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(57) ABSTRACT

A display system includes a conversion apparatus converting
video luminance including a luminance value in a first
luminance range and a display apparatus connected thereto
and displaying the video. The conversion apparatus includes
a first acquisition unit, a first luminance converter, a second
luminance converter, a quantization converter, and an output
unit outputting a third luminance signal to the display
apparatus. The display apparatus includes: a second acqui-
sition unit acquiring the third luminance signal and setting
information indicating display settings recommended to the
display apparatus in display of the video; a display setting
unit setting the display apparatus, using the setting infor-
mation; a third luminance converter converting a third code
value indicated by the third luminance signal into a second
luminance value compatible with a second luminance range,
using the setting information; and a display controller dis-
playing the video on the display apparatus based on the
second luminance value.
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DISPLAY SYSTEM, DISPLAY METHOD, AND
DISPLAY APPARATUS

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a display system,
a display method, and a display apparatus that convert and
display luminance of a video.

2. Description of the Related Art

[0002] Conventionally, an image signal processing appa-
ratus for improving a displayable luminance level is dis-
closed (for example, refer to Unexamined Japanese Patent
Publication No. 2008-167418).

SUMMARY

[0003] The above-described conventional technology
needs further improvement.

[0004] Inone general aspect, the techniques disclosed here
feature a display system including: a conversion apparatus;
and a display apparatus, wherein the conversion apparatus
includes: one or more memories, and circuitry which, in
operation, performs: acquiring a first luminance signal indi-
cating a first code value obtained by quantization of a
luminance value of a video, the luminance of the video being
included in a first luminance range; converting the first code
value into a second luminance value compatible with a
second luminance range, a maximum value of the second
luminance range being determined based on a luminance
range of the display apparatus, the maximum value of the
second luminance range being smaller than a maximum
value of the first luminance range, and the maximum value
of the second luminance range being larger than 100 nit;
determining a third luminance value associated with the
second luminance value in advance, the third luminance
value being compatible with a third luminance range with a
maximum value of 100 nit; converting the second luminance
value compatible with the second luminance range into the
third luminance value compatible with the third luminance
range; determining a second code value by quantization of
the determined third luminance value; converting the third
luminance value compatible with the third luminance range
into a third luminance signal indicating the second code
value; and outputting the third luminance signal to the
display apparatus, and wherein the display apparatus
includes one or more memories, and circuitry which, in
operation, performs: acquiring the third luminance signal
and setting information indicating a display setting recom-
mended to the display apparatus in display of the video;
performing setting of the display setting of the display
apparatus by using the acquired setting information; con-
verting the second code value indicated by the acquired third
luminance signal into the second luminance value compat-
ible with the second luminance range by using the display
setting of the display apparatus; and displaying the video on
the display apparatus based on the second luminance value
obtained by the third luminance conversion.

[0005] It should be noted that these general or specific
aspects may be implemented as a device, an integrated
circuit, a computer program, a computer-readable recording
medium such as a CD-ROM, or any selective combination
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of a device, an integrated circuit, a computer program, or a
computer-readable recording medium.

[0006] The above-described aspect can achieve further
improvement.
[0007] Additional benefits and advantages of the disclosed

embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a diagram illustrating evolution of video
techniques;
[0009] FIG. 2 is a diagram illustrating a relationship

among video production, delivery schemes, and display
apparatus in introduction of new video representation into
content;

[0010] FIG. 3 is a diagram illustrating a relationship
among masters, delivery schemes, and display apparatuses
in introducing HDR;

[0011] FIG. 4A is a diagram illustrating SDR display
processing within an SDR TV;

[0012] FIG. 4B is a diagram illustrating the SDR display
processing within the SDR TV with peak luminance of 300
nit;

[0013] FIG. 5 is a diagram illustrating conversion from
HDR to SDR;
[0014] FIG. 6A is a diagram illustrating case 1 where an

HDR disc stores only an HDR-enabled HDR signal.
[0015] FIG. 6B is a diagram illustrating case 2 where an
HDR disc stores an HDR-enabled HDR signal and an
SDR-enabled SDR signal;

[0016] FIG. 7 is a diagram illustrating conversion process-
ing from HDR to pseudo HDR;

[0017] FIG. 8Ais a diagram illustrating an example of an
electro-optical transfer function (EOTF) that supports each
of HDR and SDR;

[0018] FIG. 8B is a diagram illustrating an example of
inverse EOTF that supports each of HDR and SDR;
[0019] FIG. 9 is an illustrative diagram of a determination
method of a code value of a luminance signal to be stored in
content, and a process of restoring a luminance value from
the code value during playback;

[0020] FIG. 10A is a diagram illustrating one example of
display processing to convert an HDR signal and to perform
HDR display within an HDR TV;

[0021] FIG. 10B is a diagram illustrating one example of
display processing to perform HDR display using an HDR-
enabled playback apparatus and the SDR TV;

[0022] FIG. 10C is a diagram illustrating one example of
display processing to perform HDR display using the HDR-
enabled playback apparatus and the SDR TV connected to
each other via a standard interface;

[0023] FIG. 11 is a block diagram illustrating a configu-
ration of a conversion apparatus and a display apparatus
according to an exemplary embodiment;

[0024] FIG. 12 is a flowchart illustrating a conversion
method and a display method to be performed by the
conversion apparatus and the display apparatus according to
the exemplary embodiment;

[0025] FIG. 13A is a diagram illustrating first luminance
conversion;
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[0026] FIG. 13B is a diagram illustrating another example
of the first luminance conversion;

[0027] FIG. 14 is a diagram illustrating second luminance
conversion;
[0028] FIG. 15 is a flowchart illustrating detailed process-

ing of display settings;

[0029] FIG. 16 is a diagram illustrating third luminance
conversion; and

[0030] FIG. 17 is a diagram illustrating conversion pro-
cessing from HDR to pseudo HDR.

DETAILED DESCRIPTION

(Underlying Knowledge Forming Basis of the Present
Disclosure)

[0031] The inventor of the present disclosure has found
out that the following problem occurs regarding the image
signal processing apparatus described in the column of
“BACKGROUND ART”.

[0032] The image signal processing apparatus disclosed in
Unexamined Japanese Patent Publication No. 2008-167418
calculates linear luminance for each pixel based on linear
RGB values calculated from pixels that constitute a subject,
calculates corrected linear luminance for each pixel and
corrected linear RGB values of combined pixels obtained by
combining a plurality of pixels that include the pixel based
on the linear RGB values and the linear luminance, and then
applies gamma correction to each of the corrected linear
luminance and the corrected linear RGB values to calculate
luminance for display and RGB values for display. Thus, the
image signal processing apparatus achieves increase in a
number of displayable gradations by correcting the linear
luminance based on the corrected linear RGB values.
[0033] However, correction (conversion) of luminance in
the image signal processing apparatus and the like disclosed
in Unexamined Japanese Patent Publication No. 2008-
167418 does not take into consideration a luminance con-
version method for correcting (converting) luminance from
a third luminance range to a second luminance range of
which the luminance range is reduced.

[0034] In order to solve the above-described problem
based on the above examination, the inventor of the present
disclosure has examined the following improvement mea-
sure.

[0035] A display system according to one aspect of the
present disclosure is a display system including: a conver-
sion apparatus; and a display apparatus, wherein the con-
version apparatus includes: one or more memories, and
circuitry which, in operation, performs: acquiring a first
luminance signal indicating a first code value obtained by
quantization of a luminance value of a video, the luminance
of the video being included in a first luminance range;
converting the first code value into a second luminance
value compatible with a second luminance range, a maxi-
mum value of the second luminance range being determined
based on a luminance range of the display apparatus, the
maximum value of the second luminance range being
smaller than a maximum value of the first luminance range,
and the maximum value of the second luminance range
being larger than 100 nit; determining a third luminance
value associated with the second luminance value in
advance, the third luminance value being compatible with a
third luminance range with a maximum value of 100 nit;
converting the second luminance value compatible with the
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second luminance range into the third luminance value
compatible with the third luminance range; determining a
second code value by quantization of the determined third
luminance value; converting the third luminance value com-
patible with the third luminance range into a third luminance
signal indicating the second code value; and outputting the
third luminance signal to the display apparatus, and wherein
the display apparatus includes one or more memories, and
circuitry which, in operation, performs: acquiring the third
luminance signal and setting information indicating a dis-
play setting recommended to the display apparatus in dis-
play of the video; performing setting of the display setting
of the display apparatus by using the acquired setting
information; converting the second code value indicated by
the acquired third luminance signal into the second lumi-
nance value compatible with the second luminance range by
using the display setting of the display apparatus; and
displaying the video on the display apparatus based on the
second luminance value obtained by the third luminance
conversion.

[0036] Since the display setting of the display apparatus is
switched to the recommended display setting and then
luminance conversion is performed using the display setting,
this allows the video to be displayed at the display setting
suitable for the acquired HDR signal.

[0037] In addition, a display method according to one
aspect of the present disclosure is a display method for
displaying a video on the display apparatus of the above-
described display system, the display method including:
acquiring the third luminance signal and the setting infor-
mation indicating the display setting recommended to the
display apparatus in display of the video; performing setting
of the display setting of the display apparatus by using the
acquired setting information; converting the second code
value indicated by the acquired third luminance signal into
the second luminance value compatible with the second
luminance range by using the display setting of the display
apparatus; and displaying the video on the display apparatus
based on the second luminance value obtained by the
converting the second code value.

[0038] In addition, for example, the converting the second
code value may include: by using an electro-optical transfer
function (EOTF) that associates the luminance value in the
third luminance range with a plurality of second code values,
determining the third luminance value associated with the
second code value indicated by the acquired third luminance
signal, the third luminance value being compatible with the
third luminance range; determining the second luminance
value associated with the third luminance value in advance,
the second luminance value being compatible with the
second luminance range; and performing third luminance
conversion to convert the third luminance value compatible
with the third luminance range into the second luminance
value compatible with the second luminance range.

[0039] In addition, for example, performing setting of the
display setting may include setting the EOTF that is set for
the display apparatus as a recommended EOTF according to
the acquired setting information, and determining the third
luminance value includes determining the third luminance
value by using the recommended EOTF.

[0040] In addition, for example, performing setting of the
display setting may include, when the EOTF that is set for
the display apparatus cannot be switched, displaying a
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message on the display apparatus for prompting a user to
switch the EOTF that is set for the display apparatus to the
recommended EOTF.

[0041] In addition, for example, performing setting of the
display setting may include setting a display parameter that
is set for the display apparatus as a recommended display
parameter according to the acquired setting information.
[0042] In addition, for example, performing setting of the
display setting may include, when the display parameter that
is set for the display apparatus cannot be switched, display-
ing a message on the display apparatus for prompting a user
to switch the display parameter that is set for the display
apparatus to the recommended display parameter.

[0043] In addition, for example, the performing the third
luminance conversion may include: by using luminance-
related information according to a display parameter indi-
cating the display setting of the display apparatus, deter-
mining a luminance value associated with the third
luminance value in advance as the second luminance value;
and switching luminance conversion processing according
to the display parameter.

[0044] In addition, for example, the performing the third
luminance conversion may include: when the display param-
eter is a normal mode, performing luminance conversion to
convert the second luminance value into a direct proportion
value in direct proportion to the third luminance value; and
when the display parameter is a dynamic mode in which a
high-luminance pixel becomes brighter and a low-lumi-
nance pixel becomes darker than pixels in the normal mode,
performing luminance conversion to convert the second
luminance value of the low-luminance pixel into a value
lower than the direct proportion value in direct proportion to
the third luminance value, and to convert the second lumi-
nance value of the high-luminance pixel into a value higher
than the direct proportion value in direct proportion to the
third luminance value.

[0045] In addition, for example, performing setting of the
display setting may include, when the acquired setting
information indicates that an acquired luminance signal is
the third luminance signal converted using the second lumi-
nance range, switching a brightness setting of the display
apparatus to a setting of brightest display.

[0046] In addition, a display method according to one
aspect of the present disclosure is a display method for
displaying a video on a display apparatus, the display
method including: converting a first code value obtained by
quantization of a luminance value of the video into a second
luminance value compatible with a second luminance range,
the luminance value of the video being included in a first
luminance range, a maximum value of the second luminance
range being determined based on a luminance range of the
display apparatus, the maximum value of the second lumi-
nance range being smaller than a maximum value of the first
luminance range, and the maximum value of the second
luminance range being larger than 100 nit; converting the
second luminance value into a third luminance value com-
patible with a third luminance range with a maximum value
of 100 nit; acquiring, by the display apparatus, a third
luminance signal indicating a second code value obtained by
quantization of the third luminance value; acquiring setting
information indicating a display setting recommended to the
display apparatus in display of the video; performing setting
of the display setting of the display apparatus by using the
acquired setting information; converting the second code
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value indicated by the acquired third luminance signal into
the second luminance value compatible with the second
luminance range by using the set display setting; and dis-
playing the video on the display apparatus based on the
second luminance value obtained by the converting the
second code value.

[0047] In addition, for example, converting the second
code value may include: by using an electro-optical transfer
function (EOTF) that associates the luminance value in the
third luminance range with a plurality of second code values,
determining the third luminance value associated with the
second code value indicated by the acquired third luminance
signal, the third luminance value being compatible with the
third luminance range; determining the second luminance
value associated with the third luminance value in advance,
the second luminance value being compatible with the
second luminance range; and performing third luminance
conversion to convert the third luminance value compatible
with the third luminance range into the second luminance
value compatible with the second luminance range.

[0048] In addition, for example, performing setting of the
display setting may include setting the EOTF that is set for
the display apparatus as a recommended EOTF according to
the acquired setting information, and determining the third
luminance value includes determining the third luminance
value by using the recommended EOTF.

[0049] In addition, for example, the performing setting of
the display setting may include setting a display parameter
that is set for the display apparatus as a recommended
display parameter according to the acquired setting infor-
mation.

[0050] In addition, for example, the performing the third
luminance conversion may include: by using luminance-
related information according to a display parameter indi-
cating the display setting of the display apparatus, deter-
mining a luminance value associated with the third
luminance value in advance as the second luminance value;
and switching luminance conversion processing according
to the display parameter.

[0051] In addition, for example, the performing the third
luminance conversion may include: when the display param-
eter is a normal mode, performing luminance conversion to
convert the second luminance value into a direct proportion
value in direct proportion to the third luminance value; and
when the display parameter is a dynamic mode in which a
high-luminance pixel becomes brighter and a low-lumi-
nance pixel becomes darker than pixels in the normal mode,
performing luminance conversion to convert the second
luminance value of the low-luminance pixel into a value
lower than the direct proportion value in direct proportion to
the third luminance value, and to convert the second lumi-
nance value of the high-luminance pixel into a value higher
than the direct proportion value in direct proportion to the
third luminance value.

[0052] It should be noted that these general or specific
aspects may be implemented as a device, an integrated
circuit, a computer program, a computer-readable recording
medium such as a CD-ROM, or any selective combination
of a device, an integrated circuit, a computer program, or a
computer-readable recording medium.

[0053] The display method and the display apparatus
according to one aspect of the present disclosure will be
specifically described below with reference to the accom-
panying drawings.
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[0054] Exemplary embodiments described below indicate
one specific example of the present disclosure. Numerical
values, shapes, materials, dispositions and connection forms
of the components, steps, order of the steps, and the like that
are indicated in the following exemplary embodiments are
one example, and do not intend to limit the present disclo-
sure. Also, among the components described in the follow-
ing exemplary embodiments, components that are not
described in an independent claim which represents the
highest concept are described as optional components.

Exemplary Embodiment

[0055] The present disclosure relates to an image conver-
sion-playback method and apparatus for displaying a high
dynamic range (HDR) signal, which is a high-luminance
signal with a high luminance range, in a display apparatus,
such as a TV, projector, tablet, and smart phone, the display
apparatus supporting a standard dynamic range (SDR) sig-
nal, which is a normal luminance signal having a luminance
range with a maximum luminance value of 100 nit.

[1-1. Background]

[0056] First, transition of video techniques will be
described with reference to FIG. 1. FIG. 1 is a diagram
illustrating evolution of the video techniques.

[0057] Until now, high definition of video has focused on
increase in a number of display pixels. So-called 2K video
is widely used, from 720x480-pixel Standard Definition
(SD) video to 1920x1080-pixel High Definition (HD) video.
[0058] In recent years, introduction of so-called 4K video
has started with a view toward higher definition of video,
including 3840x1920-pixel Ultra High Definition (UHD)
video and 4096x1920-pixel 4K video.

[0059] In addition to high resolution of video through
introduction of 4K, consideration is given to high definition
of video through extension of a dynamic range, enlargement
of a color gamut, and addition or improvement of a frame
rate.

[0060] Among those improvements, regarding the
dynamic range, HDR (High Dynamic Range) attracts atten-
tion as a scheme that supports a luminance range with an
extended maximum luminance value for representing bright
light including specular reflection light that cannot be rep-
resented by current TV signals with brightness more similar
to actual brightness while maintaining dark area gradation in
conventional video. Specifically, while a scheme of the
luminance range supported by conventional TV signals is
referred to as SDR (Standard Dynamic Range) with the
maximum luminance value of 100 nit, HDR is assumed to
extend the maximum luminance value to 1,000 nit or more.
Standardization of HDR is under way in organizations such
as SMPTE (Society of Motion Picture & Television Engi-
neers) and ITU-R (International Telecommunications Union
Radiocommunications Sector).

[0061] Assumed specific application of HDR includes
broadcast, package media (such as Blu-ray (registered trade-
mark) disc), and Internet delivery, similarly to HD and
UHD.

[0062] Hereinafter, in an HDR-enabled video, luminance
of the video includes a luminance value within the lumi-
nance range of HDR. A luminance signal obtained through
quantization of the luminance value of the video is referred
to as an HDR signal. In an SDR-enabled video, luminance
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of the video includes a luminance value within the lumi-
nance range of SDR. A luminance signal obtained through
quantization of the luminance value of the video is referred
to as an SDR signal.

[1-2. Relationship Among Master Generation, Delivery
Schemes, and Display Apparatuses|

[0063] FIG. 2 is a diagram illustrating a relationship
among video production, delivery schemes, and display
apparatus in introduction of new video representation into
content.

[0064] When new video representation (increase in a
number of pixels or the like) is introduced for high definition
of'video, as illustrated in FIG. 2, it is necessary to (1) change
a master for home entertainment use on a video production
side. Accordingly, it is also necessary to (2) renew the
delivery schemes, such as broadcast, communication, and
package media, and to (3) renew the display apparatus that
displays the video, such as a TV, projector, and the like.

[1-3. Relationship Among Masters, Delivery Schemes, and
Display Apparatuses in Introducing HDR]

[0065] In order that a user enjoys at home content that
supports new video representation (for example, high-lumi-
nance video content (HDR content)), it is necessary to newly
introduce both an HDR-enabled delivery scheme and an
HDR-enabled display apparatus. That is, in order to enjoy at
home the content that supports the new video representation,
the user needs to prepare the delivery scheme and the display
apparatus that support the new video representation. This is
also unavoidable when new video representation is intro-
duced, such as when video representation is changed from
SD videos to HD videos, from HD videos to three-dimen-
sional (3D) videos, and from HD videos to ultra high
definition (UHD, 4K) videos.

[0066] For this reason, change to the new video represen-
tation, which needs replacement purchase of a TV which is
expensive and does not allow easy replacement in terms of
size, weight, etc., will be dependent on wider use of the
display apparatus having new functions (for example, aTV).
Since a medium side and content side are also unable to
make large investment at first, the new video representation
comes into wide use slowly in many cases.

[0067] Therefore, as illustrated in FIG. 3, regarding HDR
as well, it is expected that replacement purchase of a TV
(hereinafter referred to as “HDR TV”) that supports HDR-
enabled video display (hereinafter referred to as “HDR
display”) is required in order to take full advantage of
original video representation of HDR.

[1-4. SDR TV]

[0068] A TV (hereinafter referred to as “SDR TV”) that
supports only display of an SDR-enabled video (hereinafter
referred to as “SDR display”) normally receives an input
signal with a luminance value of up to 100 nit. Accordingly,
the SDR TV with display capability of 100 nit is sufficient
for representing the luminance value of the input signal.
However, many of the SDR TVs actually have a function of
playing a video with an optimal luminance value adapted to
viewing environments (dark room: cinema mode, bright
room: dynamic mode, etc.), and have capability of video
representation of 200 nit or more. That is, such an SDR TV
can display a video with up to maximum luminance of
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display capability (for example, 300 nit) by selecting a
display mode according to the viewing environment.
[0069] However, since a luminance upper limit of the
SDR-scheme input signal that is input into the SDR TV is
determined as 100 nit, as long as a conventional SDR-
scheme input interface is used, it is difficult to use high-
luminance video playback capability of the SDR TV exceed-
ing 100 nit for playback of the HDR signal (refer to FIG. 4A
and FIG. 4B).

[1-5. HDR to SDR Conversion]

[0070] It is assumed that high-luminance video content
(hereinafter referred to as “HDR content” or “HDR video™)
is output from the SDR TV via an HDR-enabled playback
apparatus (for example, communication set top box (STB),
Blu-ray device, IPTV playback apparatus), the high-lumi-
nance video content being delivered by delivery schemes
such as HDR-enabled broadcast, video delivery via com-
munication networks, or HDR-enabled package media (for
example, HDR-enabled Blu-ray disc). When the SDR TV
plays the HDR content, “HDR to SDR conversion™ is
implemented for converting the HDR-enabled HDR signal
into the SDR signal in the SDR luminance range with a
maximum value of 100 nit such that the SDR TV can display
the video correctly. This allows the SDR TV to display the
SDR video obtained by conversion from the HDR video by
using the converted SDR signal (refer to FIG. 5).

[0071] However, even in this case, although the user has
purchased the HDR-enabled content (for example, Blu-ray
disc, HDR IPTV content) and HDR-enabled playback appa-
ratus (for example, Blu-ray device, HDR-enabled IPTV
playback apparatus), the user can enjoy a video only in SDR
video representation (SDR representation) on the SDR TV.
That is, even if the HDR content and HDR-enabled playback
apparatus are prepared, when there is no HDR-enabled
display apparatus (for example, HDR TV) and there is only
the SDR TV, the user cannot view the video in HDR video
representation (HDR representation).

[0072] Therefore, if the user cannot prepare the HDR TV,
even if the user purchases the HDR content or transmission
media (playback apparatus), the user does not understand
values of HDR (that is, superiority of high definition HDR
over SDR). Thus, since the user does not understand the
values of HDR without the HDR TV, wide use of the HDR
content or HDR-enabled delivery scheme is decided depend-
ing on a speed at which HDR TVs come into wide use.

[1-6. Two Schemes of Implementing HDR to SDR
Conversion|

[0073] When the HDR signal is sent to a TV by using a
Blu-ray disc (BD), the following two cases can be assumed
as illustrated in FIG. 6 A and FIG. 6B. FIG. 6A is a diagram
illustrating case 1 where an HDR-enabled BD stores only an
HDR-enabled HDR signal. FIG. 6B is a diagram illustrating
case 2 where an HDR-enabled BD stores an HDR-enabled
HDR signal and an SDR-enabled SDR signal.

[0074] As illustrated in FIG. 6A, in case 1 where the HDR
TV displays a video obtained by the Blu-ray device playing
a BD, the Blu-ray device outputs a luminance signal stored
in the BD to the HDR TV as it is without conversion,
regardless of whether the Blu-ray device plays the HDR-
enabled BD (hereinafter referred to as “HDR BD”) or
SDR-enabled BD (hereinafter referred to as “SDR BD”).
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Then, the HDR TV, which can perform display processing of
both the HDR signal and the SDR signal, performs display
processing in accordance with the input luminance signal,
and displays the HDR video or SDR video.

[0075] On the other hand, in case 1 where the SDR TV
displays a video obtained by the Blu-ray device playing a
BD, when the HDR BD is played, the Blu-ray device
performs conversion processing to convert the HDR signal
into the SDR signal, and then outputs the SDR signal
obtained by the conversion processing to the SDR TV.
Meanwhile, when the SDR BD is played, the Blu-ray device
outputs the SDR signal stored in the BD as it is to the SDR
TV without conversion. Accordingly, the SDR TV displays
the SDR video.

[0076] In addition, as illustrated in FIG. 6B, case 2 where
the HDR TV displays the video obtained by the Blu-ray
device playing the BD is similar to case 1.

[0077] On the other hand, in case 2 where the SDR TV
displays a video obtained by the Blu-ray device playing the
BD, the Blu-ray device outputs the SDR signal stored in the
BD as it is to the SDR TV without conversion, regardless of
whether the Blu-ray device plays the HDR BD or the SDR
BD.

[0078] Inbothcase1 and case 2, even if the user purchases
the HDR BD and the HDR-enabled Blu-ray device, the user
can enjoy only the SDR video without the HDR TV. There-
fore, the user needs the HDR TV in order to view the HDR
video, and it is estimated that wide use of HDR-enabled
Blu-ray device or HDR BD takes time.

[1-7. HDR to Pseudo HDR Conversion]

[0079] Accordingly, in order to accelerate wide use of
HDR, it may be said to be important that commercialization
of HDR content and delivery scheme can be promoted
without waiting for wide use of the HDR TV. For this
purpose, if it is possible to enable viewing of the HDR signal
on the existing SDR TV, not as the SDR video but as the
HDR video or pseudo HDR video that is more similar to the
HDR video than to the SDR video, the user can view the
higher definition video similar to the HDR video apparently
different from the SDR video, without purchasing the HDR
TV. That is, if the user can view the pseudo HDR video on
the SDR TV, only by preparing the HDR content and HDR
delivery device, the user can view the video with higher
definition than that of the SDR video without preparing the
HDR TV. In short, enabling viewing of the pseudo HDR
video on the SDR TV can become motivation of the user to
purchase the HDR content or HDR delivery device (refer to
FIG. 7).

[0080] In order to implement display of the pseudo HDR
video on the SDR TV, it is necessary to implement “HDR to
pseudo HDR conversion processing” that makes it possible
to generate the pseudo HDR signal for displaying the video
with maximum luminance of display capability of the SDR
TV, for example, the video of 200 nit or more and to send
the generated pseudo HDR signal to the SDR TV, by using
input of the video signal with a maximum value of 100 nit
into the SDR TV instead of conversion of the HDR signal
into the SDR video signal so that the SDR TV can correctly
display the video of the HDR content when the HDR content
is played with a configuration in which the SDR TV is
connected to the HDR delivery scheme.
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[1-8. About EOTF]

[0081] Here, EOTF will be described with reference to
FIG. 8A and FIG. 8B.

[0082] FIG. 8Ais a diagram illustrating an example of an
electro-optical transfer function (EOTF) that supports each
of HDR and SDR.

[0083] EOTF is commonly called a gamma curve, indi-
cates correspondence between a code value and a luminance
value, and converts the code value into the luminance value.
That is, EOTF is correspondence information that indicates
the correspondence between a plurality of code values and
the luminance value.

[0084] FIG. 8B is a diagram illustrating an example of
inverse EOTF that supports each of HDR and SDR.
[0085] Inverse EOTF indicates correspondence between
the luminance value and the code value, and quantizes and
converts the luminance value into the code value, inversely
to EOTF. That is, inverse EOTF is correspondence infor-
mation that indicates the correspondence between the lumi-
nance value and the plurality of code values. For example,
in a case of representing a luminance value of an HDR-
enabled video with a code value of 10-bit gradation, the
luminance value in the luminance range of HDR of up to
10,000 nit is quantized and mapped to 1024 integral values
from 0 to 1023. That is, the luminance value (luminance
value of the HDR-enabled video) in the luminance range of
up to 10,000 nit is converted into the HDR signal of a 10-bit
code value by quantization based on inverse EOTE. In
HDR-enabled EOTF (hereinafter referred to as “EOTF of
HDR”) or HDR-enabled inverse EOTF (hereinafter referred
to as “inverse EOTF of HDR”), it is possible to represent the
luminance value higher than the luminance value in SDR-
enabled EOTF (hereinafter referred to as “EOTF of SDR”)
or SDR-enabled inverse EOTF (hereinafter referred to as
“inverse EOTF of SDR”). For example, in FIG. 8 A and FIG.
8B, the maximum value of luminance (peak luminance) is
10,000 nit. That is, the luminance range of HDR includes the
entire luminance range of SDR, and the peak luminance of
HDR is larger than the peak luminance of SDR. The
luminance range of HDR is the luminance range with the
maximum value enlarged from 100 nit, which is the maxi-
mum value of the luminance range of SDR, to 10,000 nit.
[0086] For example, one example of EOTF of HDR and
inverse EOTF of HDR is SMPTE 2084 standardized by the
United States Society of Motion Picture and Television
Engineers (SMPTE).

[1-9. How to Use EOTF]

[0087] FIG. 9 is an illustrative diagram of a determination
method of a code value of the luminance signal to be stored
in content, and a process of restoring the luminance value
from the code value during playback.

[0088] The luminance signal indicating luminance in this
example is an HDR-enabled HDR signal. An image after
grading is quantized by inverse EOTF of HDR, and the code
value corresponding to the luminance value of the image is
determined. Processing such as image coding is performed
based on this code value, and a video stream is generated.
During playback, a decoding result of the stream is con-
verted into a linear signal through inverse quantization based
on EOTF of HDR, and the luminance value for each pixel
is restored. Hereinafter, quantization of HDR using inverse
EOTF is referred to as “inverse EOTF conversion of HDR”.
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Inverse quantization of HDR using EOTF is referred to as
“EOTF conversion of HDR”. Similarly, quantization of SDR
using inverse EOTF is referred to as “inverse EOTF con-
version of SDR”. Inverse quantization of SDR using EOTF
is referred to as “EOTF conversion of SDR”.

[1-10. Necessity for Pseudo HDR]

[0089] Next, necessity for pseudo HDR will be described
with reference to FIG. 10A to FIG. 10C.

[0090] FIG. 10A is a diagram illustrating an example of
display processing for converting an HDR signal and per-
forming HDR display within an HDR TV.

[0091] As illustrated in FIG. 10A, in displaying an HDR
video, a maximum value of the luminance range of HDR
(peak luminance (HPL (HDR Peak Luminance): example
1500 nit)) may not be displayed as it is even if the display
apparatus is an HDR TV. In this case, luminance conversion
is performed to adapt a linear signal after inverse quantiza-
tion using EOTF of HDR to a maximum value of the
luminance range of the display apparatus (peak luminance
(DPL (Display Peak luminance): example 750 nit)). Then,
inputting a video signal obtained through the luminance
conversion into the display apparatus allows for displaying
the HDR video adapted to the maximum luminance range
which is a limit of the display apparatus.

[0092] FIG. 10B is a diagram illustrating an example of
display processing for performing HDR display by using an
HDR-enabled playback apparatus and SDR TV.

[0093] As illustrated in FIG. 10B, in displaying the HDR
video, when the display apparatus is an SDR TV, by making
use of the fact that the maximum value of the luminance
range of the SDR TV for display (peak luminance (DPL:
example 300 nit)) exceeds 100 nit, “EOTF conversion of
HDR” performed in the HDR TV and “luminance conver-
sion” using DPL (example: 300 nit), which is the maximum
value of the luminance range of the SDR TV, are performed
in the “HDR to pseudo HDR conversion processing” within
the HDR-enabled playback apparatus (Blu-ray device) of
FIG. 10B. If a signal obtained by performing the “luminance
conversion” can be input directly into the “display appara-
tus” of the SDR TV, an effect identical to the effect of the
HDR TV can be achieved even if the SDR TV is used.
[0094] However, this cannot be achieved because the SDR
TV does not have means for performing direct input of such
a signal from outside.

[0095] FIG. 10C is a diagram illustrating an example of
display processing for performing HDR display using the
HDR-enabled playback apparatus and SDR TV connected to
each other via a standard interface.

[0096] As illustrated in FIG. 10C, it is necessary to input
into the SDR TV a signal that provides the effect of FIG. 10B
by using an input interface usually included in the SDR TV
(such as HDMI (registered trademark)). In the SDR TV, the
signal that is input via the input interface passes through
“BOTF conversion of SDR”, “luminance conversion for
each mode”, and “display apparatus” sequentially, and dis-
plays a video adapted to the maximum luminance range
value of the display apparatus. Therefore, within the HDR-
enabled Blu-ray device, a signal (pseudo HDR signal) is
generated for cancelling “EOTF conversion of SDR” and
“luminance conversion for each mode” through which the
signal passes immediately after the input interface in the
SDR TV. That is, within the HDR-enabled Blu-ray device,
by performing “inverse luminance conversion for each
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mode”, and “inverse EOTF conversion of SDR” immedi-
ately after “EOTF conversion of HDR” and “luminance
conversion” using the peak luminance (DPL) of the SDR
TV, a pseudo effect identical to the effect in a case where a
signal immediately after the “luminance conversion™ is input
into the “display apparatus” (dashed arrow of FIG. 10C) is
achieved.

[1-11. Conversion Apparatus and Display Apparatus]

[0097] FIG. 11 is a block diagram illustrating a configu-
ration of the conversion apparatus and display apparatus
according to the exemplary embodiment. FIG. 12 is a
flowchart illustrating the conversion method and display
method to be performed by the conversion apparatus and
display apparatus according to the exemplary embodiment.
[0098] As illustrated in FIG. 11, conversion apparatus 100
includes HDR EOTF converter 101, luminance converter
102, inverse luminance converter 103, and inverse SDR
EOTF converter 104. Display apparatus 200 includes dis-
play setting unit 201, SDR EOTF converter 202, luminance
converter 203, and display unit 204.

[0099] Detailed description of each component of conver-
sion apparatus 100 and display apparatus 200 will be made
in description of the conversion method and the display
method.

[0100] Hereinafter, the luminance range of HDR (0 to
HPL [nit]) is referred to as “first luminance range”. The
luminance range of a display (0 to DPL [nit]) is referred to
as “second luminance range”. The luminance range of SDR
(0 to 100 [nit]) is referred to as “third luminance range”.

[1-12. Conversion Method and Display Method]

[0101] The conversion method to be performed by con-
version apparatus 100 will be described with reference to
FIG. 12. Note that the conversion method includes step S101
to step S104 described below.

[0102] First, HDR EOTF converter 101 of conversion
apparatus 100 acquires the HDR video on which inverse
EOTF conversion of HDR is performed. HDR EOTF con-
verter 101 of conversion apparatus 100 performs EOTF
conversion of HDR on the HDR signal of the acquired HDR
video (S101). Accordingly, HDR EOTF converter 101 con-
verts the acquired HDR signal into a linear signal that
indicates the luminance value. An example of EOTF of HDR
is SMPTE 2084.

[0103] Next, luminance converter 102 of conversion appa-
ratus 100 performs first luminance conversion that converts
the linear signal converted by HDR EOTF converter 101 by
using display characteristic information and content lumi-
nance information (S102). In the first luminance conversion,
the luminance value compatible with the luminance range of
HDR (hereinafter referred to as “luminance value of HDR”),
which is the first luminance range, is converted into the
luminance value compatible with the luminance range of the
display (hereinafter referred to as “display luminance
value”), which is the second luminance range. Details will
be described later.

[0104] From the aforementioned description, HDR EOTF
converter 101 functions as an acquisition unit that acquires
the HDR signal as a first luminance signal indicating the
code value obtained by quantization of the luminance value
of a video. In addition, HDR EOTF converter 101 and
luminance converter 102 function as a converter that con-
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verts the code value indicated by the HDR signal acquired
by the acquisition unit into the display luminance value
compatible with the luminance range of the display deter-
mined based on the luminance range of the display (display
apparatus 200), which is a maximum value (DPL) smaller
than a maximum value (HPL) of the luminance range of
HDR and larger than 100 nit.

[0105] More specifically, in step S101, HDR EOTF con-
verter 101 uses the acquired HDR signal and EOTF of HDR
to determine the luminance value of HDR associated with
the code value of HDR by EOTF of HDR, the code value of
HDR being a first code value indicated by the acquired HDR
signal. Note that the HDR signal indicates the code value of
HDR obtained by quantization of the luminance value of a
video (content) by using inverse EOTF of HDR that asso-
ciates the luminance value in the luminance range of HDR
with the plurality of HDR code values.

[0106] In step S102, regarding the luminance value of
HDR determined in step S101, luminance converter 102
performs the first luminance conversion that determines the
display luminance value compatible with the luminance
range of the display associated with the luminance value of
HDR in advance, and converts the luminance value of HDR
compatible with the HDR luminance range into the display
luminance value compatible with the luminance range of the
display.

[0107] Before step S102, conversion apparatus 100
acquires content luminance information including at least
one of a maximum value of luminance (CPL: Content Peak
luminance) of a video (content) and an average luminance
value (CAL: Content Average luminance) of a video as
information regarding the HDR signal. CPL (first maximum
luminance value) is, for example, a maximum value of the
luminance values of a plurality of images that constitute the
HDR video. CAL is, for example, an average luminance
value which is an average of the luminance values of the
plurality of images that constitute the HDR video.

[0108] In addition, before step S102, conversion apparatus
100 acquires the display characteristic information on dis-
play apparatus 200 from display apparatus 200. Note that the
display characteristic information is information indicating
the display characteristic of display apparatus 200, such as
a maximum value of luminance that display apparatus 200
can display (DPL), display mode (refer to later description)
of display apparatus 200, and input-output characteristic
(EOTF supported by the display apparatus).

[0109] Inaddition, conversion apparatus 100 may transmit
recommended display setting information (refer to later
description, and hereinafter sometimes referred to as “set-
ting information™) to display apparatus 200.

[0110] Next, inverse luminance converter 103 of conver-
sion apparatus 100 performs inverse luminance conversion
according to the display mode of display apparatus 200.
Accordingly, inverse luminance converter 103 performs
second luminance conversion that converts the luminance
value compatible with the luminance range of the display,
which is the second luminance range, into the luminance
value compatible with the luminance range of SDR, which
is the third luminance range (S103). Details will be
described later. That is, regarding the display luminance
value obtained in step S102, inverse luminance converter
103 performs the second luminance conversion that deter-
mines the luminance value compatible with SDR (herein-
after referred to as “SDR luminance value”) as a third
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luminance value compatible with the luminance range of
SDR with the maximum value of 100 nit associated with the
display luminance value in advance, and converts the dis-
play luminance value compatible with the luminance range
of the display into the SDR luminance value compatible
with the luminance range of SDR.

[0111] Then, inverse SDR EOTF converter 104 of con-
version apparatus 100 performs inverse SDR EOTF conver-
sion to generate the pseudo HDR video (S104). That is,
inverse SDR EOTF converter 104 uses inverse EOTF (Elec-
tro-Optical Transfer Function) of SDR (Standard Dynamic
Range), which is third correspondence information that
associates the luminance value in the luminance range of
HDR with a plurality of third code values, to quantize the
determined luminance value of SDR, determines the third
code value obtained by quantization, and converts the lumi-
nance value of SDR compatible with the luminance range of
SDR into the SDR signal as a third luminance signal
indicating the third code value, thereby generating the
pseudo HDR signal. Here, each of the third code values is a
code value compatible with SDR, and hereinafter referred to
as “code value of SDR”. That is, the SDR signal is expressed
by the code value of SDR obtained by quantization of the
luminance value of a video by using inverse EOTF of SDR
that associates the luminance value in the luminance range
of SDR with the plurality of code values of SDR. Then,
conversion apparatus 100 outputs the pseudo HDR signal
(SDR signal) generated in step S104 to display apparatus
200.

[0112] Conversion apparatus 100 performs the first lumi-
nance conversion and the second luminance conversion on
the luminance value of HDR obtained by performing inverse
quantization on the HDR signal to generate the luminance
value of SDR compatible with pseudo HDR. Conversion
apparatus 100 quantizes the luminance value of SDR by
using EOTF of SDR to generate the SDR signal compatible
with pseudo HDR. Although the luminance value of SDR is
a numerical value within the luminance range of 0 to 100 nit
compatible with SDR, since conversion based on the lumi-
nance range of the display is performed, the luminance value
of SDR is a numerical value different from the luminance
value within the luminance range of 0 to 100 nit compatible
with SDR obtained by performing the luminance conversion
using EOTF of HDR and EOTF of SDR on the luminance
value of HDR.

[0113] Next, the display method to be performed by dis-
play apparatus 200 will be described with reference to FIG.
12. Note that the display method includes step S105 to step
S108 described below.

[0114] First, display setting unit 201 of display apparatus
200 uses the setting information acquired from conversion
apparatus 100 to set display settings of display apparatus
200 (S105). Here, display apparatus 200 is the SDR TV. The
setting information is information indicating display settings
recommended to the display apparatus, and is information
indicating how to perform EOTF on the pseudo HDR video
and which display settings to use for displaying a beautiful
video (that is, information for switching the display settings
of display apparatus 200 to optimal display settings). The
setting information includes, for example, a gamma curve
characteristic of output in the display apparatus, display
modes such as a living mode (normal mode) and dynamic
mode, and a numerical value of a back light (brightness). In
addition, a message may be displayed on display apparatus
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200 for prompting the user to change the display settings of
display apparatus 200 (hereinafter sometimes referred to as
“SDR display”) by manual operation. Details will be
described later.

[0115] Note that, before step S105, display apparatus 200
acquires the SDR signal (pseudo HDR signal) and the
setting information indicating the display settings recom-
mended to display apparatus 200 in displaying a video.
[0116] Display apparatus 200 only needs to acquire the
SDR signal (pseudo HDR signal) before step S106, and may
acquire the SDR signal after step S105.

[0117] Next, SDR EOTF converter 202 of display appa-
ratus 200 performs EOTF conversion of SDR on the
acquired pseudo HDR signal (S106). That is, SDR EOTF
converter 202 performs inverse quantization on the SDR
signal (pseudo HDR signal) by using EOTF of SDR.
Accordingly, SDR EOTF converter 202 converts the code
value of SDR indicated by the SDR signal into the lumi-
nance value of SDR.

[0118] Then, luminance converter 203 of display appara-
tus 200 performs the luminance conversion according to the
display mode that is set for display apparatus 200. Accord-
ingly, luminance converter 203 performs third luminance
conversion that converts the luminance value of SDR com-
patible with the luminance range of SDR (0 to 100 [nit]) into
the display luminance value compatible with the luminance
range of the display (0 to DPL [nit]) (S107). Details will be
described later.

[0119] As described above, in step S106 and step S107,
display apparatus 200 converts the third code value indi-
cated by the acquired SDR signal (pseudo HDR signal) into
the display luminance value compatible with the luminance
range of the display (0 to DPL [nit]) by using the setting
information acquired in step S105.

[0120] More specifically, in the conversion from the SDR
signal (pseudo HDR signal) into the display luminance
value, in step S106, by using EOTF that associates the
luminance value in the luminance range of SDR with the
plurality of third code values, display apparatus 200 deter-
mines the luminance value of SDR associated with the code
value of SDR indicated by the acquired SDR signal by
EOTF of SDR.

[0121] Then, in the conversion into the display luminance
value, in step S107, display apparatus 200 performs the third
luminance conversion that determines the display luminance
value compatible with the luminance range of the display
associated in advance with the determined luminance value
of SDR, and converts the luminance value of SDR compat-
ible with the luminance range of SDR into the display
luminance value compatible with the luminance range of the
display.

[0122] Finally, display unit 204 of display apparatus 200
displays the pseudo HDR video on display apparatus 200
based on the converted display luminance value (S108).

[1-13. First Luminance Conversion]

[0123] Next, details of the first luminance conversion
(HPL to DPL) of step S102 will be described with reference
to FIG. 13A. FIG. 13A is a diagram illustrating an example
of the first luminance conversion.

[0124] Luminance converter 102 of conversion apparatus
100 performs the first luminance conversion of converting
the linear signal (luminance value of HDR) obtained in step
S101 by using the display characteristic information and the
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content luminance information on the HDR video. The first
luminance conversion converts the luminance value of HDR
(input luminance value) into the display luminance value
(output luminance value) that does not exceed the display
peak luminance (DPL). DPL is determined using the maxi-
mum luminance of the SDR display and the display mode
which are the display characteristic information. The display
mode is, for example, mode information including a theater
mode of relatively dark display on the SDR display and a
dynamic mode of relatively bright display. When the display
mode is, for example, a mode in which the maximum
luminance of the SDR display is 1,500 nit, and the display
mode is a mode in which brightness is set to 50% of the
maximum luminance, DPL will be 750 nit. Here, DPL
(second maximum luminance value) is a maximum value of
luminance the SDR display can display in the display mode
of current setting. That is, in the first luminance conversion,
DPL as the second maximum luminance value is determined
by using the display characteristic information which is
information indicating the display characteristic of the SDR
display.

[0125] In addition, in the first luminance conversion, CAL
and CPL out of the content luminance information are used.
The luminance value equal to or less than vicinity of CAL
is identical between before and after the conversion, and
only the luminance value equal to or greater than vicinity of
CPL is changed. That is, as illustrated in FIG. 13A, in the
first luminance conversion, when the luminance value of
HDR is equal to or less than CAL, the luminance value of
HDR is not converted, and the luminance value of HDR is
determined as the display luminance value. When the lumi-
nance value of HDR is equal to or greater than CPL, DPL
as the second maximum luminance value is determined as
the display luminance value.

[0126] In addition, in the first luminance conversion, out
of the luminance information, the peak luminance of the
HDR video (CPL) is used. When the luminance value of
HDR is CPL, DPL is determined as the display luminance
value.

[0127] Note that, in the first luminance conversion, as
illustrated in FIG. 13B, conversion may be performed so that
the linear signal (luminance value of HDR) obtained in step
S101 may be clipped to a value that does not exceed DPL.
Such luminance conversion can simplify processing per-
formed by conversion apparatus 100, and can achieve size
reduction, low power consumption, and high-speed process-
ing of the apparatuses. Note that FIG. 13B is a diagram
illustrating another example of the first luminance conver-
sion.

[1-14. Second Luminance Conversion]|

[0128] Next, details of the second luminance conversion
of step S103 (DPL to 100 [nit]) will be described with
reference to FIG. 14. FIG. 14 is a diagram illustrating the
second luminance conversion.

[0129] Inverse luminance converter 103 of conversion
apparatus 100 applies inverse luminance conversion accord-
ing to the display mode to the display luminance value in the
luminance range of the display converted in the first lumi-
nance conversion of step S102 (0 to DPL [nit]). The inverse
luminance conversion is processing for acquiring the display
luminance value in the luminance range of the display after
processing of step S102 (0 to DPL [nit]) when the luminance
conversion processing (step S107) according to the display
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mode is performed by the SDR display. That is, the second
luminance conversion is the inverse luminance conversion
of the third luminance conversion.

[0130] By the aforementioned processing, the second
luminance conversion converts the display luminance value
in the luminance range of the display (input luminance
value), which is the second luminance range, into the
luminance value of SDR in the luminance range of SDR
(output luminance value), which is the third luminance
range.

[0131] In the second luminance conversion, a conversion
equation is switched according to the display mode of the
SDR display. For example, when the display mode of the
SDR display is the normal mode, the luminance conversion
is performed to a direct proportion value in direct proportion
to the display luminance value. In the second luminance
conversion, when the display mode of the SDR display is the
dynamic mode in which a high-luminance pixel becomes
brighter and a low-luminance pixel becomes darker than
pixels in the normal mode, the luminance conversion is
performed by using an inverse function thereof so that the
luminance value of SDR of the low-luminance pixel is
converted into a value higher than the direct proportion
value in direct proportion to the display luminance value,
and that the luminance value of SDR of the high-luminance
pixel is converted into a value lower than the direct propor-
tion value in direct proportion to the display luminance
value. That is, in the second luminance conversion, regard-
ing the display luminance value determined in step S102, by
using luminance-related information according to the dis-
play characteristic information which is information indi-
cating the display characteristic of the SDR display, the
luminance value associated with the display luminance
value is determined as the luminance value of SDR, and the
luminance conversion processing is switched according to
the display characteristic information. Here, the luminance-
related information according to the display characteristic
information refers, for example as illustrated in FIG. 14, to
information that associates the display luminance value
(input luminance value) with the luminance value of SDR
(output luminance value) defined for each display parameter
of the SDR display (display mode).

[1-15. Display Settings]

[0132] Next, details of the display settings of step S105
will be described with reference to FIG. 15. FIG. 15 is a
flowchart illustrating detailed processing of the display
settings.

[0133] In step S105, display setting unit 201 of the SDR
display performs step S201 to step S208 described below.
[0134] First, display setting unit 201 uses the setting
information to determine whether EOTF that is set for the
SDR display (EOTF for SDR display) is consistent with
EOTF assumed at a time of generation of the pseudo HDR
video (SDR signal) (S201).

[0135] When display setting unit 201 determines that
EOTF that is set for the SDR display differs from EOTF
indicated by the setting information (EOTF consistent with
the pseudo HDR video) (Yes in S201), display setting unit
201 determines whether EOTF for the SDR display is
switchable on a system side (S202).

[0136] When display setting unit 201 determines that
EOTF for the SDR display is switchable, display setting unit
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201 uses the setting information to switch EOTF for the
SDR display to appropriate EOTF (5203).

[0137] From step S201 to step S203, in setting of the
display settings (S105), display setting unit 201 sets EOTF
that is set for the SDR display as recommended EOTF
according to the acquired setting information. This allows
determination of the luminance value of SDR by using the
recommended EOTF in step S106 to be performed after step
S105.

[0138] When display setting unit 201 determines that
EOTF for the SDR display is not switchable on the system
side (No in S202), display setting unit 201 displays a
message on a screen prompting the user to change EOTF by
manual operation (S204). For example, display setting unit
201 displays a message on the screen saying “Set display
gamma to 2.4”. That is, when display setting unit 201 cannot
switch EOTF that is set for the SDR display in setting of the
display settings (S105), display setting unit 201 displays the
message on the SDR display for prompting the user to
switch EOTF that is set for the SDR display (EOTF for the
SDR display) to the recommended EOTF.

[0139] Next, although the SDR display displays the
pseudo HDR video (SDR signal), before the display, display
setting unit 201 uses the setting information to determine
whether the display parameter of the SDR display matches
the setting information (S205).

[0140] When display setting unit 201 determines that the
display parameter that is set for the SDR display differs from
the setting information (Yes in S205), display setting unit
201 determines whether the display parameter of the SDR
display is switchable (S206).

[0141] When display setting unit 201 determines that the
display parameter of the SDR display is switchable (Yes in
S206), display setting unit 201 switches the display param-
eter of the SDR display in accordance with the setting
information (S207).

[0142] From step S204 to step S207, in setting of the
display settings (S105), display setting unit 201 sets the
display parameter that is set for the SDR display as a
recommended display parameter according to the acquired
setting information.

[0143] When display setting unit 201 determines that the
display parameter of the SDR display is not switchable on
the system side (No in S206), display setting unit 201
displays a message on the screen prompting the user to
change the display parameter that is set for the SDR display
by manual operation (S208). For example, display setting
unit 201 displays a message on the screen saying “Set
display mode to dynamic mode, and increase back light to
maximum level”. That is, in setting (S105), when the display
parameter that is set for the SDR display cannot be switched,
display setting unit 201 displays the message on the SDR
display for prompting the user to switch the display param-
eter that is set for the SDR display to the recommended
display parameter.

[1-16. Third Luminance Conversion|

[0144] Next, details of the third luminance conversion of
step S107 (100 to DPL [nit]) will be described with refer-
ence to FIG. 16. FIG. 16 is a diagram illustrating the third
luminance conversion.

[0145] Luminance converter 203 of display apparatus 200
converts the luminance value of SDR in the luminance range
of SDR (0 to 100 [nit]) into (0 to DPL [nit]) according to the
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display mode that is set in step S105. This processing is
performed so as to become an inverse function of the inverse
luminance conversion for each mode of S103.

[0146] In the third luminance conversion, the conversion
equation is switched according to the display mode of the
SDR display. For example, when the display mode of the
SDR display is the normal mode (that is, when the set
display parameter is a parameter compatible with the normal
mode), the luminance conversion of the display luminance
value is performed to the direct proportion value in direct
proportion to the luminance value of SDR. In the third
luminance conversion, when the display mode of the SDR
display is the dynamic mode in which a high-luminance
pixel becomes brighter and a low-luminance pixel becomes
darker than pixels in the normal mode, the luminance
conversion is performed so that the display luminance value
of the low-luminance pixel is converted into a value lower
than the direct proportion value in direct proportion to the
luminance value of SDR, and that the display luminance
value of the high-luminance pixel is converted into a value
higher than the direct proportion value in direct proportion
to the luminance value of SDR. That is, in the third lumi-
nance conversion, regarding the luminance value of SDR
determined in step S106, by using luminance-related infor-
mation according to the display parameter indicating the
display settings of the SDR display, the luminance value
associated in advance with the luminance value of SDR is
determined as the display luminance value, and the lumi-
nance conversion processing is switched according to the
display parameter. Here, the luminance-related information
according to the display parameter refers, for example as
illustrated in FIG. 16, to information that associates the
luminance value of SDR (input luminance value) with the
display luminance value (output luminance value) defined
for each display parameter of the SDR display (display
mode).

[1-17. Advantageous Effects, etc.]

[0147] A normal SDR TV, whose input signal is 100 nit,
has capability of visual representation of 200 nit or more
adapted to viewing environments (dark room: cinema mode,
bright room: dynamic mode, etc.). However, since a lumi-
nance upper limit of the input signal to the SDR TV is
determined as 100 nit, the capability cannot be used directly.
[0148] In a case of displaying the HDR video on the SDR
TV, by making use of the fact that the peak luminance of the
SDR TV for display exceeds 100 nit (normally 200 nit or
more), “HDR to pseudo HDR conversion processing” is
performed so that gradation of the luminance range exceed-
ing 100 nit be maintained to some extent, instead of con-
version of the HDR video into the SDR video of 100 nit or
less. Therefore, the HDR video may be displayed on the
SDR TV as a pseudo HDR video close to the original HDR
video.

[0149] When this “HDR to pseudo HDR conversion pro-
cessing” technique is applied to Blu-ray with an HDR disc
storing only the HDR signal and the SDR TV connected to
the Blu-ray device as illustrated in FIG. 17, the Blu-ray
device performs the “HDR to pseudo HDR conversion
processing”, converts the HDR signal into the pseudo HDR
signal, and sends the pseudo HDR signal to the SDR TV.
This allows the SDR TV to display a video with a pseudo
HDR effect by converting the received pseudo HDR signal
into a luminance value. Thus, even where there is no
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HDR-enabled TV, when the HDR-enabled BD and HDR-
enabled Blu-ray device are prepared, even the SDR TV can
display the pseudo HDR video with higher display quality
than that of the SDR video.

[0150] Therefore, although it has been considered that the
HDR-enabled TV is required for watching the HDR video,
the pseudo HDR video that provides feeling of an HDR-like
effect can be watched on the existing SDR TV. Accordingly,
wide use of HDR-enabled Blu-ray is expected.

[0151] The HDR signal sent by broadcast, package media
such as Blu-ray, and Internet delivery such as OTT is
converted into the pseudo HDR signal by performing the
HDR-pseudo HDR conversion processing. This allows the
HDR signal to be displayed on the existing SDR TV as the
pseudo HDR video.

Other Exemplary Embodiments

[0152] As described above, the exemplary embodiment
has been described by way of example of the technique to be
disclosed in this application. However, the technique in the
present disclosure is not limited to this example, and is also
applicable to the exemplary embodiment to which change,
replacement, addition, omission, etc. are made as appropri-
ate. It is also possible to make a new exemplary embodiment
by combining components described in the aforementioned
exemplary embodiment.

[0153] Therefore, other exemplary embodiment will be
illustrated below.

[0154] The HDR video is, for example, a video within a
Blu-ray disc, DVD, video delivery site on the Internet,
broadcast, and HDD.

[0155] Conversion apparatus 100 (HDR to pseudo HDR
conversion processor) may exist within a disc player, disc
recorder, set-top box, TV, personal computer, and smart
phone. Conversion apparatus 100 may exist within a server
apparatus on the Internet.

[0156] Display apparatus 200 (SDR display unit) is, for
example, a TV, personal computer, and smart phone.
[0157] The display characteristic information to be
acquired by conversion apparatus 100 may be acquired from
display apparatus 200 through an HDMI cable or LAN cable
by using HDMI or other communication protocols. As the
display characteristic information to be acquired by conver-
sion apparatus 100, display characteristic information
included in model information on display apparatus 200, etc.
may be acquired via the Internet. The user may perform
manual operation to set the display characteristic informa-
tion in conversion apparatus 100. Acquisition of the display
characteristic information by conversion apparatus 100 may
be performed immediately before pseudo HDR video gen-
eration (steps S101 to S104), and may be performed with
timing of initial setting of a device or display connection.
For example, acquisition of the display characteristic infor-
mation may be performed immediately before conversion
into the display luminance value, and may be performed
with timing with which conversion apparatus 100 is con-
nected to display apparatus 200 with an HDMI cable for the
first time.

[0158] One set of information items including CPL and
CAL of the HDR video may exist per one piece of content,
and may exist for each scene. That is, in the conversion
method may be acquired luminance information (CPL,
CAL) compatible with each of a plurality of scenes in a
video, the luminance information including, for each of the
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scenes, at least one of a first maximum luminance value
which is a maximum value out of the luminance values of a
plurality of images that constitute the scene, and an average
luminance value which is an average of the luminance
values of the plurality of images that constitute the scene. In
the first luminance conversion, the display luminance value
may be determined in accordance with luminance informa-
tion corresponding to each of the plurality of scenes.
[0159] CPL and CAL may be provided in a medium (such
as a Blu-ray disc and DVD) identical to a medium of the
HDR video, and may be acquired from a place different from
the HDR video, such as conversion apparatus 100 acquires
CPL and CAL from the Internet. That is, the luminance
information including at least one of CPL and CAL may be
acquired as metadata information on the video, and may be
acquired via a network.

[0160] In the first luminance conversion of conversion
apparatus 100 (HPL to DPL), CPL, CAL, and the display
peak luminance (DPL) may not be used, and fixed values
may be used. The fixed values may be changeable from
outside. CPL, CAL, and DPL may be switched among
several types, for example, DPL, may be only three types
including, 200 nit, 400 nit, and 800 nit, and a value closest
to the display characteristic information may be used.
[0161] EOTF of HDR may not be SMPTE 2084, and
EOTF of HDR of another type may be used. The maximum
luminance of the HDR video (HPL) may not be 10,000 nit,
and may be, for example, 4,000 nit or 1,000 nit.

[0162] A bit width of the code value may be, for example,
16, 14, 12, 10, or 8 bits.

[0163] Although inverse EOTF conversion of SDR is
determined from the display characteristic information, a
fixed (changeable from outside) conversion function may be
used. Inverse EOTF conversion of SDR may use, for
example, a function prescribed by Rec. ITU-R BT.1886.
Types of inverse EOTF conversion of SDR may be limited
to several types, and a type closest to an input-output
characteristic of display apparatus 200 may be selected and
used.

[0164] A fixed mode may be used as the display mode, and
the display mode may not be included in the display char-
acteristic information.

[0165] Conversion apparatus 100 may not transmit the
setting information, display apparatus 200 may use fixed
display settings, and may not change the display settings. In
this case, display setting unit 201 is unnecessary. The setting
information may be flag information indicating whether a
video is the pseudo HDR video, and for example, when a
video is the pseudo HDR video, settings may be changed to
brightest display. That is, in setting of the display settings
(S105), when the acquired setting information indicates a
signal indicating the pseudo HDR video that is converted
using DPL, brightness settings of display apparatus 200 may
be switched to settings of brightest display.

[0166] The first luminance conversion (HPL to DPL) of
conversion apparatus 100 is performed by the next formula,
for example.

( L for 0 e L<S1 [Mathematical expression 1]
v=dalnl)+b for S1el<S2
l M for S2 < L
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[0167] Here, L denotes a luminance value normalized to 0
to 1, and S1, S2, a, b, and M are values to be set based on
CAL, CPL, and DPL. In is a natural logarithm. V is a
converted luminance value normalized to 0 to 1. As in the
example of FIG. 13A, when CAL is 300 nit, CPL is 2,000
nit, DPL is 750 nit, conversion is not performed until
CAL+50 nit, and conversion is performed for 350 nit or
more, respective values are as follows, for example.

S1=350/10,000
$2=2,000/10,000
M=750/10,000

a=0.023
b=S1-a*In(S1)=0.112105

[0168] That is, in the first luminance conversion, when the
luminance value of SDR is between the average luminance
value (CAL) and the first maximum luminance value (CPL),
the display luminance value corresponding to the luminance
value of HDR is determined using a natural logarithm.
[0169] By converting the HDR video by using information
including the content peak luminance and content average
luminance of the HDR video, the conversion equation may
be changed according to content, and it is possible to
perform conversion so that gradation of HDR may be
maintained as much as possible. It is also possible to inhibit
an adverse effect such as too dark and too bright. Specifi-
cally, by mapping the content peak luminance of the HDR
video on the display peak luminance, gradation is main-
tained as much as possible. In addition, overall brightness is
kept from changing by not changing a pixel value equal to
or less than vicinity of the average luminance.

[0170] By using the peak luminance value and the display
mode of the SDR display to convert the HDR video, the
conversion equation may be changed in accordance with
display environments of the SDR display. In accordance
with performance of the SDR display, a video with feeling
of HDR (pseudo HDR video) may be displayed with gra-
dation and brightness similar to gradation and brightness of
an original HDR video. Specifically, by determining the
display peak luminance in accordance with the maximum
luminance and display mode of the SDR display, and by
converting the HDR video so as not to exceed the peak
luminance value, the HDR video is displayed with little
reduction in gradation of the HDR video until brightness that
is displayable by the SDR display. For non-displayable
brightness levels, the luminance value is decreased to a
displayable brightness level.

[0171] This makes it possible to reduce non-displayable
brightness information, and to display video in a form close
to the original HDR video without reducing gradation of
displayable brightness. For example, for a display with a
peak luminance of 1,000 nit, overall brightness is main-
tained by conversion into the pseudo HDR video with a peak
luminance reduced to 1,000 nit, and the luminance value
changes depending on the display mode of the display.
Therefore, the conversion equation of luminance is changed
according to the display mode of the display. If luminance
greater than the peak luminance of the display is allowed in
the pseudo HDR video, such great luminance may be
replaced with the peak luminance on the display side for
display. In this case, the display becomes darker than the
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original HDR video on the whole. In contrast, when the
conversion is performed with the luminance smaller than the
peak luminance of the display as the maximum luminance,
such small luminance is replaced with the peak luminance
on the display side, and the display becomes brighter than
the original HDR video on the whole. Moreover, this does
not make the most of performance regarding gradation of the
display because the luminance is smaller than the peak
luminance on the display side.

[0172] On the display side, this makes it possible to better
display the pseudo HDR video by switching the display
settings by using the setting information. For example, when
brightness is set to dark, high-luminance display is not
possible, and thus feeling of HDR is impaired. In this case,
by changing the display settings or by displaying a message
prompting to change the display settings, maximum perfor-
mance of the display is brought out, and a high-gradation
video may be displayed.

[0173] In a case of displaying the HDR video on the SDR
TV in the conversion method of the present disclosure, by
making use of the fact that the peak luminance of the SDR
TV for display exceeds 100 nit (normally 200 nit or more),
“HDR to pseudo HDR conversion processing” is imple-
mented that allows conversion of the HDR video into a
pseudo HDR video similar to an original HDR and display
on the SDR TV, by converting the HDR video while
maintaining gradation of a region exceeding 100 nit to some
extent, instead of conversion of the HDR video into the SDR
video of 100 nit or less.

[0174] In this conversion method, the conversion method
of'the “HDR to pseudo HDR conversion processing” may be
switched in accordance with the display characteristic of the
SDR TV (maximum luminance, input-output characteristic,
and display mode).

[0175] Conceivable acquisition methods of display char-
acteristic information include (1) automatic acquisition
through HDMI or a network, (2) generation by causing the
user to input information such as a manufacturer name and
model number, and (3) acquisition from a cloud, etc. using
the information such as the manufacturer name and the
model number.

[0176] Conceivable acquisition timing of the display char-
acteristic information by conversion apparatus 100 includes
(1) acquisition immediately before pseudo HDR conversion,
and (2) when connected to display apparatus 200 (such as
the SDR TV) for the first time (when the connection is
established).

[0177] In this conversion method, the conversion method
may be switched in accordance with luminance information
on the HDR video (CAL, CPL).

[0178] Examples of the conceivable acquisition method of
the luminance information on the HDR video by conversion
apparatus 100 include (1) acquisition as metadata informa-
tion appended to the HDR video, (2) acquisition by causing
the user to input title information on content, and (3)
acquisition from a cloud, etc. using input information that is
input by the user.

[0179] Details of the conversion method include (1) con-
version so that the luminance would not exceed DPL, (2)
conversion so that CPL would become DPL, (3) not chang-
ing the luminance equal to or less than CAL and vicinity
thereof, (4) conversion using a natural logarithm, and (5)
clip processing at DPL.
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[0180] In order to enhance an effect of pseudo HDR, this
conversion method may include transmitting display set-
tings such as a display mode and display parameter of the
SDR TV to display apparatus 200 for switching. For
example, a message prompting the user to make display
settings may be displayed on a screen.
[0181] In the aforementioned exemplary embodiment,
each component may be made of dedicated hardware, or
may be implemented through execution of a software pro-
gram suitable for each component. Each component may be
implemented by a program execution unit, such as a CPU or
a processor, reading and executing the software program
recorded in a recording medium such as a hard disk or a
semiconductor memory.
[0182] Although the display method and the display appa-
ratus according to one or more aspects of the present
disclosure have been described above on the basis of the
exemplary embodiment, the present disclosure is not limited
to this exemplary embodiment. The exemplary embodiment
to which various modifications conceivable by a person
skilled in the art are made, and aspects that are made by
combining elements of different exemplary embodiment
may also be within the scope of the one or more aspects of
the present disclosure as long as such aspects do not depart
from the gist of the present disclosure.
[0183] The present disclosure is useful as a display
method, a display apparatus, a playback system, and the like
that can display a video at the display setting suitable for the
HDR signal.

What is claimed is:

1. A display apparatus comprising:

an electro-optical transfer function (EOTF) converter that

receives a video signal having a first luminance range
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and performs EOTF conversion on the video signal to
obtain a first luminance value;

a luminance converter, which is provided for converting
the video signal into a pseudo High Dynamic Range
signal having a second luminance range, a maximum
value of the second luminance range being smaller than
a maximum value of the first luminance range, the
luminance converter that converts the first luminance
value into a second luminance value within the second
luminance range, the maximum value of the second
luminance range being larger than a maximum value of
a luminance of a Standard Dynamic Range (SDR)
signal, and the maximum luminance value of the SDR
signal being 100 nit; and

a display that displays the pseudo High Dynamic Range
signal having the second luminance range based on the
second luminance value,

wherein the maximum value of the second luminance
range is a maximum possible display peak luminance
(DPL) that the display is capable of displaying, and is
greater than the maximum luminance value of the SDR
signal,

wherein the luminance converter performs conversion of
the first luminance value into the second luminance
value, based on characteristic information on a char-
acteristic of the display apparatus,

wherein the luminance converter performs conversion of
the first luminance value into the second luminance
value, based on content luminance information of the
video signal, and

wherein the content luminance information is acquired as
metadata of the video signal.
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