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DISPLAY DEVICE AND DISPLAY METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of patent appli-
cation Ser. No. 14/844,144 filed Sep. 3, 2015, which is a
continuation of application Ser. No. 13/667,529 filed Nov. 2,
2012, issued as U.S. Pat. No. 9,159,273, which claims the
benefit of Japanese Patent Application No. 2011-246770
filed Nov. 10, 2011, the disclosures of which are incorpo-
rated herein by reference.

BACKGROUND

The present disclosure relates to a display device having
liquid crystal display elements and to a display method
thereof.

Recent years have seen an increasing transition from
CRTs (Cathode Ray Tubes) to slim display devices such as
liquid crystal display devices. In particular, liquid crystal
display devices are on their way to going mainstream for low
power consumption.

As for liquid crystal display devices, several technologies
have been proposed to further reduce the power consump-
tion. For example, Japanese Patent Laid-Open No. 2009-
42652 and Japanese Patent Laid-Open No. 2010-113099
disclose display devices that are designed to independently
control the emission luminance of the backlight (partially
drive the backlight) in each of a plurality of areas into which
the backlight is divided according to luminance information
of a video signal.

SUMMARY

Ecology has been attracting attention today, and liquid
crystal display devices are expected to further reduce their
power consumption.

In light of the foregoing, it is desirable to provide a
display device and display method that can contribute to
reduced power consumption.

A display device according to a first embodiment of the
present disclosure includes a liquid crystal display section,
backlight and processing section. The liquid crystal display
section displays an image based on a video signal. The
processing section corrects the video signal and sets the
luminance of the backlight based on two pieces of informa-
tion, a peak level of the video signal in a display screen or
in each of a plurality of partial display areas into which the
display screen is divided, and factor data obtained from a
data map made up of a reference position on the display
screen and the factor data that are associated with each other.

A display device according to a second embodiment of the
present disclosure includes a liquid crystal display section,
backlight and processing section. The liquid crystal display
section displays an image based on a video signal. The
processing section corrects the video signal and sets the
luminance of the backlight based on two pieces of informa-
tion, a peak level of the video signal in a display screen or
in each of a plurality of partial display areas into which the
display screen is divided, and a peak position, i.e., a position
on the display screen where the peak level occurs.

A display device according to a third embodiment of the
present disclosure includes a liquid crystal display section,
backlight and processing section. The liquid crystal display
section displays an image based on a video signal. The
backlight has a plurality of partial light-emitting sections.
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The processing section corrects the video signal and sets the
luminance of each of the partial light-emitting sections
based on two pieces of information, a peak level of the video
signal in a partial display area associated with one of the
partial light-emitting sections, and the position of that partial
display area.

A display method according to an embodiment of the
present disclosure corrects a video signal and sets the
luminance of a backlight based on two pieces of informa-
tion, a peak level of the video signal in a display screen or
in each of a plurality of partial display areas into which the
display screen is divided, and factor data obtained from a
data map made up of a position on the display screen and the
factor data that are associated with each other so as to
display an image based on the corrected video signal.

In the display device according to the first embodiment
and display method according to the embodiment of the
present disclosure, the liquid crystal display section displays
an image based on the video signal. At this time, the video
signal is corrected, and the luminance of the backlight is set,
based on the peak level and the factor data obtained from the
data map. An image is displayed based on the corrected
video signal.

In the display device according to the second embodiment
of the present disclosure, the liquid crystal display section
displays an image based on the video signal. At this time, the
video signal is corrected, and the luminance of the backlight
is set, based on the peak level and peak position. An image
1s displayed based on the corrected video signal.

In the display device according to the third embodiment
of the present disclosure, the liquid crystal display section
displays an image based on the video signal. At this time, the
video signal is corrected, and the luminance of the partial
light-emitting section associated with the partial display area
is set, based on the peak level and the position of the partial
display area. An image is displayed based on the corrected
video signal.

The display device according to the first embodiment and
display method according to the embodiment of the present
disclosure correct the video signal and set the luminance of
the backlight based on the peak level and the factor data
obtained from the data map, thus providing reduced power
consumption.

The display device according to the second embodiment
of the present disclosure corrects the video signal and sets
the luminance of the backlight based on the peak level and
peak position, thus providing reduced power consumption.

The display device according to the third embodiment of
the present disclosure corrects the video signal and sets the
luminance of the partial light-emitting section based on the
peak level and the position of the partial display area, thus
providing reduced power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration
example of a display device according to a first embodiment
of the present disclosure;

FIG. 2 is a block diagram illustrating a configuration
example of a display drive section and liquid crystal display
section shown in FIG. 1;

FIG. 3 is a circuit diagram illustrating a configuration
example of the liquid crystal display section shown in FIG.
1

FIG. 4 is an explanatory diagram illustrating a configu-
ration example of a backlight shown in FIG. 1;
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FIG. 5 is an explanatory diagram illustrating a display
screen shown in FIG. 1;

FIG. 6 is an explanatory diagram illustrating an example
of a correction data map shown in FIG. 1;

FIG. 7 is a flowchart illustrating an operation example of
a signal processing section shown in FIG. 1,

FIG. 8 is a schematic diagram illustrating an operation
example of a peak level detection portion shown in FIG. 1;

FIGS. 9A and 9B are schematic diagrams illustrating an
operation example of a peak level correction portion shown
in FIG. 1;

FIGS. 10A and 10B are schematic diagrams illustrating an
operation example of the peak level correction portion
according to a modification example of the first embodi-
ment;

FIG. 11 is an explanatory diagram illustrating a configu-
ration example of the backlight according to another modi-
fication example of the first embodiment;

FIG. 12 is an explanatory diagram illustrating the display
screen according to the another modification example of the
first embodiment;

FIG. 13 is an explanatory diagram illustrating the display
screen according to still another modification example of the
first embodiment;

FIG. 14 is a block diagram illustrating a configuration
example of the display device according to still another
modification example of the first embodiment;

FIGS. 15A and 15B are explanatory diagrams illustrating
an example of a display screen and correction data map
according to a second embodiment;

FIG. 16 is a block diagram illustrating a configuration
example of a display device according to a third embodi-
ment;

FIG. 17 is an explanatory diagram illustrating an example
of a correction data map shown in FIG. 16: and

FIG. 18 is an explanatory diagram illustrating an example
of the correction data map according to a modification
example.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A detailed description will be given below of the preferred
embodiments of the present disclosure with reference to the
accompanying drawings. It should be noted that the descrip-
tion will be given in the following order.

1. First Embodiment

2. Second Embodiment

3. Third Embodiment

1. First Embodiment
Configuration Example
Example of the Overall Configuration

FIG. 1 illustrates a configuration example of a display
device according to a first embodiment. A display device 1
is a transmissive liquid crystal display device having a
backlight. It should be noted that the display method accord-
ing to the embodiments of the present disclosure is imple-
mented by the present embodiment. Therefore, the display
method will be described together with the first embodi-
ment.

The display device 1 includes a signal processing section
10, display drive section 20, liquid crystal display section
30, backlight drive section 9 and backlight 40.
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4

The signal processing section 10 generates a video signal
Sdisp2 and sets the luminance of the backlight 40 based on
a video signal Sdisp. The signal processing section 10 will
be described in detail later.

The display drive section 20 drives the liquid crystal
display section 30 based on the video signal Sdisp2 supplied
from the signal processing section 10. The liquid crystal
display section 30 includes liquid crystal display elements
and displays an image by modulating light emitted from the
backlight 40.

FIG. 2 illustrates an example of a block diagram of the
display drive section 20 and liquid crystal display section 30.
The display drive section 20 includes a timing control
portion 21, gate driver 22 and data driver 23. The timing
control portion 21 controls the drive timings of the gate
driver 22 and data driver 23, and supplies the video signal
Sdisp2, supplied from a control section 24, to the data driver
23 as a video signal Sdisp3. The gate driver 22 selects pixels
Pix in the liquid crystal display section 30 one row at a time
in sequence under timing control of the timing control
portion 21, thus progressively scanning the pixels Pix. The
data driver 23 supplies a pixel signal based on the video
signal Sdisp3 to each of the pixels Pix of the liquid crystal
display section 30. More specifically, the data driver 23
handles digital-to-analog conversion based on the video
signal Sdisp3, thus generating a pixel signal, i.e., an analog
signal, and supplying the pixel signal to each of the pixels
Pix.

The liquid crystal display section 30 has a liquid crystal
material sealed between two transparent substrates that are
made, for example, of glass. Transparent electrodes, made,
for example, of ITO (Indium Tin Oxide) are formed in the
areas of these transparent substrates facing the liquid crystal
material, thus making up the pixels Pix together with the
liquid crystal material.

FIG. 3 illustrates an example of a circuit diagram of the
liquid crystal display section 30. The liquid crystal display
section 30 includes the plurality of pixels Pix that are
arranged in a matrix form. Each of the pixels Pix includes
three (red, green and blue) subpixels SPix. Each of the
subpixels SPix has a TFT (thin-film transistor) element Tr
and liquid crystal element LC. The TFT element Tr includes
a thin film transistor. In this example, the TFT element Tr
includes an n-channel MOS (Metal Oxide Semiconductor)
TFT. The TFT element Tr has its source connected to a data
line SGL, its gate connected to a gate line GCL and its drain
connected to one end of the liquid crystal element LC. The
liquid crystal element LC has one of its ends connected to
the drain of the TFT element Tr and the other end grounded.
The gate line GCL is connected to the gate driver 22, and the
data line SGL to the data driver 23.

The backlight 40 emits light based on a drive signal
supplied from the backlight drive section 9 and directs it to
the liquid crystal display section 30.

FIG. 4 illustrates a configuration example of the backlight
40. The backlight 40 is a so-called direct backlight having a
plurality of partial light-emitting sections 41 arranged in a
matrix form. Each of the partial light-emitting sections 41
includes an LED (Light Emitting Diode) in this example. It
should be noted that the lamp making up the partial light-
emitting section 41 is not limited to an LED. For example,
a CCFL (Cold Cathode Fluorescent Lamp) may be used
instead. The partial light-emitting sections 41 can each emit
light independently of each other at the set luminance. Light
emitted from each of the partial light-emitting sections 41
passes through the associated area (partial display area 31
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which will be described later) of the liquid crystal display
section 30 and is emitted from the display device 1.
(Signal Processing Section 10)

A detailed description will be given next of the signal
processing section 10.

The signal processing section 10 includes a peak level
detection portion 11, peak level correction portion 12, signal
correction portion 13 and luminance setting portion 14.

The peak level detection portion 11 detects a peak level
PL representing the highest luminance of all the levels of the
video signal Sdisp for each of the subpixels SPix.

FIG. 5 schematically illustrates a display screen S of the
display device 1. The display screen S is divided into the
partial display areas 31 that are arranged in a matrix form.
Each of the partial display areas 31 is associated with one of
the partial light-emitting sections 41 of the backlight 40.
That is, light emitted from each of the partial light-emitting
sections 41 passes through the associated partial display area
31. Further, each of the partial display areas 31 is divided
into a plurality of unit areas 32 (two unit areas 32 in this
case).

The peak level detection portion 11 detects the peak level
PL of the video signal Sdisp for each of the partial display
areas 31. The peak level PL is normalized so that the
minimum signal level is “0,” and the maximum signal level
is “1.” Here, the term “minimum signal level” refers to the
level of the video signal Sdisp that provides the minimum
luminous transmittance (so-called black level) of the liquid
crystal element LC, and the term “maximum signal level” to
the level of the video signal Sdisp that provides the maxi-
mum luminous transmittance (so-called white level) of the
liquid crystal element L.C. Then, the peak level detection
portion 11 supplies, to the peak level correction portion 12,
the position of the unit area 32, i.e., one of the two unit areas
32 belonging to that partial display area 31, where the peak
level PL has been detected, together with the detected peak
level PL for each of the partial display areas 31.

The peak level correction portion 12 corrects the peak
level PL based on the peak level PL and a peak position PP
supplied from the peak level detection portion 11, thus
generating a peak level PL2. The peak level correction
portion 12 has a correction data map MAP as illustrated in
FIG. 1 and corrects the peak level PL using the correction
data map MAP.

FIG. 6 illustrates an example of the correction data map
MAP. The correction data map MAP represents a map of
correction data DT in the display screen S. The correction
data DT is set for each of the unit areas 32.

In this example, three areas RA to RC are provided in the
correction data map MAP. The areas RA to RC have
different values as the correction data DT. The area RA is
provided at and near the center of the display screen S. The
area RB is provided to surround the area RA. The area RC
is provided on the outside of the area RB. The correction
data DT 1s set to “1.0” in the area RA, to “0.9” in the area
RB, and to “0.8” in the area RC.

The peak level correction portion 12 corrects the peak
level PL using the correction data map MAP based on the
peak level PL and peak position PP for each of the partial
display areas 31 supplied from the peak level detection
portion 11. More specifically, the peak level correction
portion 12 acquires the correction data DT in the unit area
32 indicated by the peak position PP using the correction
data map MAP first as will be described later. Then, the peak
level correction portion 12 multiplies the correction data DT
by the peak level PL in the partial display area 31 including
that unit area 32, thus correcting the peak level PL and
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generating the peak level PL2. Then, the peak level correc-
tion portion 12 finds a gain factor G1 using a function F1
based on the peak level PL2, thus supplying the gain factor
G1 to the signal correction portion 13. Here, the function F1
increases the gain factor G1 as the peak level PL.2 decreases.
Similarly, the peak level correction portion 12 finds a
luminance factor G2 using a function F2 based on the peak
level PL2. Here, the function F2 increases the luminance
factor G2 as the peak level PL2 increases. It should be noted
that although the functions F1 and F2 are used in this
example, the present disclosure is not limited to these
functions. Instead, a LUT (Look Up Table), for example,
may be used.

The signal correction portion 13 corrects the level of the
video signal Sdisp for each of the partial display areas 31
based on the gain factor G1 of the partial display areas 31,
thus outputting it as the video signal Sdisp2. More specifi-
cally, the signal correction portion 13 multiplies the level of
the video signal Sdisp by the gain factor G1 for each of the
partial display areas 31, thus correcting the level of the video
signal Sdisp as will be described later.

The luminance setting portion 14 sets the luminance of
each of the partial light-emitting sections 41 of the backlight
40 based on the luminance factor G2 of each of the partial
display areas 31. More specifically, the luminance setting
portion 14 sets the partial light-emitting section 41 associ-
ated with the partial display area 31 to a luminance propor-
tional to the luminance factor G2 as will be described later.

Here, the correction data map MAP corresponds to a
specific example of a “data map” in the present disclosure,
and the correction data DT to a specific example of “factor
data.” The signal processing section 10 corresponds to a
specific example of a “processing section” in the present
disclosure. The areas RA to RC correspond to specific
examples of “factor data areas” in the present disclosure, and
the area RA to a specific example of a “specific factor data
area.”

[Operation and Action]

A description will be given next of the operation and
action of the display device 1 according to the present
embodiment.

(Outline of the Overall Operation)

First, the overall operation of the display device 1 will be
outlined with reference to FIG. 1. The signal processing
section 10 generates the video signal Sdisp2 and sets the
luminance of each of the partial light-emitting sections 41 of
the backlight 40 based on the video signal Sdisp. More
specifically, the peak level detection portion 11 detects the
peak level PL and peak position PP of the video signal Sdisp
for each of the partial display areas 31. The peak level
correction portion 12 generates the peak level PL2 by
correcting the peak level PL using the correction data map
MAP based on the peak level PL and peak position PP, thus
finding the gain factor G1 and luminance factor G2 based on
the peak level PL2. The signal correction portion 13 corrects
the video signal Sdisp for each of the partial display areas 31
based on the gain factor G1, thus generating the video signal
Sdisp2. The luminance setting portion 14 sets the luminance
of each of the partial light-emitting sections 41 of the
backlight 40 based on the luminance factor G2.

The display drive section 20 drives the liquid crystal
display section 30. The liquid crystal display section 30
displays an image by modulating light emitted from the
backlight 40. The backlight drive section 9 drives the
backlight 40. Each of the partial light-emitting sections 41 of
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the backlight 40 emits light based on a drive signal supplied
from the backlight drive section 9 and directs it to the liquid
crystal display section 30.

(Operation of the Signal Processing Section 10)

A detailed description will be given next of the operation
of the signal processing section 10.

FIG. 7 illustrates an operation example of the signal
processing section 10. The signal processing section 10
detects the peak level PL of the supplied video signal Sdisp
for each of the partial display areas 31 first, and then
generates the peak level PL2 by correcting the peak level PL
using the correction data map MAP. thus finding the gain
factor G1 and luminance factor G2 based on the peak level
PL2. Then, the signal processing section 10 corrects the
video signal Sdisp based on the gain factor G1 and sets the
luminance of the partial light-emitting section 41 associated
with that partial display area 31 based on the luminance
factor G2. A detailed description thereof will be given below.

First, the peak level detection portion 11 of the signal
processing section 10 detects the peak level PL and peak
position PP of the video signal Sdisp for each of the partial
display areas 31 (step S1).

FIG. 8 schematically illustrates examples of normalized
signal levels LA1 to LA6 of the video signal Sdisp in unit
areas Al to A6 shown in FIG. 5. In the curves with signal
levels LA1 to LA6, the horizontal axis represents all the
subpixels SPix respectively belonging to the unit areas Al to
A6. That is, the curves having the signal levels LA1 to LA6
represent the signal levels of all the subpixels SPix belong-
ing to the unit areas Al to A6, respectively.

In the example shown in FIG. 8, the maximum value of
the signal levels LAl and LA2 is, for example, 0.5 (peak
level PL) in the partial display area 31 that includes the umt
areas Al and A2. The unit area 32 having this maximum
value is the unit area A1 (peak position PP).

On the other hand, the maximum value of the signal levels
LA3 and LA4 is, for example, 0.5 (peak level PL) in the
partial display area 31 that includes the unit areas A3 and A4.
The unit area 32 having this maximum value is the unit area
A4 (peak position PP).

Similarly, the maximum value of the signal levels LAS
and LAG6 is, for example, 0.5 (peak level PL) in the partial
display area 31 that includes the unit areas A5 and A6. The
unit area 32 having this maximum value is the unit area A6
(peak position PP).

The peak level detection portion 11 detects the peak level
PL and peak position PP in all the partial display areas 31 as
described above. It should be noted that the peak levels PL
are all 0.5 as shown above for reasons of convenience in this
example. However, the present disclosure is not limited
thereto. Instead, the peak levels may take on any value
between 0 and 1.

Next, the peak level correction portion 12 of the signal
processing section 10 corrects the peak level PL detected by
the peak level detection portion 11 (step S2). More specifi-
cally, the peak level correction portion 12 acquires the
correction data DT in the unit area 32 indicated by the peak
position PP using the correction data map MAP first. Then,
the peak level correction portion 12 multiplies the correction
data DT by the peak level PL in the partial display area 31,
thus correcting the peak level PL and generating the peak
level PL2.

In the partial display area 31 that includes the unit areas
Al and A2, for example, the peak position PP is the unit area
Al. Therefore, the peak level correction portion 12 acquires
the correction data DT (1.0) in this unit area A1 by using the
correction data map MAP (FIG. 6). That is, the peak position
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PP (unit area A1) in the partial display area 31 belongs to the
area RA. Then, the peak level correction portion 12 multi-
plies the correction data DT by the peak level PL (0.5), thus
generating the peak level PL2 (0.5=1.0x0.5).

In the partial display area 31 that includes the unit areas
A3 and A4, on the other hand, the peak level correction
portion 12 acquires the correction data DT (0.9) in the peak
position PP (unit arca A4). That is, the peak position PP (unit
area Ad) in this partial display area 31 belongs to the area
RB. Then, the peak level correction portion 12 generates the
peak level PL2 (0.45=0.9x0.5) based on this correction data
DT and peak level PL (0.5).

Similarly, in the partial display area 31 that includes the
unit areas A5 and A6, the peak level correction portion 12
acquires the correction data DT (0.8) in the peak position PP
(unit area A6). That is, the peak position PP (unit area A6)
in this partial display area 31 belongs to the area RC. Then,
the peak level correction portion 12 generates the peak level
PL2 (0.4=0.8x0.5) based on this correction data DT and
peak level PL (0.5).

The peak level correction portion 12 corrects the peak
level PL in all the partial display areas 31 as described
above, thus generating the peak level PL2.

Next, the signal processing section 10 corrects the level of
the video signal Sdisp and sets the luminance of each of the
partial light-emitting sections 41 of the backlight 40 (step
S3).

FIGS. 9A and 9B illustrate an example of the process
performed in step S3 if the signal levels are as shown in FIG.
8. FIG. 9A illustrates the correction of the level of the video
signal Sdisp, and FIG. 9B the setting of the luminance of the
partial light-emitting sections 41.

The peak level correction portion 12 of the signal pro-
cessing section 10 finds the gain factor G1 using the function
F1 based on the peak level PL2 and also finds the luminance
factor G2 using the function F2 for each of the partial
display areas 31. Then, the signal correction portion 13 of
the signal processing section 10 multiplies the level of the
video signal Sdisp by the gain factor G1 for each of the
partial display areas 31 as illustrated in FIG. 9A, thus
correcting the level of the video signal Sdisp. Further, the
luminance setting portion 14 of the signal processing section
10 sets the partial light-emitting sections 41, each associated
with one of the partial display areas 31, to a luminance
proportional to the luminance factor G2 as illustrated in FIG.
9B.

In the partial display area 31 that includes the unit areas
Al and A2, for example, the signal correction portion 13
multiplies the level of the video signal Sdisp by the gain
factor G1 associated with the peak level PL2 (0.5) (FIG.
9A). Further, the luminance setting portion 14 sets the
associated partial light-emitting section 41 to a luminance
proportional to the luminance factor G2 associated with the
peak level PL2 (0.5) (FIG. 9B).

In the partial display area 31 that includes the unit areas
A3 and A4, on the other hand, the signal correction portion
13 multiplies the level of the video signal Sdisp by the gain
factor G1 associated with the peak level PL2 (0.45) (FIG.
9A). Further, the luminance setting portion 14 sets the
associated partial light-emitting section 41 to a luminance
proportional to the luminance factor G2 associated with the
peak level PL2 (0.45) (FIG. 9B). The peak level PL2 (0.45)
in the unit areas A3 and A4 is smaller than that (0.5) in the
unit areas Al and A2. Therefore, the gain factor G1 in the
unit areas A3 and A4 is greater than that in the unit areas Al
and A2, and the luminance factor G2 in the unit areas A3 and
A4 is smaller than that in the unit areas Al and A2.
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Similarly, in the partial display area 31 that includes the
unit areas AS and A6, for example, the signal correction
portion 13 multiplies the level of the video signal Sdisp by
the gain factor G1 associated with the peak level PL2 (0.4)
(FIG. 9A). Further, the luminance setting portion 14 sets the
associated partial light-emitting section 41 to a luminance
proportional to the luminance factor G2 associated with the
peak level PL2 (0.4) (FIG. 9B). The peak level PL2 (0.4) in
the unit areas A5 and A6 is smaller than that (0.45) in the
unit areas A3 and A4. Therefore, the gain factor G1 in the
unit areas A5 and A6 is greater than that in the unit areas A3
and A4, and the luminance factor G2 in the unit areas A5 and
A6 is smaller than that in the unit areas A3 and Ad.

The signal processing section 10 corrects the level of the
video signal Sdisp in all the partial display areas 31 and sets
the luminance of each of all the partial light-emitting sec-
tions 41 as described above.

This ends the flow. The signal processing section 10
processes each frame image supplied via the video signal
Sdisp as described above.

Thus, the luminance of the associated partial light-emit-
ting section 41 is set according to the level of the video
signal Sdisp for each of the partial display areas 31 in the
display device 1. As a result, the lower the level of the video
signal Sdisp (peak level PL), the more the luminance of the
partial light-emitting section 41 can be reduced. thus con-
tributing to reduced power consumption of the backlight 40.

A description will be given next of the action of the
correction data map MAP. The correction data map MAP has
the three areas RA to RC provided therein that differ in the
correction data DT from each other.

In the partial display area 31 whose peak position PP is
detected in the area RA, the correction data DT is 1.0.
Therefore, the luminance of the associated partial light-
emitting section 41 can be reduced without degrading the
image quality. That is, in the partial display area 31 that
includes the unit areas A1 and A2 (on the left in FIGS. 8, 9A
and 9B), for example, the signal levels are multiplied by the
gain factor G1 for correction, and the luminance of the
partial light-emitting sections 41 is set to be proportional to
the luminance factor G2. At this time, the corrected signal
levels do not exceed the so-called white level (FIG. 9A).
This prevents the degradation of the image quality, thus
contributing to reduced power consumption without degrad-
ing the image quality.

In the partial display area 31 whose peak position PP is
detected in the area RB, the correction data DT is 0.9.
Therefore, the luminance of the associated partial light-
emitting section 41 can be further reduced although the
image quality declines to a small extent. That is, in this
partial display area 31, the corrected signal level for some of
the subpixels SPix exceeds the white level and is saturated
(portion W1 in FIG. 9A). In this case, the luminance of the
subpixel SPix is lower than the desired one and not suffi-
cient. Further, if, for example, the signal level of only the
subpixel SPix of a certain color is saturated, a so-called color
shift occurs. If the corrected signal level is saturated as
described above, the image quality may degrade due to
insufficient luminance or color shift. However, the area RB
is provided to surround the area RA that is provided at and
near the center of the display screen S (FIG. 6). Therefore,
it is unlikely that the area RB will attract more attention of
the viewer than the area RA. Therefore, even if a color shift
or other problem occurs in the partial display areas 31 of the
area RB, it is unlikely that the viewer will perceive the
degradation of image quality. On the other hand, the lumi-
nance of the partial light-emitting sections 41 of the area RB
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can be reduced more than that of the partial light-emitting
sections 41 of the area RA (FIG. 9B), thus contributing to
reduced power consumption.

Similarly, in the partial display area 31 whose peak
position PP is detected in the area RC, the correction data
DT is 0.8. Therefore, the luminance of the associated partial
light-emitting section 41 can be reduced more than that of
the partial display area 31 of the area RA although the image
quality declines to a small extent, thus contributing to
reduced power consumption.

As described above, the display device 1 has the correc-
tion data map MAP that permits adjustment of the extent to
which power consumption is reduced for each of the areas
RAto RC. That is, in the area RA that is provided at and near
the center of the display screen S and that is most likely to
attract the attention of the viewer, the power consumption is
reduced without degrading the image quality. In the areas
RB and RC that are provided to surround the area RA and
that are less likely to attract the attention of the viewer, the
power consumption is further reduced at the somewhat
expense of image quality. As a result, the display device 1
provides reduced power consumption in an effective manner
while at the same time minimizing the likelihood of the
viewer perceiving the degradation of image quality.
[Effect]

As described above, a correction data map is provided in
the present embodiment, thus permitting adjustment of the
extent of power consumption for each partial display area
and providing a high degree of freedom in power control.

Each of the partial display areas is divided into a plurality
of unit areas in the present embodiment so that a different
piece of correction data can be set for each of the unit areas.
This makes it possible to set the shapes of the areas RA to
RC with more freedom without being limited by the size of
the partial display area or partial light-emitting section.

Further, in the present embodiment, the farther away from
the center of the display screen, the higher the extent to
which the power consumption is reduced. This provides
reduced power consumption in an effective manner while at
the same time minimizing the likelihood of the viewer
perceiving the degradation of image quality.

Modification Example 1-1

In the above example, the correction data DT was set to
1, 0.9 and 0.8 respectively in the areas RA to RC. However,
the values of the correction data DT are not limited thereto.
Alternatively, the correction data DT may be set to values
with smaller differences between them such as 1, 0.95 and
0.9. Still alternatively, the correction data DT may be set to
values with varying differences between them such as 1, 0.9
and 0.85.

Further, the correction data DT in the area RA is not
limited to 1. Alternatively, the correction data DT may be,
for example, set to 1.1, 1 and 0.9. FIGS. 10A and 10B
illustrate an example of the process performed in this case by
the signal processing section 10 in step S3. As is obvious by
comparison with the above embodiment (FIGS. 9A and 9B),
the present modification example (FIGS. 10A and 10B)
provides slightly reduced corrected signal levels and slightly
higher luminance of the partial light-emitting section 41.
More specifically, in the partial display area 31 of the area
RA (on the left in FIG. 10A), there is a margin between the
maximum value of the corrected signal level and the white
level (portion W2). Further, although part of the corrected
signal level exceeds the white level (portion W3) in the
partial display area 31 of the area RA (on the right in FIG.
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10A), the excess beyond the white level is smaller than that
in the above embodiment (FIGS. 9A and 9B). That is, the
present modification example provides improved image
quality as compared to the above embodiment.

Further, although the three areas RA to RC are provided
in the above embodiment, the present disclosure is not
limited thereto. Alternatively, two areas may be provided.
Still alternatively, four or more areas may be provided.

Modification Example 1-2

In the above embodiment, the direct backlight 40 is used.
However, the present disclosure is not limited thereto.
Instead, an edge-light backlight, for example, may be used.
A description will be given below of a display device 1B
having an edge-light backlight 40B.

FIG. 11 illustrates a configuration example of the edge-
light backlight 40B. The backlight 40B has a plurality of
(four in this example) light sources 49 on the top and bottom
sides of the display screen S. Light emitted from each of
these light sources 49 is guided onto the entire surface of an
associated partial light-emitting section 43 by a light guide
plate and emitted to the liquid crystal display section 30.

FIG. 12 schematically illustrates the display screen S of
the display device 1B. The display screen S is divided into
a plurality of partial display areas 33 each of which is
associated with one of the partial light-emitting sections 43
(FIG. 11) of the backlight 40B. Further, each of the partial
display areas 33 is divided into the plurality of unit areas 32
(16 unit areas 32 in this case).

In this case, the same advantageous effect as with the
display device 1 according to the above embodiment can be
achieved by using, for example, the correction data map
MAP shown in FIG. 6.

Modification Example 1-3

In the above embodiment, the backlight 40 having the
plurality of partial light-emitting sections 41 is used. How-
ever, the present disclosure is not limited thereto. Instead, a
backlight including a single light-emitting section may be
used. In this case, the display screen S is divided into the
plurality of unit areas 32 as illustrated in FIG. 13. Even in
this case, the same advantageous effect as with the display
device 1 according to the above embodiment can be
achieved by using, for example, the correction data map
MAP shown in FIG. 6.

Modification Example 1-4

In the above embodiment, the correction data map MAP
is fixed. However, the present disclosure is not limited
thereto. Instead, the correction data map MAP may be
prepared in such a manner as to be changed according to the
operation mode. For example, if the display device 1 is
applied to a television receiver, the correction data DT may
be set to 1, 0.9 and 0.8 respectively in the areas RA to RC
in so-called home use mode, and to 1 in all the areas RA to
RC in image quality priority mode. Further, not only the
correction data DT but also the layout of the areas RAto RC
in the display screen S and the number thereof may be
changed.

Still further, the correction data map may be prepared in
such a manner as to be changed according to the video
source content. A description will be given below of a
display device 1F according to the present modification
example.
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FIG. 14 illustrates a configuration example of the display
device 1F. The display device 1F includes a signal process-
ing section 10F. The signal processing section 10F includes
a content detection portion 15 and peak level correction
portion 12F. The content detection portion 15 detects content
based on content information (e.g., information representing
genres such as sports, news, cinemas and animations). The
peak level correction portion 12F can change the correction
data map MAP based on the detection result of the content
detection portion 15. More specifically, the peak level cor-
rection portion 12F selects the correction data map MAP
suitable for the content from among the plurality of preset
correction data maps MAP. The correction data map MAP
used to display a sport program may be, for example, as
shown in FIG. 6. Further, the correction data map MAP used
to display a cinema program may be, for example, that in
which the correction data DT is set to 1 for all the areas RA
to RC. It should be noted that the content detection portion
15 detects content based on content information contained in
the video signal Sdisp. However, the present disclosure is
not limited thereto. Instead, content may be detected, for
example, based on an EPG (Electronic Program Guide).

2. Second Embodiment

A description will be given next of a display device 2
according to a second embodiment. In the present embodi-
ment, each of the partial display areas 31 is not divided into
the plurality of unit areas 32 so that each partial display area
is associated one-to-one with a unit area. It should be noted
that the components that are substantially the same as those
of the display device 1 according to the first embodiment are
denoted by the same reference symbols, and that the descrip-
tion thereof will be omitted as appropriate.

The display device 2 according to the present embodiment
includes a signal processing section 60 as illustrated in FIG.
1. The signal processing section 60 includes a peak level
detection portion 61 and peak level correction portion 62.

FIG. 15A schematically illustrates the display screen S of
the display device 2, and FIG. 15B an example of the
correction data map MAP. The display screen S of the
display device 2 is divided into partial display areas 34 that
are arranged in a matrix form as illustrated in FIG. 15A.
Each of the partial display areas 34 is associated with one of
the partial light-emitting sections 41 of the backlight 40.
Unlike the display device 1 according to the first embodi-
ment, each of the partial display areas 34 is not divided into
a plurality of unit areas. Therefore, each of the partial
display areas 34 is associated one-to-one with a unit area.
The correction data DT is set for each of the unit areas 32.
Further, in the correction data map MAP according to the
display device 2, the correction data DT is set for each of the
partial display areas (unit areas) 34 as illustrated in FIG.
15B.

The peak level detection portion 61 detects the peak level
PL of the video signal Sdisp for each of the partial display
areas 34, supplying the detection result to the peak level
correction portion 62 together with a position PR of the
partial display area 34. That is, unlike the peak level
detection portion 11 according to the first embodiment, the
peak level detection portion 61 supplies the position PR of
the partial display area 34 rather than the peak position PP
to the peak level correction portion 62.

The peak level correction portion 62 corrects the peak
level PL using the correction data map MAP based on the
peak level PL and position PR for each of the partial display
areas 34 supplied from the peak level detection portion 61.
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More specifically, the peak level correction portion 62
acquires the correction data DT in the partial display area
(unit area) 34 indicated by the position PR first using the
correction data map MAP. Then, the peak level correction
portion 62 multiplies the correction data DT by the peak
level PL in the partial display area 31 including that unit area
32, thus correcting the peak level PL and generating the peak
level PL2. Then, the peak level correction portion 62 finds
the gain factor G1 using the function F1 based on the peak
level PL2 and also finds the luminance factor G2 using the
function F2.

As described above, in the present embodiment, each of
the partial display areas is associated one-to-one with a unit
area. Therefore, even if a piece of hardware having poor
arithmetic capability is used as the signal processing section,
it is possible to provide a high degree of freedom in power
control. Other advantageous effects of the present embodi-
ment are the same as those of the first embodiment.

Modification Example 2-1

Any of modification examples 1-1, 1-2 and 1-4 of the first
embodiment may be applied to the display device 2 accord-
ing to the present embodiment.

3. Third Embodiment

A description will be given next of a display device 3
according to a third embodiment. In the present embodi-
ment, the correction data map MAP can be dynamically
changed based on the video signal Sdisp in the display
device 1 according to the first embodiment. It should be
noted that the components that are substantially the same as
those of the display device 1 according to the first embodi-
ment are denoted by the same reference symbols, and that
the description thereof will be omitted as appropriate.

FIG. 16 illustrates a configuration example of the display
device 3 according to the present embodiment. The display
device 3 includes a signal processing section 50. The signal
processing section 50 includes a face detection portion 51,
correction data map generation portion 53 and peak level
correction portion 52.

The face detection portion 51 detects a human face to be
displayed on the display screen S and finds the position and
size of the face in the display screen S based on the video
signal Sdisp, thus supplying these pieces of information
(face detection information IF) to the correction data map
generation portion 53. The correction data map generation
portion 53 generates the correction data map MAP based on
the face detection information IF. The peak level correction
portion 52 corrects the peak level PL detected by the peak
level detection portion 11 using the correction data map
MAP supplied from the correction data map generation
portion 53, thus generating the peak level PL2 and finding
the gain factor G1 and luminance factor G2 based on the
peak level PL2.

FIG. 17 illustrates an example of the correction data map
MAP according to the present embodiment. The correction
data map generation portion 53 generates the correction data
map MAP based on the face detection information IF. More
specifically, the correction data map generation portion 53
sets the area associated with the detected face as the area
RA, sets the area RB in such a manner as to surround the
area RA and sets the area other than the areas RA and RB as
the area RC, thus generating the correction data map MAP.

The correction data DT is set to “1.0” in the area RA, to
“0.9” in the area RB, and to “0.8” in the area RC as in the
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first embodiment. That is, the power consumption of the
partial display areas 31 of the area RA can be reduced
without degrading the image quality. On the other hand, the
power consumption of the partial display areas 31 of the
areas RB and RC can be further reduced at the somewhat
expense of image quality.

As described above, the display device 3 detects a human
face to be displayed on the display screen S based on the
video signal Sdisp, thus setting the area associated with the
detected face as the area RA. That is, if the viewer watches,
for example, a drama, it is generally likely that the face of
the displayed person will attract the attention of the viewer.
Further, it is more likely that a color shift, for example, will
appear unnatural to the viewer when the face of a person is
displayed than when an object is displayed. Therefore, the
display device 3 detects a human face and sets the display
area thereof as the area RA, thus making it possible to
display the face without degrading the image quality.

Further, the display device 3 sets the areas RB and RC in
such a manner as to surround the face display area. That is,
it is likely that the human face will attract the attention of the
viewer as described above, and it is unlikely that the areas
other than the face will attract the attention of the viewer.
Therefore, it is unlikely that the viewer will perceive the
degradation of image quality even in the event of a color
shift in any of the areas other than the face. Therefore, the
display device 3 sets the areas other than the face display
area as the areas RB and RC, providing reduced power
consumption in an effective manner while at the same time
minimizing the likelihood of the viewer perceiving the
degradation of image quality.

As described above, in the present embodiment, a cor-
rection data map is dynamically generated based on a video
signal, thus providing a high degree of freedom in power
control according to the display content.

Further, the face detection section is provided in the
present embodiment so that the area showing a face is
displayed with high image quality, and that the power
consumption of other areas is reduced, thus providing
reduced power consumption in an effective manner while at
the same time minimizing the likelihood of the viewer
perceiving the degradation of image quality.

Other advantageous effects of the present embodiment are
the same as those of the first embodiment.

Modification Example 3-1

A human face to be displayed on the display screen S is
detected in the above embodiment. However, the present
disclosure is not limited thereto. Instead or in addition
thereto, subtitles and telops, for example, may be detected.
This makes it possible to display subtitles and telops, i.e.,
information that is likely to attract the attention of the
viewer, without degrading the image quality.

Modification Example 3-2

In the above embodiment, what is likely to attract the
attention of the viewer is detected, and the display area
thereof is set as the area RA. However, the present disclosure
is not limited thereto. Instead, what is unlikely to attract the
attention of the viewer may be detected so that the display
area thereof is set as the area RC. More specifically, if the
display device 3 is used, for example, for a TV conference
system, the display area of one’s own face can be set as the
area RC. This makes it possible to display the area showing
the face of the party on the other end with high image quality
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and reduce the power consumption of the area showing
one’s own face at the expense of image quality.

Modification Example 3-3

Any of modification examples 1-1 to 1-4 of the first
embodiment may be applied to the display device 3 accord-
ing to the present embodiment.

Modification Example 3-4

In the above embodiment, the correction data map MAP
can be dynamically changed in the display device 1 accord-
ing to the first embodiment. However, the present disclosure
is not limited thereto. The correction data map MAP can be
dynamically changed in the display device 2 according to
the second embodiment.

Thus, the present technology has been described by citing
several embodiments and modification examples. However,
the present technology is not limited to these embodiments
and may be modified in various ways.

In the third embodiment, for example, the position of the
detected face is set as the area RA, and the areas RB and RC
are set in such a manner as to surround the face display area.
However, the present disclosure is not limited thereto. For
example, the area in which a face is detected may also be set
as the area RA in the correction data map MAP (for example,
FIG. 6) according to the first and second embodiments as
illustrated in FIG. 18. As a result, the display device 3
operates in the same manner as the display devices 1 and 2
according to the first and second embodiments if no face is
displayed on the display screen S. On the other hand, if a
face is displayed on the display screen S, the power con-
sumption of the area showing the face can be reduced in an
effective manner without degrading the image quality.

It should be noted that the present technology may have
the following configurations.

(1) A display device including:

a liquid crystal display section adapted to display an

image based on a video signal,

a backlight; and

a processing section adapted to correct the video signal
and set the luminance of the backlight based on two
pieces of information, a peak level of the video
signal in a display screen or in each of a plurality of
partial display areas into which the display screen is
divided, and factor data obtained from a data map
made up of a reference position on the display screen
and the factor data that are associated with each
other.

(2) The display device of feature (1), in which

the peak level is a peak level of an image to be displayed

in each of the partial display areas, and

the processing section uses the data map to set a
position on the display screen where the peak level
occurs in each of the partial display areas as the
reference position so as to acquire factor data asso-
ciated with the reference position.

(3) The display device of feature (1), in which

the peak level is a peak level of an image to be displayed

in each of the partial display areas, and

the processing section uses the data map to set a
position on the display screen in each of the partial
display areas as the reference position so as to
acquire factor data associated with the reference
position.
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(4) The display device of feature (2) or (3), in which
the backlight has a plurality of partial light-emitting
sections each of which is associated with one of the
partial display areas, and
the processing section corrects the video signal for each
of the partial display areas and sets the luminance of
the associated partial light-emitting section based on
the peak level and factor data.
(5) The display device of feature (1), in which
the peak level is a peak level of an image to be displayed
on the display screen, and
the processing section uses the data map to set a
position on the display screen where the peak level
occurs as the reference position so as to acquire
factor data associated with the reference position.
(6) The display device of any one of features (1) to (5), in
which
the data map is divided into a plurality of factor data areas
that differ in the factor data from each other.
(7) The display device of feature (6), in which
if the reference position belongs to a specific factor data
area of the plurality of factor data areas, the processing
section corrects the video signal so that the luminance
of the backlight is set to a higher level and the trans-
mittance of the liquid crystal display section is set to a
lower level than if the reference position belongs to
other factor data area.
(8) The display device of feature (7), in which
the specific factor data area is provided at and near the
center of the display screen.
(9) The display device of feature (7) including:
an image recognition section adapted to identify a prede-
termined image in the image to be displayed based on
the video signal.
(10) The display device of feature (9), in which
the specific factor data area is an area where the prede-
termined image has been identified.
(11) The display device of feature (9), in which
the specific factor data area includes an area associated
with the center and near the center of the display screen
and the area where the predetermined image has been
identified.
(12) The display device of any one of features (9) to (11),
in which
the predetermined image is a face image.
(13) The display device of any one of features (9) to (12),
in which
the predetermined image is an image of a portion of a
displayed image that attracts much attention of a
viewer.
(14) The display device of any one of features (7) to (13)
including;
a data map generation section adapted to generate a data
map containing the specific factor data.
(15) The display device of any one of features (1) to (14),
in which
the display device has a plurality of operation modes, and
the processing section determines which data map to
refer to according to the operation mode.
(16) The display device of any one of features (1) to (15),
in which
the processing section determines which data map to refer
to according to content to be displayed.
(17) A display device including:
a liquid crystal display section adapted to display an
image based on a video signal;
a backlight; and
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a processing section adapted to correct the video signal
and set the luminance of the backlight based on two
pieces of information, a peak level of the video
signal in a display screen or in each of a plurality of
partial display areas into which the display screen is
divided, and a peak position, i.e., a position on the
display screen where the peak level occurs.

(18) A display device including:
a liquid crystal display section adapted to display an
image based on a video signal,

a backlight having a plurality of partial light-emitting
sections; and

a processing section adapted to correct the video signal
and set the luminance of each of the partial light-
emitting sections based on two pieces of informa-
tion, a peak level of the video signal in a partial
display area associated with one of the partial light-
emitting sections, and a position of that partial dis-
play area.

(19) A display method including:

correcting a video signal and setting the luminance of a
backlight based on two pieces of information, a peak
level of the video signal in a display screen or in each
of a plurality of partial display areas into which the
display screen is divided, and factor data obtained from

a data map made up of a position on the display screen

and the factor data that are associated with each other

so as to display an image based on the corrected video
signal.

What is claimed is:

1. A display device comprising:

a liquid crystal display section to display an image based
on a video signal on a display screen;

a backlight; and

a processing section to correct the video signal and set
luminance of the backlight based on two pieces of
information, a peak level of the video signal in each of
a plurality of partial display areas into which the
display screen is divided, and factor data obtained from
a data map made up of a respective reference position
of said each partial display area on the display screen
and the factor data that are associated with each other,

the backlight having a plurality of partial light-emitting
sections each having a respective light source so to
enable each said partial light-emitting section to emit
light independently of each other,

each said partial light-emitting section being respectively
associated with one of the partial display areas, and

the processing section being configured to (i) obtain the
respective peak level for said each partial display area,
(ii) calculate a corrected peak level for said each partial
display area by use of the respective peak level for said
each partial display area and respective factor data
which is associated with the respective reference posi-
tion of the respective partial display area, and (iii) set
for each of the partial light-emitting sections a lumi-
nance level according to the corrected peak level of the
partial display area corresponding to the partial light-
emitting section,

wherein the processing section is configured to determine
changes for the data map according to at least one of (i)
an operation mode of a plurality of operation modes of
the display device or (ii) content to be displayed.

2. The display device of claim 1, wherein

the peak level is a peak level of an image to be displayed
in each of the partial display areas.
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3. The display device of claim 2, wherein

the data map is divided into a plurality of factor data areas
that differ in the factor data from each other.

4. The display device of claim 2 further comprising:

an image recognition section to identify a predetermined
image in the image to be displayed based on the video
signal.

5. The display device of claim 4, wherein

the predetermined image is a face image.

6. The display device of claim 4, wherein

the predetermined image is an image of a portion of a
displayed image that is likely to attract attention of a
viewer.

7. The display device of claim 3 further comprising:

a data map generation section to generate the data map
containing the factor data.

8. A display device comprising:

a liquid crystal display section to display an image based
on a video signal on a display screen;

a backlight; and

a processing section to correct the video signal and set the
luminance of the backlight based on two pieces of
information, a peak level of the video signal in each of
a plurality of partial display areas into which the
display screen is divided, and a respective reference
position of said each partial display area on the display
screen,

the backlight having a plurality of partial light-emitting
sections each having a respective light source so to
enable each partial light-emitting section to emit light
independently of each other,

each said partial light-emitting section being respectively
associated with one of the partial display areas, and

the processing section being configured to (i) obtain the
respective peak level for said each partial display area,
(i1) calculate a corrected peak level for said each partial
display area by use of the respective peak level for said
each partial display area and respective factor data
which is associated with the respective reference posi-
tion of the respective partial display area, and (iii) set
for each of the partial light-emitting sections a lumi-
nance level according to the corrected peak level of the
partial display area corresponding to the partial light-
emitting section,

wherein the processing section is configured to determine
changes for the respective factor data according to at
least one of (i) an operation mode of a plurality of
operation modes of the display device or (ii) content to
be displayed.

9. A display method comprising:

correcting a video signal and setting luminance of a
backlight based on two pieces of information, a peak
level of the video signal in each of a plurality of partial
display areas into which a display screen is divided, and
factor data obtained from a data map made up of a
respective reference position of said each partial dis-
play area on a display screen and the factor data that are
associated with each other so as to display an image
based on the corrected video signal,

the backlight having a plurality of partial light-emitting
sections each having a respective light source so to
enable each partial light-emitting section to emit light
independently of each other,

each said partial light-emitting section being respectively
associated with one of the partial display areas, and

a corrected peak level for said each partial display area
being calculated by use of the respective peak level for
said each partial display area and respective factor data
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which is associated with the respective reference posi-
tion of the respective partial display area, and for each
of the partial light-emitting sections a luminance level
is set according to the corrected peak level of the partial
display area corresponding to the partial light-emitting
section,

determining changes for the data map according to at least
one of (i) an operation mode of a plurality of operation
modes of the display device or (ii) content to be
displayed.
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