multiplexing by the multiplexer
(MUX) 1412. In other words, the demultiplexer (DMUX) 1413
extracts a video stream and an audic stream from a bit stream
which is read from the stream buffer 1414 (separates the video
gtream and the audlio stream therefrom). That is, the
demultiplexer (DMUX) 1413 can convert a format of the stream
through the demultiplexing (inverse conversion of the
conversion in the multiplexer (MUX) 1412). For example, the
demultiplexer {DMUX) 1413 may acquire a transport stream which
is supplied from, for example, the connectivity 1321 or the
broadband modem 1333 (Fig. %1), via the stream buffer 1414, and
demultiplexes the transport stream so as to perform conversion
into a videc stream and an audio stream. In addition, for
example, the demultiplexer (DMUX) 1413 may acqulre file data
which is read from various recording media by, for example, the
connectivity 1321 {Fig. 21), via the stream buffer 1414, and
demultiplexes the transport stream so as to perform conversion
into a video stream and an audic stream.

[0533]

The stream buffer 1414 buffers a bit stream. For example, the
stream buffer 1414 buffers a transport stream supplied from the
multiplexer (MUX) 1412, and supplies the buffered transport
stream to, for example, the connectivity 1321 or the broadband
modem 1333 (Fig. 91) at a predetermined timing, or on the basis
of a request or the like from an external device.

105347

In addition, for example, the stream buffer 1414 buffers file
data supplied from the multiplexer (MUX) 1412, and supplies the
pbuffered file data to, for example, the connectivity 1321 (Fig.
91) so as to record the file data on various recording media
at a predetermined timing, or on the basis of a request or the

like from an external device.



- 123 -

[0535]

Further, the streambuffer 1414 buffers a transport streamwhich
is acquired via, for example, the connectivity 13Z1 or the
broadband modem 1333 (Fig. 21), and supplies the butfered
Transport stream Lo the demultiplexer (DMUX) 1413 at a
predetermined timing, or on the basis of a request or the like
from an external device.

[0536]

Furthermore, the stream buffer 1414 buffers file data which is
read fromvaricus recordingmedia in the connectivity 1321 (Fig.
91) or the like, and supplies the buffered transport stream Lo
the demultiplexer (DMUX) 1413 at a predetermined timing, or con
the basis of a request or the like from an external device.
[0537]

Next, an example of an operation of the video processor 1332
having the configuration will be described. For example, a
video signal which is input to the video processor 1332 from
the connectivity 1321 (Fig. 91) or the like is converted into
digital image data in a predetermined scheme such as a 4:2:2
Y/Ch/Cr scheme by the video input processing portion 1401, and
is sequentially written to the frame memory 1405. The digital
image data is read to the first image enlargement/reduction
portion 1402 or the second image enlargement/reduction portion
1403, and undergeces format conversion and an enlargement or
reduction process in a predetermined scheme such as a 4:2:0
Y/Ch/Cr scheme so as tobe written to the frame memory 1405 again.
The image data is coded by the encode/decode engine 1407 and
is then written to the video ES buffer 1408A as a video stream.
[G538]

In addition, an audio signal which is input to the wvideo
processor 1332 from the connectivity 1321 (Fig. 91) or the like
is coded by the audio encoder 1410, and is written to the audio
ES buffer 1409A an audio siream.

[0539]

The video streamof the video BES buffer 140828 and the audio stream

of the audio ES buffer 14084 are read to the multiplexer (MUX)
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1412 sc as to be multiplexed and be converted into a transport
stream, file data, or the like. The transport stream generated
by the multiplexer (MUX) 1412 is buffered in the stream buifer
1414, and is then cutput to an external network via, for examnple,
the connectivity 1321 or the broadband modem 1333 (¥Fig. 91).
In addition, the file data generated by the multiplexer (MUX)
1412 is buffered in the stream buffer 1414, and is then cutput
to, for example, the connectivity 1321 {(Fig. 91) sc as tc be
recorded on various recording media.

10540]

Furthey, a transport stream which is input to the wvideo
processor 1332 from an external network via, for example, the
connectivity 1321 or the broadband modem 1333 (Fig. 91) is
buffered in the stream buffer 1414, and is then demultiplexed
by the demultiplexer (DMUX) 1413. Furthermore, for example,
file data which is read from various recording media, for
example, in the connectivity 1321 {Fig. 91) and is input to the
video processor 1332 is huffered in the stream buffer 1414, and
is then demultiplexed by the demultiplexer {(DMUX) 1412. In
other words, the transport streamocr the file data which is input
Lo the video processor 1332 is separated into a video stream
and an audio sitiream by the demultiplexer (DMUX) 1413,

(05417

The audio stream is supplied to the audio decoder 1411 via the
audio B3 buffer 1409B so as to be decoded and to be reproduced
as an audio signal. In addition, the video stream which is
written to the video ES buffer 1408B is then sequentially read
by the encode/decode engine 1407 so as to be decceded and to be
written to the frame memory 1405. The decoded image data
undergeces an enlargement or reduction process in the second
image enlargement/reducticn porticon 1403 so as to be written
to the frame memory 1405. Further, the decoded image data is
read to the video output processing portion 1404 so as to undergo
format conversion in a predetermined scheme such as a 4:2:2
Y/Ck/Cr scheme and further to undergo conversion into an analog

signal, and thus a video signal is reproduced and output.
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[0542]

In a case where the present technology is applied to the video
processor 1332 having the configuration, the present disclosure
related to each embodiment described above may e applied to
the encode/decode engine 1407. In other words, for example,
the encocde/deccode engine 1407 may have the function of the
coding device or the decoding device related to the first
embodiment. Accordingly, the video processor 1332 can achieve
the same effects as the effects described with reference to Figs.
6 to 13.

[0543]

In addition, in the encode/decode engine 1407, the present
technology {that is, the function of the image coding device
or the image decoding device related to each embodiment
described above) may be realized by hardware such as a logic
circuit, may be realized by software such as an embedded program,
and may be realized by both thereof.

(Another configuration example of video processor)

[0544)]

Fig. 93 illustrates another schematlic configuration example of
the wvideo processor 1332 (Fig. 91) to which the present
technology is applied. In a case of the example of Fig. 93,
the video processor 1332 has a function of ceding and decoding
video data in a predetermined method.

(05457

More specifically, as illustrated in Fig. 93, the video
processor 1332 includes a control portion 1511, a display
interface 1512, a display engine 1513, an image processing
engine 1514, and an internal memory 1515. In addition, the
video processor 1332 includes a codec engine 1516, a memory
interface 1517, a multiplexer/demultiplexer (MUX DEMUX) 1518,
a network interface 1519, and a video interface 1520.

[0546]

The conftrcl porticon 1511 controls an operation of esach
processing portion of the video processor 1332, such as the

display interface 1512, the display engine 1513, the image
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processing engine 1514, and the codec engine 1516,

[0547]

As illustrated in Fig. 93, the control portion 1511 includes,
for example, & main CPU 1531, a sub-CPU 13532, and a system
controller 1533. The main CPU 1531 executes a program or the
like for controlling an c¢peration of sach processing portion
of the videc processor 1332. The main CPU 1531 generates a
control signal according to the program or the like, and
supplies the control signal to each processing portion (that
138, controls an operation of each processing portion). The
sub-CPU 1532 assists the main CPU 1531. For example, the
sub-CPU 1532 executes a child process, a sub-routine, or the
like of a program executed by the main CPU 1531. The system
controller 1533 controls operations of the main CPU 1531 and
the sub-CPU 1532 by designating a programwhich 1s to be executed
by the main CPU 1531 and the sub-CPU 1532.

05481

The display interface 1512 cutputs image data to, for example,
the connectivity 1321 {(¥ig. 91) under the control of the control
portion 1511. For example, the display interface 1512 converts
digital image data into an analog signal and outputs the analog
signal to a monitor device or the like of the connectivity 1321
(Fig. 91}, or outputs the digital image data to the monitor
device as it is.

[0549]

The display engine 1513 performs various conversion processes
such as format conversion, size conversion, and color gamut
conversion on image data, so as to be suitable for a hardware
specification of a monitor device or the like which displays
an image, under the control of the control portion 1511.
[0550]

The image processing engine 1514 performs a predetermined image
process such as a filter process for improving image quality,
on the image data, under the control of the control portion 1511.
[0551]

The internal memory 1515 is a memory which is shared by the
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display engine 1513, the image processing engine 1514, and the
codec engine 1516, and is provided in the video processor 1332,
The internal memory 1515 is used to transmit and receive data
among, for example, the display engine 1513, the image
processing engine 1514, and the codec engine 1516. For example,
the internal memory 1515 stores data supplied from the display
engine 1513, the image processing engine 1514, or the codec
engine 1516, and supplies the data to the display engine 1513,
the image processing engine 1514, or the codec engine 1516 as
necessary {for example, in response toa request). The internal
memory 1515 may be realized by any storage device, but is
generally often used to store a small volume of data such as
image data of the block unit or a parameter, and is thus
preferably implemented by a semiconductor memory which has a
relatively (for example, compared to the external memcry 1312)
small capacity but has a high response speed, such as a static
random access memcory (SRAM).

[0552]

The codec engine 1516 performs a process regarding coding or
decoding of image data. A coding or decoding method supported
by the cecdec engine 1516 is arbitrary, and the number thereof
may be one, and may be pilural. For example, the codec engine
1516 may have codec functions of aplurality of coding/decoding
methods, and may perform coding of image data or decoding of
coded data 1n a method selected from among the methods.
[0553]

In the example illustrated in Fig. 93, the codec engine 1516
includes, for example, MPEG-2 Video 1541, AVC/H.264 1542,
HEVC/H.265 1543, HEVC/H.265 (Scalable) 1544, HEVC/H.265
{(Multi-view) 1545, and MPEG-DASH 1551, as functional blocks of
processes regarding codec.

[0554]

The MPEG-Z Video 1541 is a functional bleck which codes or
decodes image data in the MPEG-2 method. The AVC/H.264 1542
is a functicnal bleck which codes or decodes image data in the
AVC method. The HEVC/H.Z65 1543 is a functional block which
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codes or decodes image data in the HEVC method. The HEVC/H.265
(Scalable) 1544 is a functional block which scalably codes or
decodes image data in the HEVC method. HEVC/H.Z65 (Multi-view)
1545 is a functional block which multi-view-codes or
multi-view-decodes image data in the HEVC method.

[0555]

The MPEG-DASH 1551 is a functional block which transmits and
receives image data in the MPEG-Dynamic Adaptive Streaming over
HTTP (MPEG-DASH) method. The MPEG-DASH is a technique of
performing streaming of a video by using Hyper Text Transfer
Protocol (HTTP), has one of features in which appropriate data
is selected in the segment unit from among a plurality of coded
data items which are prepared in advance and have resolutions
or the like different from each other, and is transmitted. The
MPEG-DASH 1551 performs generation of a stream conforming to
a standard, transmission control of the stream, or the like,
and uses the above~described MPEG~2 Video 1541, or HEVC/H.265
(Multi-view) 1545 for coding/deccding of image data.

[0556]

The memory interface 1517 is an interface for use in the external
memory 1312. Data supplied from the image processing engine
1514 cr the codec engine 1516 is supplied to the external memory
1312 via the memory interface 1517, In addition, data read from
the external memory 1312 is supplied to the video processor 1332
{(the image processing engine 1514 or the codec engine 1516) via
the memory interface 1517.

f0557]

The multiplexer/demultiplexer (MUX DEMUX) 1518 multiplexes or
demultiplexes variocus data items regarding an image, such as
a bit stream of coded data, image data, and a video signal. A
method of multiplexing and demulitiplexing i1s arbitrary. For
example, during multiplexing, the multiplexer/demultiplexer
(MUX DEMUX) 1518 may not only cellect a plurality of data items
into a single data item, but may also add predetermined header
information or the like to the data. In addition, during

demultiplexing, the multiplexer/demultiplexer (MUX DEMUX)
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1518 may not conly divide a single data item into a plurality
of a plurality of data items, but may also add predetermined
header information or the like to each divided data item. In
other words, themultiplexer/demultiplexer (MUX DEMUKX) 1518 can
convert a format of data through the multiplexing and
demultiplexing. For example, the multiplexer/demultiplexer
{MUX DEMUX) 1518 multiplexes a bit string so as to perform
conversion into a transport stream which is a bit string with
a transmission format or data (file data) with a recording file
format. Of course, inverse conversion thereof can be performed
through demultiplexing.

[G558]

The network interface 1519 is an interface dedicated teo, for
example, the broadband medem 1333 or the connectivity 1321 (Fig.
91). The video interface 1520 is an interface dedicated to,
for example, the connectivity 1321 or the camera 1322 {Fig. 91).
[(559]

Next, an example of an operation of the video processor 1332
will be described. For example, when a transport stream is
received from an external network via, for example, the
connectivity 1321 or the broadband modem 1333 (Fig. 91}, the
transport stream is supplied to the multiplexer/demultiplexer
{(MUX DEMUX} 1518 wvia the network interface 1519 so as to be
demultiplexed, and is then decoded by the codec engine 1516.
Tmage data which is obtained through the coding in the codec
engine 1516 undergoes a predetermined image process by, for
example, the image processing engine 1514 so as to undergo
predetermined conversion, and is then is supplied to, for
example, the connectivity 1321 (Fig. 91} wvia the display
interface 1512, and an image thereof is displayed on a menitor.
In addition, for example, the image data cobtained through the
coding in the codec engine 1516 is decoded agaln by the codec
engine 1516 so as to be multiplexed by the
multiplexer/denultiplexer (MUX DEMUX} 1518 and to be converted
into file data, and is then output to, for example, the

connectivity 1321 (Fig. 91) wvia the video interface 1520 s0 as
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to be recorded on variocus recording media.

[0560]

Further, for example, file data of coded data which is ccded
image data and is read from a recording medium (not illustrated)
by the connectivity 1321 (Fig. 91} is supplied to the
multiplexer/demultiplexer (MUX DEMUX) 1518 via the video
interface 1520, and is then decoded by the codec engine 1516.
The image data obtained through the decoding in the codec engine
1516 undergoes a predetermined image process by the image
processing engine 1514 s0 as to undergo predetermined
conversion by the display engine 1513, and is then supplied to,
for example, the connectivity 1321 (Fig. 91} via the display
interface 1512, and an image thereof is displayed on the monitor.
In addition, for example, the image data cbtained through the
decoding in the codec engine 1516 is coded again by the codec
engine 1516 so as to be multiplexed by the
multiplexer/demultiplexer (MUX DEMUX) 1518 and to be converted
into a transport stream, and is then output to, for example,
the connectivity 1321 or the broadband modem 1333 (Fig. 91) via
the network interface 1519 so as to be supplied to other
apparatuses {not illustrated;.

(0561]

Further, transmission and reception of image data or other data
betwsen the respective processing porticns of the vidsc
processor 1332 are performed by using, for example, the internal
memory 1515 or the external memory 1312, In addition, the power
managemeant module 1313 controls the supply of power Lo, for
example, the contrcl portion 1511.

[0562]

If the present technology is applied to the video processor 1332
having the configuration, the present technology related to
each embodiment described above may be applied tc the codec
engine 1516. In other words, for example, the codec engine 1516
may inciude a functional block for realizing the coding device
or the decoding device related to the first embodiment. In

addition, for example, 1f the codec engine 1516 includes the
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above-described functional block, the video processor 1332 can
achieve the same effects as the effects described with reference
to Figs. 6 to 13.

[0563]

In addition, in the codec engine 1516, the present technology
(that is, the function of the image coding device or the image
decoding device related to each embodiment described above) may
be realized by hardware such as a logic circuit, may be realized
by software such as an embedded program, and may be realized
by both thereof.

[0564]

As mentioned above, the two exemplary configurations of the
video processor 1332 have been described, but the wvideo
processor 1332 may have any configuration, and may have
configurations other than the two exemplary configurations.
In addition, the video processcy 1332 may be configured by a
single semiconductor chip, andmay be configured by a plurality
of semiconductor chips. For example, a three-dimensional
gtacked L3I in which a plurality of semiconductors are stacked.
may be used. Further, the videc processor 1332 may be
implemented by a plurality of LSIs.

{Application examples to apparatus)

[0565]

The video set 1300 may be incorporated into various apparatuses
which process lmage data. For example, the video set 1300 may
be incorporated into the television apparatus 900 (Fig. 84},
the mobile phone 920 (Fig. 85}, the recording/reproducing
apparatus 940 (Fig. 86), the imaging apparatus 960 (Fig. 87},
and the like. The video set 1300 is incorporated inteo the
apparatus, and thus the apparatus can achieve the same effects
as the effects described with reference to Figs. 6 to 13.
[0566]

In addition, the videc set 1300 may be incorpcrated intc, for
example,th@terminalapparatusesSuéheﬂsthepersonalcomputer
1004, the AV apparatus 1005, the tablet device 1006, and the
mobile phone 1007 of the data transmission system 1000 of Fig.
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88, the breoadcasting station 1101 and the terminal apparatus
1102 of the data transmission system 1100 of Fig. 89, the imaging
apparatus 1201 and the scalablie coded data storage device 1202
of the imaging system 1200 of Fig. 90, and the like. The video
set 1300 is incorporated intoe the apparatus, and thus the
apparatus can achieve the same effects as the effects described
with reference to Figs. 6 to 13.

[0587]

In addition, even if only some of the above~described
configurations of the video set 1300 include the video processor
1332, the configurations can be implemented as configurations
to which the present technology is applied. For example, only
the video processor 1332 may be implemented as a video processor
to which the present technology is applied. In addition, for
example, as described above, the processor, the video medule
1311, or the like indicated by the dotted line 1341 may be
implemented as a preocessor, a module, or the like to which the
present technology is applied. Further, a combination of the
videco module 1311, the external memory 1312, the power
management module 1313, and the front end module 1314 may be
implemented as the video unit 1361 to which the present
technology is applied. Any configuration can achieve the same
effects as the effects described with reference to Figs. 6 to
13.

[0568]

In other words, any configuration including the video processor
1332 can be incorporated into various apparatuses which process
image data in the same manner as in the videco set 1300. For
example, the videoc processor 1332, the processor indicated by
the dotted line 1341, the video module 1311, or the video unit
136l canbe incorporated into the television apparatus %00 (Fig.
84), the mobile phone 920 (Fig. 85), the recording/reproducing
apparatus 240 (Fig. 86), the imaging apparatus 960 {(Fig. 87),
the terminal apparatuses such as the perscnal computer 1004,
the AV apparatus 1005, the tablet device 1006, and the mobile
rhone 1007 of the data transmission system 1000 of Fig. 88, the
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breadcasting staticn 1101 and the terminal apparatus 1102 of
the data transmission system 1100 of Fig. 89, the imaging
apparatus 1201 and the scalable coded data storage device 1202
cf the imaging system 1200 of Fig. 390, and the like. Any one
of configurations to which the present technology is applied
is incorporated into the apparatus, and thus the apparatus can
achieve the same effects as the effects describedwith reference
to Figs. 6 to 13 in the same manner as in the video set 1300.
[0569]

In addition, in the present specification, description has been
made of an example in which various information pieces such as
conversion information, DR conversion informaticon, and an
approximate knee peoint index are multiplexed into coded data,
and are transmitted from a coding side to a decoding side.
However, amethod of transmitting the information is not limited
t¢ this example. For example, the information may be
transmitted or recorded as separate data associated with coded
data without being multiplexed into the coded data. Here, the
term "assoclated" indicates that an image (which may be a part
of the image, such as a slice or a block) included in a bit stream
is made to be linked to information corresponding to the image
during decoding. In other words, the information may be
transmitted on a transmission path different from that of the
coded data. In addition, the information may be recorded on
a recording medium (or a different recording area of the same
recording medium) different from that of the coded data.
Further, the information and the coded data may be associated
with esach other in any unit such as a plurality of frames, a
single frame, or a part cf a frame.

105701

In addition, in the present specification, the system indicates
a set of a plurality of constituent elements (devices, modules
{components), or the like), and it dces not matter whether or
not all constituent elements are located in the same casing.
Therefore, a plurality of devices which are stored in separate

casings and are connected to each other via a network, a single
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device in which a plurality of medules are stored in a single
casing, are all a system.

{05711

The effects discleosed in the present specification are only an
example and are not limited, and there may be other effects.
[0572]

In addition, embodiments of the present disclosure are not
limited to the above-described embodiments, and may have
various modifications within the scope without departing from
the spirit of the present disclosure.

[05731

For example, the present disclosure may have a cloud computing
configuration in which a single function is distributed to a
plurality of devices via a network and is processed in
cooperation with each other.

[0574]

Further, each step described in the above flowchart may be
performed a single device, and may also be performed by a
plurality of devices in a distribution manner.

[0575]

Furthermore, in a case where a plurality of processes are
included in a single step, the plurality of processes included
in the single step may be performed by a single device, and may
also be performed by a pluralify of devices in a distribution
manner.

{05761

The present disclosure may have the following configurations.
(05771

(1) A decoding device including: circuitry configured to
raecelive coded data and conversion information, the coded data
pertaining to an image having luminance in a first dynamic range
and the conversion information pertaining to a conversion of
dynamic range of the luminance of the image from the first
dynamlc range into a second dynamic range; and decode the
received coded data so as to generate the image, wherein the

conversion uses a knee function.
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{2} The decoding device according to the above {1}, wherein
the conversion uses a knee point.

(3) The deccding device according to the above (1) or (2},
wherein the conversion uses the knee function tomap the dynamic
range of the luminance of the image from the first dynamic range
into the second dynamic range, and the knee function is defined
by the knee point.

{4} The decoding device according to any of the above (1) to
{3}, wherein the conversion information includes
pre-conversion information indicating a range cof luminance
which is a knee function target in the first dynamic range and
post-conversion information indicating a range of luminance in
the second dynamic range that corresponds to the range cf
luminance which is the knee function target in the first dynamic
range.

{Z) The deccding device according to any of the above (1) to
{4}, wherein the pre-conversion information indicates the range
of luminance which is converted by knee function at a same
conversion ratio as a conversion range of the first dynamic
range.

{&) The decoding device according to any of the above (1] to
5}, wherein the conversion uses the knee function which is
defined by a plurality of knee points.

(7) The decoding device according to any cf the above (1) to
(6), wherein the conversion information includes a plurality
of pairs of the pre-conversion information and the
post-conversicn information.

{8) The decoding device according to any of the above (1) to
{7y, wherein the conversion uses the knee function by mapping
the dynamic range of the luminance of the image from tne Lirst
dynamic range into the second dynamic range, and a plurality
of adjacent segments of the first dynamic range of the luminance
are mapped to a corresponding plurality of adjacent segments
of the second dynamic range of the luminance based on boundaries
between adjacent segments definedby aplurality of knee points.

{9} The deccoding device according to any of the above (1) to
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{8), wherein the conversion uses the knee function by mapping
the dynamic range of the luminance of the image from the first
dynamic range into the second dynamic range at a first
conversion ratio to a point defined by the knee point and at
a second conversion ratio from the point defined by the knee
point.

{10} The decoding device according to any of the above (1) to
(%), wherein the knee funcition isg specified by an SET message.
{11} The decoding device according to any of the abeove (1) to
{10), wherein the SEI message includes a setting of a

knee_ function id.

(12} A decoding method of causing a decoding device to perform:
receiving coded data and conversion information, the coded data
pertaining to an image having luminance in a first dynamic range
and the conversion information pertaining to a conversion of
dynamic range of the luminance of the image from the first
dynamic range into a second dynamic range; and decceding the
received coded data so as to generate the image, wherein the
conversion uses a knee function.

{13} The decoding method according te the above (12), wherein
the conversion information includes pre-conversion
information indicating a range of iuminance which is a knee
function target in the first dynamic range and post-conversion
information indicating a range of luminance in the second
dynamic range that corresponds to the range of luminance which
is the knee functicn target in the first dynamic range.

(14} The decoding method according to the above (12) or (13},
wherein the pre-conversion information indicates the range of
luminance which 1s converted by knee function at a same
conversion ratio as a conversion range of the first dynamnic
range.

{15) 7The decoding method according to any of the above (12)
to (14}, wherein the conversion information includes a
plurality of pairs of the pre-conversion information and the
post-conversion information.

{16} The decoding method according tc any of the above {12)
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to (15), wherein the conversion uses the knee function by
mapping the dynamic range of the luminance of the image from
the first dynamic range into the second dynamic range at a first
conversion ratio to a point defined by the knee pecint and at
a second conversion ratio from the point defined by the knee
point.

(177 A coding device including: circultry configured to set
conversion information pertaining to a conversion of dynamic
range of a luminance of an image from a first dynamic range into
a second dynamic range; and code the image having luminance in
the first dynamic range s as to generate coded data, whereiln
the conversion uses a knee function.

(18} The coding device according to the above (17}, wherein
the conversion information includes pre-convarsion
information indicating a range of luminance which is a knee
fungtion target in the first dynamic range and post-conversion
information indicating a range of luminance in the second
dynamic range that corresponds to the range of luninance which
is the knee function target in the first dynamic range.

{19} The coding device according to the above {17) or (18),
wherein the pre-conversion information indicates the range of
luminance which is converted by knee function at a same
conversion ratic as a conversion range of the first dynamic
range.

(20} The coding device according to any cof the above (17} to
(1%), wherein the conversion information inciudes a pluraiity
of pairs of the pre-conversion information and the
past-conversion information.

(21) The coding device according teo any of the above (17) to
(20), wherein the conversion uses the knee function by mapping
the dynamic range of the luminance of the image from the first
dynamic range into the second dynamic range at a first
conversion ratio to a point defined by the knee point and at
a second conversion ratio from the point defined by the knee
polint.

{22) A non-transitory computer-readable medium having stored
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thereon coded data and conversion information, the coded data
pertaining tc an image having luminance in a first dynamic range
and the conversion information pertaining to a conversicn of
dynamic range of the luminance of the image from the first
dynamic range into a second dynamic range, wherein a deccding
device decodes coded data, generates the image based on the
decoded data, and converts the dynamic range based con the
conversion information including a knee point.

(23} The non-transitory computer~readable medium according to
the above (22}, wherein the conversion information includes
pre-conversion informaticon indicating a range of luminance
which is a knee function target in the first dynamic range and
post-conversion information indicating a range of luminance in
the second dynamic range that corresponds to the range of
luminance which is the knee function target in the first dynamic
range.

{24} The non-transitory computer-readable medium according to
the above (22) or (23}, wherein the pre-conversion information
indicates the range of luminance which i1s converted by knee
function at a same conversion ratio as a conversion range of
the first dynamic range.

(25} The non-transitory computer-readable medium according to
any of the above (22) to {24}, wherein the conversion
information includes a plurality of pairs of the pre-conversion
information and the post-conversion information.

(26) The non-transitory computer-readable medium according to
any of the above {(22) to (25), wherein the conversion uses the
knee function by mapping the dynamic range of the luminance of
the image from the first dynamic range intc the second dynamic
range at a first conversion ratio to a point defined by the knee
point and at a second conversion ratio from the point defined
by the knee point.

{27) A decoding device including an extraction unit that
extracts coded data and conversion information from a coded
stream including the coded data of a first image which is an

image having luminance in a first dynamic range and the
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conversion information regarding conversion of a dynamic range
of the luminance of the image from the first dynamic range into
a second dynamic range; and a decoding unit that decodes the
coded data extracted by the extraction unit so as to generate
the first image.

{28) The decoding device according to the above (27), further
including a conversion unit that converts the first image which
is generated by the decoding unit into a second image which is
the image having luminance in the second dynamic range on the
basis of the conversion information extracted by the extraction
unit.

{28} The decoding device according to the above (27} or (28),
in which the conversion is performed by knee-converting the
luminance of the first image.

{30} The decoding device according to the any one of the above
{27} to (29), in which the conversiocon information includes
pre-~conversion information indicating a range of luminance
which is & knee conversion target in the first dynamic range
and post-conversicn information indicating a range of luminance
in the second dynamic range, corresponding to the range.
(31} The decoding device according to the any one of the above
(27 to {30), inwhich the pre-conversion information indicates
a range of luminance which is knee-converted at the same
conversion ratio as a conversion range of the first dynamic
range, and in which the conversion information includes a
plurality of pairs of the pre-conversion information and the
post-conversion information.

(32} The decoding device acccerding to the any one of the above
(27} to (31), further including a selection unit that selects
a predetermined number palrs from among the plurality of palrs
included in the conversion information which is extracted by
the extraction unit, in an order in which the pairs are included
in the conversion information.

{33} The decoding device according to the any one of the above
{27y to {31), further including a selection unit that selects

a predetermined number pairs from among the plurality of pairs
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included in the conversion information on the basis of priority
information indicating an order in which a priority of the pair
is higher, in which the extraction unit extracts the priority
information included in the coded stream.

{34) The decoding device according to the any one of the above
{27y to (33), further including a transmission unit that
transmits the predetermined number of pairs selected by the
selection unit.

{3b) The decoding device according to any one of the above (27)
to (34), in which the conversion Information includes at least
one of a maximum value of the luminance of the first image and
a maximum value of the luminance of the second image.

(36} The decoding device according to any one of the above (27)
to (35}, in which the conversion information includes at least
one of an expected value of brightness of a display unit which
displays the first image and an expected value of brightness
of a display unit which displays the second image.

(37) A decoding method of causing a decoding device to perform
extracting coded data and conversion informaticn from a coded
stream incliuding the coded data of a first image which is an
image having luminance in a first dynamic range and the
conversion information which is information regarding
conversion of a dynamic range ¢f the luminance of the image from
the first dynamic range into a second dynamic range; and
decoding the extracted coded data so as to generate the first
image.

{38} A coding device including a setting unit that sets
conversion infcormation which is information regarding
conversicn of a dynamic range of luminance of an image from a
first dynamic range into a second dynamic range; a coding unit
that codes a first image which is the ilmage having luminance
in the first dynamic range so as to generate coded data; and
a transmission unit that transmits a coded stream including the
conversion information set by the setting unit and the coded
data of the first image generated by the coding unit.

(3%2) The coding device according to the above (38), in which
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the conversicn is performed by knee-converting the luminance
of the first image.

(40) The coding device according to the above (328) or (39),
in which the conversion information includes pre-conversion
infermation indicating a range of luminance which 1s a knee
conversion target in the first dynamic range and
post-conversion information indicating a range of luminance in
the second dynamic range, corresponding to the range.

(41) The coding device acceording to any cne of the above (38)
to (40}, in which the pre-conversion information indicates a
range c¢f luminance which is knee-converted at the same
conversicn ratio as a conversion range of the first dynamic
range, and in which the conversion information includes a
pluraiity of pairs of the pre-conversion information and the
post-conversion informaticn.

{42) The coding device according to any cne of the above (38)
to (41}, in which the conversion information includes the
plurality of pairs of pre-~conversion information and
post-conversion information in an order in which a priority is
higher.

{43} 'The coding device according to any one of the above (38)
to (42}, in which the transmission unit transmits priority
information indicating an order in which a pricrity of the pair
is higher.

(44) The ceding device according to any one of the above (38)
to (43), in which the conversion information includes at least
one of a maximum value of the luminance of the first image and
a maximum value of the luminance of the second image.

(45) The coding device according to any one of the above (38)
to (44), in which the conversion information includes at least
one of an expected value of brightness of a display unit which
displays the first image and an expected value of brightness
of a display unit which displays the second image.

{46) A coding methed of causing a ccding device to perform
setting conversiocon information which is information regarding

conversion of a dynamic range of luminance of an image from a
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first dynamic range into a second dynamic range; coding a first
image which is the image having luminance in the first dynamic
range sc as Lo generate coded data; and transmitting a coded
stream including the set conversion information and the
generated coded data cf the first image.

[05781

It should be understood by those skilled in the art that various
modifications, combinations, sub~combinations and alterations
may occur depending on design reguirements and cother factors
insofar as they are within the scope of the appended claims or
the equivalents thereof.

[Reference Signs List]

[0579]

10 Coding device

11 Setting unit

12 Coding unit

13 Transmission unit

14 Conversion unit

50 Decoding device

52 Extraction unit

53 Decoding unit

54 Conversion unit

70 Coding device

71 Setting unit

72 Coding unit

8¢ Decoding device

21 Extraction unit

92 Decoding unit

93 Conversion unit

110 Decoding system

111 Decoding device

112 Display device

121 Selection unit

122 Transmission unit

[CLATMS]

iClaim 173
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A decoding device comprising:
circuitry configured to

recelve coded data and conversion information, the coded
data pertaining to an image having luminance in a first dynamic
range and the conversicon informaticn pertaining to a conversion
cof dynamic range of the luminance of the image from the first
dynamic range into a second dynamic range; and

decode the received coded data so as to generate the image,
wherein the conversion uses a knee functiocn.
[Claim 2]
The decoding device according to claim l, wherein the conversion
uses a knee polint.
[Claim 3]
The decoding device according to claim 2, wherein the conversion
uses the knee function to map the dynamic range of the luminance
of the image from the first dynamic range into the second dynamic
range, and the knee function is defined by the knee point.
[Claim 4] |
The decoding device according toclaim 3, wherein the conversion
information includes pre-converszion information indicating a
range of luminance which is a knee function target in the first
dynamic range and post-conversion information indicating a
range of luminance in the second dynamic range that corresponds
to the range of luminance which is the knee function target in
the first dynamic range.
[Claim 5]
The decoding device according te claim 4, wherein the
pre-conversion information indicates the range of luminance
which is converted by knee function at a same conversion ratio
as a conversion range of the first dynamic range.
[Claim 6]
The decoding device according toclaim i, wherein the conversion
uses the knee function which is defined by a plurality of knee
points.
[Claim 7]

The decoding device according to claim 6, wherein the conversion
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information includes a plurality of palirs of the pre-conversion
information and the post-conversion information.
[Claim 8]
The decoding device according to claim 1, wherein the conversion
uses the knee function by mapping the dynamic range of the
luminance of the image from the first dynamic range into the
second dynamic range, and a plurality of adjacent segments of
the first dynamic range of the luminance are mapped to a
corresponding plurality of adjacent segments of the second
dynamic range of the luminance based on boundaries between
adjacent segments defined by a plurality of knee points.
[Claim 9]
The decoding device according toclaim 3, wherein the conversion
uses the knee function by mapping the dynamic range of the
luminance of the image from the first dynamic range into the
second dynamic range at a first conversicn ratio to a peoint
defined by the knee point and at a second conversion ratio from
the peoint defined by the knee point.
{Claim 10]
The decoding device according to claim 1, wherein the knee
function is specified by an SEI message.
[Claim 11]
The deccding device according to claim 10, wherein the SEXI
message includes a setting of a knee function id.
[Claim 12]
A decoding method of causing a decoding device to perform:
receiving coded data and conversion informaticn, the
coded data pertaining to an image having luminance in a first
dynamic range and the conversion information pertaining to a
conversion of dynamic range of the luminance of the image from
the first dynamlic range into a second dynamic range; and
decoding the received coded data so as tc generate the
image,
wherein the conversion uses a knee function.
{Claim 133

The decoding method according to claim 12, wherein the
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conversion information includes pre-conversion information
indicating a range of luminance which is a knee function target
in the first dynamic range and post-conversion informatlion
indicating a range of luminance in the second dynamic range that
corresponds to the range of luminance which is the knee function
target in the first dynamic range.
[Claim 14]
The decoding method according to claim 13, wherein the
pre-conversion information indicates the range of luminance
which is converted by knee function at a same conversion ratic
as a conversicn range of the first dynamic range.
{Claim 15]
The decoding method according to claim 13, wherein the
conversion information includes a plurality of pairs of the
pre-conversion information and the post-conversion
information.
[Claim 16]
The decoding method according to claim 12, wherein the
conversion uses the knee function by mapping the dynamic range
of the luminance ¢f the image from the first dynamic range into
the second dynamic range at a first conversion ratio to a point
defined by the knee point and at a second conversion ratio from
the point defined by the knee point.
[Claim 17]
A coding device comprising:
circultry configured to

set conversion information pertaining te a conversion of
dynamic range of a luminance of an image from a first dynamic
range intc a second dynamic range; and

code the image having luminance in the first dynamic range
so as to generate coded data,
wherein the conversion uses a knee function.
[Claim 18]
The coding device according to claim 17, wherein the conversion
information includes pre-conversion informaticon indicating

a
range of luminance which is a knee functien target in the first
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dynamic range and post-conversion information indicating a
range of luminance in the second dynamic range that corresponds
to the range of luminance which is the knee functicn target in
the first dynamic range.
[Claim 19]
The coding device according to claim 18, wherein the
pre-conversion information indicates the range of luminance
which is converted by knee function at a same conversion ratio
as a conversion range of the first dynamic range.
[Claim 20]
The coding device according to ¢laim 18, wherein the conversion
information includes a plurality of pairs of the pre-conversion
information and the post-conversion information.
[Claim 21]
The coding device accerding to claim 17, wherein the conversion
uses the knee function by mapping the dynamic range of the
luminance of the image from the first dynamic range into the
second dynamic range at a first conversion ratio to a peint
defined by the knee point and at a second conversion ratio from
the point defined by the knee point.
[Claim 22]
A non-transitcry computer-readable medium having stored
thereon
coded data and conversion information, the coded data
pertaining to an image having luminance in a first dynamic range
and the conversion information pertaining to a conversion of
dynamic range of the luminance of the image from the first
dynamic range into a second dynamic range, whereiln

a decoding device decodes coded data, generates the image
based on the decoded data, and converts the dynamic range based
on the conversion information including a knee point.
[Claim 23]
The non-transitory computer—-readable medium according to claim
22, wherein the conversion information includes pre~conversion
information indicating a range of luminance which is a knee

function target in the first dynamic rangs and post-conversion
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information indicating a range of luminance in the second
dynamic range that corresponds to the range of luminance which
is the knee function target in the first dynamic range.
[Claim 24]

The non-transitory computer-readable medium according to claim
23, wherein the pre-conversion information indicates the range
of luminance which is converted by knee function at a same
conversion ratio as a conversion range of the first dynamic
range.

[Claim 25]

The non-transitory computer~readable medium according to claim
23, wherein the conversiocn informaticn includes a plurality of
palrs of the pre-conversion information and the post-conversion
information.

[Claim 26]

The non~transitory computer—-readable medium according to ciaim
22, wherein the conversion uses the knee function by mapping
the dynamic range of the luminance of the image from the first
dynamic range into the second dynamic range at a first
conversion ratio to a point defined by the knee point and at
a second conversion ratio from the peint defined by the knee

point.

[ABSTRACT]

There is a provided a decoding device including circuitry
configured to receive coded data and conversion information,
the coded data pertaining to an image having luminance ina first
dynamic range and the conversicn information pertaining to a
conversion of dynamic range of the luminance of the image from
the first dynamic rangse intc a second dynamic range; and decode
the received coded data so as to generate the image, wherein

the conversion uses a knee function.



