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(57) ABSTRACT

An objective of the present invention is to provide an image
display device that performs area active drive and that can
suppress the occurrence of flicker upon displaying a moving
image. An APL calculating unit (16) obtains, based on an
input image (31), an average luminance level of the image for
one frame. A luminance range determining unit (151) deter-
mines an upper limit value and a lower limit value of lumi-
nances of LEDs, based on the average luminance level. An
area active drive processing unit (15) obtains, based on the
input image (31), liquid crystal data (32) used to drive a liquid
crystal panel (11) and LED data (33) used to drive a backlight
(13). When the LED data (33) is obtained, the input image
(31) is divided into a plurality of areas and a luminance of
LEDs corresponding to each area is obtained within a range
between the upper limit value and the lower limit value which
are determined by the luminance range determining unit
(151).
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IMAGE DISPLAY DEVICE AND IMAGE
DISPLAY METHOD

TECHNICAL FIELD

[0001] The present invention relates to an image display
device and more particularly to an image display device hav-
ing the function of controlling the luminance of a backlight
(backlight dimming function).

BACKGROUND ART

[0002] Inimagedisplay devices having a backlight such as
liquid crystal display devices, by controlling the luminance of
the backlight based on an input image, the power consump-
tion of the backlight can be suppressed and the image quality
of a displayed image can be improved. Particularly, by divid-
ing a screen into a plurality of areas and controlling, based on
an input image in an area, the luminance of backlight light
sources corresponding to the area, a further reduction in
power consumption and a further improvement in image
quality are enabled. A method to drive a display panel while
the luminance of backlight light sources is thus controlled
based on an input image in an area is hereinafter referred to as
“area active drive”.

[0003] A liquid crystal display device that performs area
active drive uses, for example, LEDs (Light Emitting Diodes)
of three RGB colors or white LEDs, as backlight light
sources. The luminance of LEDs corresponding to each area
is obtained based on a maximum value or an average value of
the luminances of pixels in the area, etc., and the obtained
luminances are provided, as LED data, to a drive circuit for a
backlight. In addition, based on the LED data and an input
image, display data (data for controlling the light transmit-
tances of liquid crystals) is generated and the display data is
provided to a drive circuit for a liquid crystal panel. Note that
the luminance of each pixel on a screen is the product of a
luminance of light from a backlight and a light transmittance
based on display data. Here, light emitted from a single LED
hits a plurality of areas including a corresponding area and
areas around the corresponding area. Thus, the luminance of
each pixel is the product of the sum of the luminances of lights
emitted from a plurality of LEDs and a light transmittance
based on display data.

[0004] According to a liquid crystal display device such as
that described above, by obtaining suitable display data and
LED data based on an input image, controlling the light
transmittances of liquid crystals based on the display data,
and controlling the luminances of LEDs corresponding to
respective areas based on the LED data, the input image can
be displayed on a liquid crystal panel. When the luminance of
pixels in an area is low, by reducing the luminance of LEDs
corresponding to the area, the power consumption of a back-
light can be reduced.

[0005] Note that in relation to such an invention the follow-
ing prior art documents are known. Japanese Patent Applica-
tion Laid-Open No. 2002-108305 discloses an invention of a
liquid crystal display device having backlight dimming con-
trol and a limiter which take into account an average lumi-
nance of an input signal and a gamma adjustment value.
Japanese Patent Application Laid-Open No. 2002-333858
discloses an invention of an image display device that adjusts
a dynamic range of an image signal displayed on a display
unit, according to an average signal level of inputted pixel
signals. Japanese Patent Application Laid-Open No. 2007-
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140436 discloses an invention of a liquid crystal display
device that changes, according to an image tone mode, a
luminance control characteristic which defines the light-
emission luminance of a light source relative to the amount of
characteristic of an input video signal.

[0006] [Patent Document 1] Japanese Patent Application
Laid-Open No. 2002-108305

[0007] [Patent Document 2] Japanese Patent Application
Laid-Open No. 2002-333858

[0008] [Patent Document 3] Japanese Patent Application
Laid-Open No. 2007-140436

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0009] Meanwhile, the number of LEDs included in aback-
light is smaller than the number of pixels of a display panel.
Hence, when a moving image is displayed by area active
drive, a maximum value (or an average value) of the lumi-
nances of pixels in an area changes every frame and thus the
luminances of LEDs change every frame and accordingly
flicker (flickering) may occur on a screen. The flicker is more
noticeable when the screen is dark than when the screen is
bright. The flicker will be described below.

[0010] For example, the case of displaying, as shown in
FIG. 26, a moving image in which a white (luminance of
100%) bar 62 having a predetermined width moves to the left
on a black (luminance of 0%) background will be considered.
In this case, a maximum value of the luminances of pixels in
an area 61 rises from 0% to 100% immediately after a part of
the bar 62 enters the area 61. Thus, when the luminance of
LEDs is determined based on a maximum value of the lumi-
nances of pixels in each area, the luminance of LEDs corre-
sponding to the area 61 abruptly changes from a minimum
luminance to a maximum luminance. As a result, large flicker
occurs on a screen. As such, in an image display device that
performs area active drive, flicker is likely to be visually
recognized upon displaying a moving image.

[0011] An object of the present invention is therefore to
provide an image display device that performs area active
drive and that can suppress the occurrence of flicker upon
displaying a moving image.

Means for Solving the Problems

[0012] A first aspect of the present invention is directed to
an image display device having a function of controlling a
luminance of a backlight, the image display device compris-

ing:
[0013] a display panel including a plurality of display
elements;
[0014] abacklight including a plurality of light sources;
[0015] asignal processing unit that obtains display data

and backlight control data, based on an input image;

[0016] a luminance range determining unit that deter-
mines an upper limit value and a lower limit value of
luminances of the light sources;

[0017] apanel drive circuit that outputs a signal for con-
trolling light transmittances of the display elements to
the display panel, based on the display data; and

[0018] abacklight drive circuit that outputs a signal for
controlling the luminances of the light sources to the
backlight, based on the backlight control data, wherein

[0019] when the signal processing unit obtains the back-
light control data, the signal processing unit divides the
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input image into a plurality of areas and obtains a lumi-
nance of light sources corresponding to each area, within
arange between the upper limit value and the lower limit
value which are determined by the luminance range
determining unit.

[0020] According to a second aspect of the present inven-
tion, in the first aspect of the present invention,

[0021] the image display device further comprises an
average luminance calculating unit that calculates an
average luminance of the input image for one screen,
wherein

[0022] the luminance range determining unit determines
an upper limit value and a lower limit value of lumi-
nances of the light sources, based on the calculated
average luminance which is the average luminance cal-
culated by the average luminance calculating unit.

[0023] According to a third aspect of the present invention,
in the second aspect of the present invention,

[0024] the luminance range determining unit determines
a lower limit value of luminances of the light sources
such that as the calculated average luminance increases
the lower limit value increases.

[0025] According to a fourth aspect of the present inven-
tion, in the second aspect of the present invention,

[0026] the luminance range determining unit determines
an upper limit value of luminances of the light sources
such that as the calculated average luminance increases
the upper limit value decreases.

[0027] According to a fifth aspect of the present invention,
in the first aspect of the present invention,

[0028] the image display device further comprises an
illuminance detecting unit that detects an illuminance
received by the display panel, wherein

[0029] the luminance range determining unit determines
an upper limit value and a lower limit value of lumi-
nances of the light sources, based on the detected illu-
minance which is the illuminance detected by the illu-
minance detecting unit.

[0030] According to asixth aspect of the present invention,
in the fifth aspect of the present invention,

[0031] the luminance range determining unit determines
a lower limit value of luminances of the light sources
such that as the detected illuminance increases the lower
limit value increases.

[0032] According to a seventh aspect of the present inven-
tion, in the fifth aspect of the present invention,

[0033] the luminance range determining unit determines
an upper limit value of luminances of the light sources
such that as the detected illuminance decreases the upper
limit value decreases.

[0034] According to an eighth aspect of the present inven-
tion, in the fifth aspect of the present invention,

[0035] when the detected illuminance is lower than or
equal to a predetermined illuminance, the luminance
range determining unit determines an upper limit value
of luminances of the light sources such that as the
detected illuminance decreases the upper limit value
decreases, and determines a lower limit value of lumi-
nances of the light sources such that as the detected
illuminance increases the lower limit value increases.
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[0036] According to a ninth aspect of the present invention,
in the first aspect of the present invention,

[0037] theimage display device further comprises a tem-
perature detecting unit that detects a temperature of the
backlight, wherein

[0038] the luminance range determining unit determines
an upper limit value and a lower limit value of lumi-
nances of the light sources, based on the detected tem-
perature which is the temperature detected by the tem-
perature detecting unit.

[0039] According to a tenth aspect of the present invention,
in the ninth aspect of the present invention,

[0040] when the detected temperature is higher than or
equal to a predetermined temperature, the luminance
range determining unit determines an upper limit value
of luminances of the light sources such that as the
detected temperature increases the upper limit value
decreases.

[0041] According to an eleventh aspect of the present
invention, in the first aspect of the present invention,

[0042] the image display device further comprises a
moving image ratio calculating unit that determines for
each area whether an image in the area is a moving
image or a still image and calculates, as a screen moving
image ratio, a ratio of a number of areas that are deter-
mined to have moving images to a number of the plural-
ity of areas, based on the input image, wherein

[0043] the luminance range determining unit determines
an upper limit value and a lower limit value of lumi-
nances of the light sources, based on the calculated
screen moving image ratio which is the screen moving
image ratio calculated by the moving image ratio calcu-
lating unit.

[0044] According to a twelfth aspect of the present inven-
tion, in the eleventh aspect of the present invention,

[0045] when the calculated screen moving image ratio is
lower than or equal 1o a predetermined value, the lumi-
nance range determining unit determines a lower limit
value of luminances of the light sources such that as the
calculated screen moving image ratio increases the
lower limit value increases; and when the calculated
screen moving image ratio is higher than or equal to the
predetermined value, the luminance range determining
unit determines an upper limit value of luminances of the
light sources such that as the calculated screen moving
image ratio increases the upper limit value decreases.

[0046] According to a thirteenth aspect of the present
invention, in the first aspect of the present invention,

[0047] the image display device further comprises a his-
togram generating unit that generates a histogram rep-
resenting a luminance distribution of the input image,
wherein

[0048] the luminance range determining unit determines
an upper limit value and a lower limit value of lumi-
nances of the light sources, based on the histogram gen-
erated by the histogram generating unit.

[0049] A fourteenth aspect of the present invention is
directed to an image display method for an image display
device that has a display panel including a plurality of display
elements; and a backlight including a plurality of light
sources, the image display method comprising:

[0050] asignal processing step of obtaining display data
and backlight control data, based on an input image;
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[0051] aluminance range determining step of determin-
ing an upper limit value and a lower limit value of
luminances of the light sources;

[0052] a panel driving step of outputting a signal for
controlling light transmittances of the display elements
to the display panel, based on the display data; and

[0053] abacklight driving step of outputting a signal for
controlling the luminances of the light sources to the
backlight, based on the backlight control data, wherein

[0054] in the signal processing step, when the backlight
control data is obtained, the input image is divided into
a plurality of areas and a luminance of light sources
corresponding to each area is obtained within a range
between the upper limit value and the lower limit value
which are determined in the luminance range determin-
ing step.

[0055] In addition, variants that are grasped by referring to
the embodiments and the drawings in the fourteenth aspect of
the present invention are considered to serve as means for
solving the problems.

Effects of the Invention

[0056] According to the first aspect of the present inven-
tion, in the image display device that controls the luminances
of light sources on an area-by-area basis, when the luminance
of light sources corresponding to each area is obtained, the
upper limit value and lower limit value of luminances are
determined in advance. Hence, by determining the upper limit
value of luminances to be lower than a maximum luminance
and determining the lower limit value of luminances to be
higher than a minimum luminance, the difference in lumi-
nance between the areas decreases over conventional cases.
Thus, even if the luminance of the light sources in each area
changes every frame by displaying a moving image, the
occurrence of flicker is suppressed.

[0057] According to the second aspect of the present inven-
tion, the upper limit value and lower limit value of the lumi-
nances of the light sources are determined based on an aver-
age luminance of an image. Hence, since the upper limit value
and lower limit value of the luminances of the light sources
can be determined taking into account the overall brightness
of the image, while a reduction in luminance is suppressed,
the occurrence of flicker upon displaying a moving image can
be suppressed.

[0058] According to the third aspect of the present inven-
tion, as the average luminance of an image increases, the
lower limit value of the luminances of the light sources
increases. Hence, when display of an overall bright image is
performed, the difference in luminance between the areas
decreases and thus the occurrence of flicker is effectively
suppressed. In addition, when display of an overall dark
image is performed, since the difference in luminance
between the areas increases, high contrast is obtained.

[0059] According to the fourth aspect of the present inven-
tion, as the average luminance of an image increases, the
upper limit value of the luminances of the light sources
decreases. Hence, when display of an overall bright image is
performed, the difference in luminance between the areas
decreases and accordingly the occurrence of flicker is effec-
tively suppressed, and by the reduction in the upper limit
value of the luminances of the light sources, power consump-
tion and the amount of heat are reduced. In addition, when
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display of an overall dark image is performed, since the
difference in luminance between the areas increases, high
contrast is obtained.

[0060] According to the fifth aspect of the present inven-
tion, the upper limit value and lower limit value of the lumi-
nances of the light sources are determined based on an illu-
minancereceived by the display panel. Hence, since the upper
limit value and lower limit value of the luminances of the light
sources can be determined taking into account the brightness
of a usage environment, while the glare perceived by persons
is considered, the occurrence of flicker upon displaying a
moving image can be suppressed.

[0061] According to the sixth aspect of the present inven-
tion, as the illuminance increases, the lower limit value of the
luminances of the light sources increases. Hence, when the
image display device is used in a bright environment, the
difference in luminance between the areas decreases and thus
the occurrence of flicker is effectively suppressed. In addi-
tion, when the image display device is used in a dark envi-
ronment, since the difference in luminance between the areas
increases, high contrast is obtained.

[0062] According to the seventh aspect of the present
invention, as the illuminance decreases, the upper limit value
ofthe luminances of the light sources decreases. Hence, when
the image display device is used in a dark environment, the
difference in luminance between the areas decreases and
accordingly the occurrence of flicker is effectively sup-
pressed, and by the reduction in the upper limit value of the
luminances of the light sources, glare is lessened.

[0063] According to the eighth aspect of the present inven-
tion, by determining the upper limit value of the luminances
of the light sources to be lower than a maximum luminance
and determining the lower limit value of the luminances of the
light sources to be higher than a minimum luminance, the
difference in luminance between the areas decreases and thus
the occurrence of flicker upon displaying a moving image is
suppressed.

[0064] According to the ninth aspect of the present inven-
tion, the upper limit value and lower limit value of the lumi-
nances of the light sources are determined based on the tem-
perature of the backlight. Thus, taking into account thermal
runaway caused by an increase in the temperature of the
backlight, the upper limit value and lower limit value of the
luminances of the light sources can be determined.

[0065] According to the tenth aspect of the present inven-
tion, when the temperature of the backlight is higher than or
equal to a predetermined temperature, as the temperature of
the backlight increases, the upper limit value of the lumi-
nances of the light sources decreases. Thus, thermal runaway
caused by an increase in the temperature of the backlight is
suppressed and power consumption is reduced.

[0066] According to the eleventh aspect of the present
invention, the upper limit value and lower limit value of the
luminances of the light sources are determined based on the
proportion of moving images included in an image. Thus,
while a reduction in luminance upon displaying a still image
is suppressed, the occurrence of flicker upon displaying a
moving image can be suppressed.

[0067] According to the twelfth aspect of the present inven-
tion, as the proportion of moving images included in an image
increases, the difference in luminance between the areas
decreases. Thus, flicker upon displaying a moving image is
effectively suppressed.
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[0068] According to the thirteenth aspect of the present
invention, the upper limit value and lower limit value of the
luminances of the light sources are determined based on the
luminance distribution of an image. Accordingly, since the
upper limit value and lower limit value of the luminances of
the light sources can be determined according to the overall
trend of an image, when an image where flicker is likely to be
visually recognized is displayed, the difference in luminance
between the areas decreases and accordingly the occurrence
of flicker can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] FIG.1isablockdiagram showing a configuration of
aliquid crystal display device according to a first embodiment
of the present invention.

[0070] FIG. 2 is a diagram showing a detail of a backlight
shown in FIG. 1.

[0071] FIG. 3 is a flowchart showing a process of an area
active drive processing unit in the first embodiment.

[0072] FIG. 4isa diagram showing a correspondence rela-
tionship between APL and the upper limit value/lower limit
value of LED luminances in the first embodiment.

[0073] FIG.51isadiagram showing the process of obtaining
liquid crystal data and LED data in the first embodiment.
[0074] FIG. 6 is a diagram showing a first variant of the
correspondence relationship between APL and the upper
limit value/lower limit value of LED luminances in the first
embodiment.

[0075] FIG. 7 is a diagram showing a second variant of the
correspondence relationship between APL and the upper
limit value/lower limit value of LED luminances in the first
embodiment.

[0076] FIG.8isablockdiagram showing a configuration of
aliquid crystal display device according to a second embodi-
ment of the present invention.

[0077] FIG. 9 is a flowchart showing a process of an area
active drive processing unit in the second embodiment.
[0078] FIG. 10 is a diagram showing a correspondence
relationship between ambient illuminance and the upper limit
value/lower limit value of LED luminances in the second
embodiment.

[0079] FIG. 11 is a diagram showing a first variant of the
correspondence relationship between ambient illuminance
and the upper limit value/lower limit value of LED lumi-
nances in the second embodiment.

[0080] FIG.12isadiagram showing asecond variant of the
correspondence relationship between ambient illuminance
and the upper limit value/lower limit value of LED lumi-
nances in the second embodiment.

[0081] FIG. 13 is a block diagram showing a configuration
of aliquid crystal display device according to a third embodi-
ment of the present invention.

[0082] FIG. 14 is a flowchart showing a process of an area
active drive processing unit in the third embodiment.

[0083] FIG. 15 is a diagram showing an example of a cor-
respondence relationship between BLU temperature and the
upper limit value/lower limit value of LED luminances in the
third embodiment.

[0084] FIG. 16 is a block diagram showing a configuration
of a liquid crystal display device according to a fourth
embodiment of the present invention.

[0085] FIG. 17 is a flowchart showing a process of an area
active drive processing unit in the fourth embodiment.
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[0086] FIG. 18 is a flowchart showing a process of an MPL
calculating unit in the fourth embodiment.

[0087] FIG. 19 is a diagram showing an example of a cor-
respondence relationship between MPL and the upper limit
value/lower limit value of LED luminances in the fourth
embodiment.

[0088] FIG. 20 is a block diagram showing a configuration
of aliquid crystal display device according to a fifth embodi-
ment of the present invention.

[0089] FIG. 21 is a flowchart showing a process of an area
active drive processing unit in the fifth embodiment.

[0090] FIG. 22 is a diagram for describing an exemplary
histogram analysis (first example) in the fifth embodiment.
[0091] FIG. 23 is a diagram for describing an exemplary
histogram analysis (second example) in the fifth embodiment.
[0092] FIG. 24 is a diagram for describing an exemplary
histogram analysis (third example) in the fifth embodiment.
[0093] FIG. 25 is a diagram for describing an exemplary
histogram analysis (fourth example) in the fifth embodiment.
[0094] FIG. 26 is adiagram showing an example ofa screen
where flicker occurs in a conventional example.

DESCRIPTION OF THE REFERENCE
NUMERALS

[0095] 10: LIQUID CRYSTAL DISPLAY DEVICE
[0096] 11:LIQUID CRYSTAL PANEL

[0097] 12: PANEL DRIVE CIRCUIT

[0098] 13: BACKLIGHT

[0099] 14: BACKLIGHT DRIVE CIRCUIT

[0100] 15: AREA ACTIVE DRIVE PROCESSING UNIT
[0101] 16: APL CALCULATING UNIT

[0102] 21: DISPLAY ELEMENT

[0103] 22: LED UNIT

[0104] 23:REDLED

[0105] 24: GREEN LED

[0106] 25: BLUE LED

[0107] 31: INPUT IMAGE

[0108] 32: LIQUID CRYSTAL DATA

[0109] 33: LED DATA

[0110] 34: APL DATA

[0111] 41: AMBIENT ILLUMINANCE DETECTING
UNIT

[0112] 42: BLU TEMPERATURE DETECTING UNIT
[0113] 43: MPL CALCULATING UNIT

[0114] 44: HISTOGRAM GENERATING UNIT

[0115] 51: DETECTED ILLUMINANCE DATA
[0116] 52: DETECTED TEMPERATURE DATA
[0117] 53: MPL DATA

[0118] 54: HISTOGRAM ANALYSIS RESULT DATA

BEST MODE FOR CARRYING OUT THE
INVENTION

[0119] Embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

1. First Embodiment

[0120] <1.1 Overall Configuration and Operation Over-
view>
[0121] FIG. 1is ablock diagram showing a configuration of

aliquid crystal display device 10 according to a first embodi-
ment of the present invention. The liquid crystal display
device 10 shown in FIG. 1 includes a liquid crystal panel 11,
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a panel drive circuit 12, a backlight 13, a backlight drive
circuit 14, an area active drive processing unit 15, and an APL
calculating unit 16. The area active drive processing unit 15
includes a luminance range determining unit 151. The liquid
crystal display device 10 performs area active drive in which
the liquid crystal panel 11 is driven, by dividing a screen into
a plurality of areas, while the luminances of backlight light
sources are controlled based on input images in respective
areas. In the following, m and n are integers greater than or
equal to 2 and p and q are integers greater than or equal to 1
and at least one of p and q is an integer greater than or equal
to 2.

[0122] Aninputimage 31 including an R image,a G image,
and a B image is inputted into the liquid crystal display device
10. Each of the R image, the G image, and the B image
includes the luminances of (mxn) pixels. The input image 31
is provided to the area active drive processing unit 15 and the
APL calculating unit 16. The APL calculating unit 16 obtains,
based on the input image 31, APL data 34 representing an
average luminance level of the image for one frame (herein-
after, referred to as “APL” or “screen average luminance”).
The luminance range determining unit 151 determines, based
on a data value (calculated average luminance) of the APL
data 34, an upper limit value and a lower limit value of the
luminances of LEDs 23 to 25 which will be described later.
The area active drive processing unit 15 obtains, based on the
input image 31, display data (hereinafter, referred to as liquid
crystal data 32) which is used to drive the liquid crystal panel
11 and backlight control data (hereinafter, referred to as LED
data 33) which is used to drive the backlight 13 (the detail of
which will be described later). Note that in the following the
data value of the APL data 34 is simply referred to as the “APL
value”.

[0123] The liquid crystal panel 11 includes (mxnx3) dis-
play elements 21. The display elements 21 as a whole are
arranged two-dimensionally such that 3m display elements
21 are arranged in a row direction (a horizontal direction in
FIG. 1) and n display elements 21 are arranged in a column
direction (a vertical direction in FIG. 1). The display elements
21 include R display elements that allow red light to pass
therethrough, G display elements that allow green light to
pass therethrough, and B display elements that allow blue
light to pass therethrough. The R display elements, the G
display elements, and the B display elements are arranged
side by side in the row direction and three R, G, and B display
elements form one pixel.

[0124] The panel drive circuit 12 is a drive circuit for the
liquid crystal panel 11. The panel drive circuit 12 outputs a
signal (voltage signal) for controlling the light transmittances
of the display elements 21 to the liquid crystal panel 11, based
on the liquid crystal data 32 outputted from the area active
drive processing unit 15. The voltage outputted from the
panel drive circuit 12 is written into pixel electrodes (not
shown) in the respective display elements 21 and the light
transmittances of the display elements 21 change according
to the voltage written into the pixel electrodes.

[0125] Thebacklight 13 is provided on the back side of the
liquid crystal panel 11 and irradiates backlight light to the
back of the liquid crystal panel 11. FIG. 2 is a diagram
showing a detail of the backlight 13. As shown in FIG. 2, the
backlight 13 includes (pxq) LED units 22. The LED units 22
as a whole are arranged two-dimensionally such that p LED
units 22 are arranged in the row direction and q LED units 22
are arranged in the column direction. Each LED unit 22
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includes one red LED 23, one green LED 24, and one blue
LED 25. Lights emitted from three LEDs 23 to 25 included in
one LED unit 22 hit a part of the back of the liquid crystal
panel 11.

[0126] The backlight drive circuit 14 is a drive circuit for
the backlight 13. The backlight drive circuit 14 outputs a
signal (a voltage signal or a current signal) for controlling the
luminances of the LEDs 23 to 25 to the backlight 13, based on
the LED data 33 outputted from the area active drive process-
ing unit 15. The luminances of LEDs 23 to 25 are controlled
independently of the luminances of LEDs inside and outside
the unit.

[0127] A screen of the liquid crystal display device 10 is
divided into (pxq) areas and one area is associated with one
LEDunit 22. The area active drive processing unit 15 obtains,
for each of the (pxq) areas, based on an R image in the area,
a luminance of a red LED 23 corresponding to the area.
Likewise, a luminance ofa green LED 24 is determined based
on a G image in the area and a luminance of a blue LED 25 is
determined based on a B image in the area. The area active
drive processing unit 15 obtains luminances of all the LEDs
23 to 25 included in the backlight 13 and outputs LED data 33
representing the obtained LED luminances, to the backlight
drive circuit 14.

[0128] In addition, the area active drive processing unit 15
obtains, based on the LED data 33, luminances of backlight
lights at all the display elements 21 included in the liquid
crystal panel 11. Furthermore, the area active drive process-
ing unit 15 obtains light transmittances of all the display
elements 21 included in the liquid crystal panel 11, based on
the input image 31 and the luminances of the backlight lights,
and outputs liquid crystal data 32 representing the obtained
light transmittances to the panel drive circuit 12.

[0129] In the liquid crystal display device 10, the lumi-
nance ofan R display element is the product of the luminance
of red light emitted from the backlight 13 and the light trans-
mittance of the R display element. Light emitted from one red
LED 23 hits a plurality of areas including a corresponding
area and areas around the corresponding area. Therefore, the
luminance of an R display element is the product of the sum
of the luminances of lights emitted from a plurality of red
LEDs 23 and the light transmittance of the R display element.
Likewise, the luminance of a G display element is the product
of the sum ofthe luminances of lights emitted from a plurality
of green LEDs 24 and the light transmittance ofthe G display
element, and the luminance of a B display element is the
product of the sum of the luminances of lights emitted from a
plurality of blue LEDs 25 and the light transmittance ofthe B
display element.

[0130] According to the liquid crystal display device 10
configured in the above-described manner, by obtaining suit-
able liquid crystal data 32 and LED data 33 based on an input
image 31, controlling the light transmittances of the display
elements 21 based on the liquid crystal data 32, and control-
ling the luminances of the LEDs 23 to 25 based on the LED
data 33, the input image 31 can be displayed on the liquid
crystal panel 11. When the luminance of pixels in an area is
low, by reducing the luminance of LEDs 23 to 25 correspond-
ing to the area, the power consumption of the backlight 13 can
be reduced. In addition, when the luminance of pixels in an
area is low, by switching the luminance of display elements
21 corresponding to the area between lower levels, the reso-
lution of an image can be increased, enabling to improve the
image quality of a displayed image.
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[0131] <I.2 Processing Procedure of the Area Active Drive
Processing Unit>

[0132] FIG. 3 is a flowchart showing a process of the area
active drive processing unit 15. An image of a certain color
component (hereinafter, referred to as the color component
C) included in an input image 31 is inputted into the area
active drive processing unit 15 (step S11). The input image of
the color component C includes the luminances of (mxn)
pixels.

[0133] Then, the area active drive processing unit 15 per-
forms a sub-sampling process (averaging process) on the
input image of the color component C and thereby obtains a
downsized image including the luminances of (spxsq) pixels
(s is an integer greater than or equal to 2) (step S12). At step
S12, the input image of the color component C is downsized
by a factor of (sp/m) in the horizontal direction and a factor of
(sg/n) in the vertical direction. Then, the area active drive
processing unit 15 divides the downsized image into (pxq)
areas (step S13). Each area includes the luminances of (sxs)
pixels. Then, the area active drive processing unit 15 obtains,
for each of the (pxq) areas, a maximum value Ma of the
luminances of pixels in the area and an average value Me of
the luminances of pixels in the area (step S14).

[0134] Then, the luminance range determining unit 151 in
the area active drive processing unit 15 determines an upper
limit value and a lower limit value of LED luminances, based
on a data value of APL data 34 obtained by the APL calcu-
lating unit 16 (step S15). In the present embodiment, APL and
the upper limit value/lower limit value of LED luminances are
associated with each other in advance, as shown in FIG. 4. In
an example shown in FIG. 4, the upper limit value of LED
luminances is constant (maximum luminance) regardless of
the magnitude of the APL value. On the other hand, the lower
limit value of LED luminances changes according to the APL
value. Specifically, with reference to a minimum APL, as the
APL value increases, the lower limit value of LED lumi-
nances gradually increases from a minimum luminance. By
determining the upper limit value/lower limit value of LED
luminances in the above-described manner, as the APL
increases, i.e., as the overall screen gets brighter, the differ-
ence in luminance between the areas decreases.

[0135] Then, the area active drive processing unit 15
obtains, for each of the (pxq) areas, an LED luminance (step
$16). Methods of determining the LED luminance include,
for example, a method of determining based on a maximum
value Ma of the luminances of pixels in an area, a method of
determining based on an average value Me of the luminances
of pixels in an area, and a method of determining by perform-
ing weighted averaging of a maximum value Ma and an
average value Me of the luminances of pixels in an area. Here,
the LED luminance is a luminance (value) within a range
between the upper limit value and the lower limit value which
are obtained at step S15. Therefore, for example, when an
LED luminance obtained by a method based on a maximum
value Ma of the luminances of pixels in an area is lower than
the lower limit value obtained at step S15, the lower limit
value is set as a LED luminance at step S16.

[0136] Then, the area active drive processing unit 15
applies a luminance diffusion filter (dot diffusion filter) to the
(pxq) LED luminances obtained at step S16 and thereby
obtains first backlight luminance data including (tpxtq) lumi-
nances (tis an integer greater than or equal to 2) (step S17). At
step S17, the (pxq) LED luminances are upsized by a factor of
t in both the horizontal direction and the vertical direction.
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[0137] Then, the area active drive processing unit 15 per-
forms a linear interpolation process on the first backlight
luminance data and thereby obtains second backlight lumi-
nance data including (mxn) luminances (step S18). At step
S18, the first backlight luminance data is upsized by a factor
of (m/tp) in the horizontal direction and a factor of (n/tq) in the
horizontal direction. The second backlight luminance data
represents the luminances of backlight lights of the color
component C that enter (mxn) display elements 21 of the
color component C when (pxq) LEDs of the color component
C emit lights at the luminances obtained at step S16.

[0138] Then, the area active drive processing unit 15
divides the luminances of the (mxn) pixels included in the
input image of the color component C by the (mxn) lumi-
nances included in the second backlight luminance data,
respectively, and thereby obtains light transmittances T of the
(mxn) display elements 21 of the color component C (step
S19).

[0139] Finally, the area active drive processing unit 15 out-
puts, for the color component C, liquid crystal data 32 repre-
senting the (mxn) light transmittances which are obtained at
step S19 and LED data 33 representing the (pxq) LED lumi-
nances which are obtained at step S16 (step S20). At this time,
the liquid crystal data 32 and the LED data 33 are converted
into values in a suitable range, in accordance with the speci-
fications of the panel drive circuit 12 and the backlight drive
circuit 14.

[0140] The area active drive processing unit 15 performs a
process shown in FIG. 3 on an R image, a G image, and a B
image and thereby obtains, based on an input image 31
including the luminances of (mxnx3) pixels, liquid crystal
data 32 representing (mxnx3) transmittances and LED data
33 representing (pxqx3) LED luminances.

[0141] FIG. 5is a diagram showing the process of obtaining
liquid crystal data and LED data for the case in which
m=1920, n=1080, p=32, q=16, s=10 and t=5. As shown in
FIG. 5, by performing a sub-sampling process on an input
image of a color component C which includes the luminances
of (1920x1080) pixels, a downsized image including the
luminances of (320x160) pixels is obtained. The downsized
image is divided into (32x16) areas (the area size is (10x10)
pixels). By obtaining a maximum value Ma and an average
value Me of the luminances of pixels for each area, maximum
value data including the (32x16) maximum values and aver-
age value data including the (32x16) average values are
obtained. In addition, an upper limit value and a lower limit
value of LED luminances are determined based on an APL
value. Then, taking into account the upper limit value/lower
limit value, LED data for the color component C which rep-
resents (32x16) LED luminances is obtained based on the
maximum value data or based on the average value data or
based on the maximum value data and the average value data.
[0142] By applying a luminance diffusion filter to the LED
data for the color component C, first backlight luminance data
including (160x80) luminances is obtained. By performing a
linear interpolation process on the first backlight luminance
data, second backlight luminance data including
(1920x1080) luminances is obtained. Finally, by dividing the
luminances of the pixels included in the input image by the
luminances included in the second backlight luminance data,
liquid crystal data for the color component C which includes
(1920x1080) light transmittances is obtained.

[0143] Note that although in FIG. 3, for simplification of
description, the area active drive processing unit 15 performs
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processes for images of the respective color components in
turn, the processes for images of the respective color compo-
nents may be performed in a time-division manner. Note also
thatalthough in F1G. 3 the area active drive processing unit 15
performs asub-sampling process on an input image to remove
noise and performs area active drive based on a downsized
image, the area active drive processing unit 15 may perform
area active drive based on an original input image.

[0144] <I1.3 Effects>

[0145] According to the present embodiment, in a liquid
crystal display device that performs area active drive, when
the luminance of LEDs corresponding to each area is
obtained, the upper limit value/lower limit value of LED
luminances are determined in advance based on an average
luminance level of an image. Specifically, as shown in FIG. 4,
the lower the APL value the lower the lower limit value of
LED luminances, and the higher the APL value the higher the
lower limit value of LED luminances. As such, as the APL
value increases, the lower limit value of LED luminances
gradually increases from a minimum luminance. Thus, as the
overall screen gets brighter, the difference in luminance
between the maximum value and minimum value of LED
luminances which can appear in one frame decreases. By this,
even if the luminance of LEDs in each area changes every
frame by displaying a moving image, the difference in lumi-
nance between the areas decreases over conventional cases,
and accordingly, the occurrence of flicker is suppressed. In
addition, when the APL value is low, the difference in lumi-
nance between the maximum value and minimum value of
LED luminances which can appear in one frame increases.
Hence, when display of an overall dark image is performed,
high contrast is obtained.

[0146] <I.4 Variants>

[0147] Although, in the first embodiment, the correspon-
dence relationship between APL and the upper limit value/
lower limit value of LED luminances is as shown in FIG. 4,
the present invention is not limited thereto. Variants of the
correspondence relationship are shown below.

[0148] <I1.4.1 First Variant>

[0149] FIG. 6 is a diagram showing a first variant of the
correspondence relationship between APL and the upper
limit value/lower limit value of LED luminances. In the
present variant, the lower limit value of LED luminances is
constant (minimum luminance) regardless of the magnitude
of the APL value. On the other hand, the upper limit value of
LED luminances changes according to the APL value. Spe-
cifically, with reference to a minimum APL, as the APL value
increases, the upper limit value of LED luminances gradually
decreases from a maximum luminance. That is, as the overall
screen gets brighter, the upper limit value of LED luminances
gradually decreases.

[0150] According to the present variant, as the overall
screen gets brighter, the difference in luminance between the
maximum value and minimum value of LED luminances
which can appear in one frame decreases. By this, as in the
first embodiment, the occurrence of flicker is suppressed
upon displaying a moving image. In addition, as the overall
screen gets brighter, the upper limit value of LED luminances
decreases, and thus, power consumption is reduced and the
amount of heat is also reduced. Furthermore, the glare per-
ceived when display of an overall bright image is performed
1s lessened. Moreover, when the APL value is low, the differ-
ence in luminance between the maximum value and mini-
mum value of LED luminances which can appear in one
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frame increases. Thus, as in the first embodiment, when dis-
play of an overall dark image is performed, high contrast is
obtained.

[0151] <1.4.2 Second Variant>

[0152] FIG. 7 is a diagram showing a second variant of the
correspondence relationship between APL and the upper
limit value/lower limit value of LED luminances. In the
present variant, when APL is low (when APL is in a range
indicated by reference numeral 71), as the APL value
increases, the lower limit value of LED luminances increases
from a minimum luminance at a relatively high rate. For
example, when the state transitions from one in which a
completely dark image is displayed to one in which a white
bar such as that shown in FIG. 26 is displayed, APL increases
slightly. Thus, when the correspondence relationship
between APL and the upper limit value/lower limit value of
LED luminances is such as that shown in FIG. 4, the differ-
ence in luminance between the areas does not decrease much.
On the other hand, with the correspondence relationship
shown in FIG. 7, by the increase in the lower limit value of
LED luminances, the difference in luminance between the
areas effectively decreases and thus the occurrence of flicker
is effectively suppressed.

[0153] When APL is relatively high (when APL is in a
range indicated by reference numeral 72), as the APL value
increases, the upper limit value of LED luminances gradually
decreases from a maximum luminance. By this, as in the first
variant, effects such as a reduction in power consumption, a
reduction in the amount of heat, and a lessening of glare are
obtained.

2. Second Embodiment

[0154] <2.1 Overall Configuration and Processing Proce-
dure>
[0155] FIG. 8is ablock diagram showing a configuration of

a liquid crystal display device 10 according to a second
embodiment of the present invention. In the present embodi-
ment, an ambient illuminance detecting unit 41 is provided in
place of an APL calculating unit 16 in the first embodiment.
Note that the configuration is the same as that in the first
embodiment except for the ambient illuminance detecting
unit 41 and thus description thereof is omitted.

[0156] The ambient illuminance detecting unit 41 detects
an ambient brightness (illuminance) of the liquid crystal dis-
play device 10 and outputs a value indicating the detected
illuminance, as detected illuminance data 51. A luminance
range determining unit 151 determines an upper limit value
and a lower limit value of LED luminances, based on a data
value of the detected illuminance data 51. Note that in the
following the data value of the detected illuminance data 51 is
simply referred to as the “detected illuminance”.

[0157] FIG. 9 is a flowchart showing a process of an area
active drive processing unit 15 according to the present
embodiment. In the present embodiment, at step S15, the
luminance range determining unit 151 in the area active drive
processing unit 15 determines an upper limit value and a
lower limit value of LED luminances, based on a data value
(detected 1lluminance) of detected illuminance data 51 which
is outputted from the ambient illuminance detecting unit 41.
Note that the contents of processes at all steps other than step
S15 are the same as those in the first embodiment and thus
description thereof is omitted.

[0158] In the present embodiment, ambient illuminance
and the upper limit value/lower limit value of LED lumi-
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nances are associated with each other in advance, as shown in
FIG. 10. In an example shown in FIG. 10, the upper limit
value of LED luminances is constant (maximum luminance)
regardless of the magnitude of the detected illuminance. On
the other hand, the lower limit value of LED luminances
changes according to the detected illuminance. Specifically,
with reference to a minimum ambient illuminance, as the
detected illuminance increases, the lower limit value of LED
luminances gradually increases from a minimum luminance.
[0159] <2.2 Effects>

[0160] According to the present embodiment, as the
detected illuminance increases, the lower limit value of LED
luminances increases. Thus, as the surroundings of the liquid
crystal display device get brighter, the difference in lumi-
nance between the maximum value and minimum value of
LED luminances which can appear in one frame decreases.
By this, when the liquid crystal display device is used in a
bright environment, the occurrence of flicker upon displaying
a moving image is suppressed. In addition, when the sur-
roundings (usage environment) of the liquid crystal display
device are dark, the difference in luminance between the
maximum value and minimum value of LED luminances
which can appear in one frame increases, and thus, high
contrast is obtained.

[0161] <2.3 Variants>

[0162] Although, in the first embodiment, the correspon-
dence relationship between ambient illuminance and the
upper limit value/lower limit value of LED luminances is as
shown in FIG. 10, the present invention is not limited thereto.
Variants of the correspondence relationship are shown below.
[0163] <2.3.1 First Variant>

[0164] FIG. 11 is a diagram showing a first variant of the
correspondence relationship between ambient illuminance
and the upper limit value/lower limit value of LED lumi-
nances. In the present variant, the lower limit value of LED
luminances is constant (minimum luminance) regardless of
the magnitude of the detected illuminance. On the other hand,
the upper limit value of LED luminances changes according
to the detected illuminance. Specifically, with reference to a
maximum ambient illuminance, as the detected illuminance
decreases, the upper limit value of LED luminances gradually
decreases from a maximum luminance.

[0165] According to the present variant, as the ambient
illuminance decreases, the upper limit value of LED lumi-
nances decreases. Thus, as the surroundings of the liquid
crystal display device get darker, the difference in luminance
between the maximum value and minimum value of LED
luminances which can appear in one frame decreases. By this,
when the liquid crystal display device is used in a dark envi-
ronment, the occurrence of flicker upon displaying a moving
image is suppressed. In addition, the glare perceived when the
liquid crystal display device is used in a dark environment is
lessened.

[0166] <2.3.2. Second Variant>

[0167] FIG.12isadiagram showing asecond variant of the
correspondence relationship between ambient illuminance
and the upper limit value/lower limit value of LED lumi-
nances. In the present variant, when the ambient illuminance
has a predetermined value or less, the upper limit value/lower
limit value of LED luminances change according to the
detected illuminance; and when the ambient illuminance has
the predetermined value or more, the upper limit value/lower
limit value of LED luminances are constant regardless of the
detected illuminance. Specifically, with reference to an ambi-
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ent illuminance having the predetermined value, the upper
limit value of LED luminances gradually decreases from a
maximum luminance as the detected illuminance decreases.
On the other hand, with reference to a minimum ambient
illuminance, the lower limit value of LED luminances gradu-
ally increases from a minimum luminance as the detected
illuminance increases, until the detected illuminance reaches
the predetermined value.

[0168] In the present variant, regardless of the ambient
illuminance, the difference in luminance between the maxi-
mum value and minimum value of LED luminances which
can appear in one frame decreases over conventional cases.
Thus, the occurrence of flicker upon displaying a moving
image is suppressed regardless of the usage environment of
the liquid crystal display device. In addition, when the
detected illuminance is low, the upper limit value of LED
luminances decreases, and thus, the glare perceived when the
liquid crystal display device is used in a dark environment is
lessened. Furthermore, when the detected illuminance is low,
the lower limit value of LED luminances decreases. Thus,
when the liquid crystal display device is used in a dark envi-
ronment, high contrast is obtained.

3. Third Embodiment

[0169] <3.1 Overall Configuration and Processing Proce-
dure>
[0170] FIG. 13 is a block diagram showing a configuration

of a liquid crystal display device 10 according to a third
embodiment of the present invention. In the present embodi-
ment, a BLU temperature detecting unit 42 is provided in
place of an APL calculating unit 16 in the first embodiment.
Note that the configuration is the same as that in the first
embodiment except for the BLU temperature detecting unit
42 and thus description thereof is omitted.

[0171] The BLU temperature detecting unit 42 detects a
temperature (hereinafter, referred to as the “BLU tempera-
ture”) of a backlight 13 provided in the liquid crystal display
device 10, and outputs a value indicating the detected tem-
perature as detected temperature data 52. A luminance range
determining unit 151 determines an upper limit value and a
lower limit value of LED luminances, based on a data value of
the detected temperature data 52. Note that in the following
the data value of the detected temperature data 52 is simply
referred to as the “detected temperature”.

[0172] FIG. 14 is a flowchart showing a process of an area
active drive processing unit 15 according to the present
embodiment. In the present embodiment, at step S15, the
luminance range determining unit 151 in the area active drive
processing unit 15 determines an upper limit value and a
lower limit value of LED luminances, based on a data value
(detected temperature) of detected temperature data 52 which
is outputted from the BLU temperature detecting unit 42.
Note that the contents of processes at all steps other than step
S15 are the same as those in the first embodiment and thus
description thereof is omitted.

[0173] In the present embodiment, BLU temperature and
the upper limit value/lower limit value of LED luminances are
associated with each other in advance, as shown in FIG. 15. In
an example shown in FIG. 15, the lower limit value of LED
luminances is constant (minimum luminance) regardless of
the magnitude of the detected temperature. On the other hand,
the upper limit value of LED luminances is constant (maxi-
mum luminance) when the BLU temperature has a predeter-
mined value or less, and changes according to the detected
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temperature when the BLU temperature has the predeter-
mined value or more. Specifically, with reference to a BLU
temperature having the predetermined value, as the detected
temperature increases, the upper limit value of LED lumi-
nances gradually decreases.

[0174] <3.2 Effects>

[0175] According to the present embodiment, when the
temperature of the backlight reaches a predetermined tem-
perature or higher, as the temperature of the backlight
increases, the upper limit value of LED Iluminances
decreases. Thus, thermal runaway caused by an increase in
the temperature of the backlight is suppressed and power
consumption is reduced. In addition, when the temperature of
the backlight is low, the upper limit value of LED luminances
increases and thus lack of luminance is suppressed.

4. Fourth Embodiment

[0176] <4.1 Overall Configuration and Processing Proce-
dure>
[0177] FIG. 16 is a block diagram showing a configuration

of a liquid crystal display device 10 according to a fourth
embodiment of the present invention. In the present embodi-
ment, an MPL calculating unit 43 is provided in place of an
APL calculating unit 16 in the first embodiment. Note that the
configuration is the same as that in the first embodiment
except for the MPL calculating unit 43 and thus description
thereof is omitted.

[0178] The MPL calculating unit 43 determines for each
area whether an image in the area is a moving image or a still
image and thereby obtains MPL data 53 representing the ratio
of the number of moving image areas to the total number of
areas (hereinafter, referred to as the “MPL” or “screen mov-
ing image ratio”), based on an input image 31. A luminance
range determining unit 151 determines an upper limit value
and a lower limit value of LED luminances, based on a data
value (calculated screen moving image ratio) of the MPL data
53. Note that in the following the data value of the MPL data
53 is simply referred to as the “MPL value”.

[0179] FIG. 17 is a flowchart showing a process of an area
active drive processing unit 15 according to the present
embodiment. In the present embodiment, at step S15, the
luminance range determining unit 151 in the area active drive
processing unit 15 determines an upper limit value and a
lower limit value of

[0180] LED luminances, based on an MPL value obtained
by the MPL calculating unit 43. Note that the contents of
processes at all steps other than step S15 are the same as those
in the first embodiment and thus description thereof is omit-
ted.

[0181] Now, a calculation procedure of MPL data 53
according to the present embodiment will be described. FIG.
18 is a flowchart showing a process of the MPL calculating
unit 43. The MPL calculating unit 43 obtains, for one of the
above-described (pxq) areas, an average value Me of the
luminances of pixels in the area (step S31). Note that by
repeating processes at steps S31 to S35 as will be described
later, at the time of proceeding to step S36 average values Me
are obtained for all the (pxq) areas. Note also that in the
following an average value that is obtained in a process in a
current frame is indicated by “Me (n)” and an average value
obtained in a process in a frame preceding the current frame
(immediately preceding frame) is indicated by “Me(n-1)".
[0182] The MPL calculating unit 43 then determines
whether the difference between the average value Me (n) for
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the current frame and the average value Me(n-1) for the
immediately preceding frame is greater than a predetermined
threshold value Th (step S32). As a result, if the difference
between Me (n) and Me (n-1) is greater than the threshold
value Th, then the MPL calculating unit 43 determines that
the area is a moving image area (step S33). On the other hand,
if the difference between Me(n) and Me(n-1) is less than or
equal to the threshold value Th, then the MPL calculating unit
43 determines that the area is a still image area (step S34).
Note that the threshold value Th can be set to any value.
[0183] Then, the MPL calculating unit 43 determines
whether a determination as to whether an area is a moving
image area or a still image area is done for all the (pxq) areas.
As a result, if the determination is done then processing
proceeds to step S36, and if not done then processing returns
to step S31. In this manner, the processes at steps S31 to S35
are repeated (pxq) times.

[0184] At step S36, the MPL calculating unit 43 calculates
MPL (screen moving image ratio) by dividing the number of
areas that are determined to be moving image areas by the
total number of areas. At step S15 shown in FIG. 17, an upper
limit value and a lower limit value of LED luminances are
determined based on the thus calculated MPL.

[0185] Inthe present embodiment, MPL and the upper limit
value/lower limit value of LED luminances are associated
with each other in advance, as shown in FIG. 19. In an
example shown in FIG. 19, the upper limit value of LED
luminances is constant (maximum luminance) when the MPL
value is less than or equal to a predetermined value, and
changes according to the MPL value when the MPL value is
greater than or equal to the predetermined value. Specifically,
with reference to an MPL having the predetermined value, as
the MPL value increases, the upper limit value of LED lumi-
nances gradually decreases from the maximum luminance.
On the other hand, the lower limit value of LED luminances
is constant when the MPL value is greater than or equal to the
predetermined value, and changes according to the MPL
value when the MPL value is less than or equal to the prede-
termined value. Specifically, with reference to a minimum
MPL, the lower limit value of LED luminances gradually
increases from a minimum luminance as the MPL value
increases, until the MPL value reaches the predetermined
value.

[0186] <4.2 Effects>

[0187] According to the present embodiment, as the MPL
value increases, the difference in luminance between the
maximum value and minimum value of LED luminances
which can appear in one frame decreases. That is, as the
number of moving images increases on a screen, the differ-
ence in luminance between the areas decreases. Accordingly,
flicker upon displaying a moving image is effectively sup-
pressed.

5. Fifth Embodiment

[0188] <S5.1 Overall Configuration and Processing Proce-
dure>
[0189] FIG. 20 is a block diagram showing a configuration

of a liquid crystal display device 10 according to a fifth
embodiment of the present invention. In the present embodi-
ment, a histogram generating unit 44 is provided in place of an
APL calculating unit 16 in the first embodiment. Note that the
configuration is the same as that in the first embodiment
except for the histogram generating unit 44 and thus descrip-
tion thereof is omitted.
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[0190] The histogram generating unit 44 generates, based
on an input image 31, a histogram representing a luminance
distribution of the image for one frame. The histogram gen-
erating unit 44 then analyzes, based on the histogram, a trend
of the image (e.g., an “overall bright image”, an “overall dark
image”, an “image where high luminance and low luminance
are mixed”, etc.) and outputs a result of the analysis as histo-
gram analysis result data 54. A luminance range determining
unit 151 determines an upper limit value and a lower limit
value of LED luminances, based on the histogram analysis
result data 54.

[0191] FIG. 21 is a flowchart showing a process of an area
active drive processing unit 15 according to the present
embodiment. In the present embodiment, at step S15, the
luminance range determining unit 151 in the area active drive
processing unit 15 determines an upper limit value and a
lower limit value of LED luminances, based on histogram
analysis result data 54 which is outputted from the histogram
generating unit 44. Note that the contents of processes at all
steps other than step S15 are the same as those in the first
embodiment and thus description thereof is omitted.

[0192] Next, the relationship between a histogram gener-
ated by the histogram generating unit 44 and the upper limit
value/lower limit value of LED luminances will be described
using examples. When the histogram is such as that shown in
FIG. 22 (first example), it is grasped that the image is an
overall bright image. At this time, since the difference in
luminance between the areas is relatively small, flicker
caused by displaying a moving image is less likely to be
visually recognized. Thus, the lower limit value of LED lumi-
nances is set to alow value. When the histogram is such as that
shown in FIG. 23 (second example), it is grasped that the
image is an overall dark image. At this time, since the differ-
ence in luminance between the areas is relatively small,
flicker caused by displaying a moving image is less likely to
be visually recognized. Thus, the lower limit value of LED
luminances is set to a low value. When the histogram is such
as that shown in FIG. 24 (third example), a high luminance
image and a low luminance image are mixed and it is grasped
that there is relatively more high luminance image. At this
time, although the difference in luminance between the areas
is relatively large, since display of an overall bright image is
performed, flicker caused by displaying a moving image is
less likely to be visually recognized. Hence, the lower limit
value of LED luminances is set to a low value. When the
histogram is such as that shown in FI1G. 25 (fourth example),
a high luminance image and a low luminance image are
mixed and it is grasped that there is relatively more low
luminance image. At this time, the difference in luminance
between the areas is relatively large and display of an overall
dark image is performed. Thus, flicker caused by displaying a
moving image is likely to be visually recognized. Hence, the
lower limit value of LED luminances is set to a high value.

[0193] <5.2 Effects>

[0194] According to the present embodiment, the upper
limit value/lower limit value of LED luminances are deter-
mined based on a luminance distribution of an input image.
Namely, as in the first to fourth examples, the upper limit
value/lower limit value of LED luminances can be changed
according to the overall trend of an image. Hence, when an
image where flicker is likely to be visually recognized is
displayed, the upper limit value/lower limit value of LED
luminances can be determined in advance such that the dif-
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ference in luminance between the areas decreases. Accord-
ingly, the occurrence of flicker is effectively suppressed.
[0195] <6. Others>

[0196] Although in the above-described embodiments a
backlight 13 is configured by red LEDs 23, green LEDs 24,
and blue LEDs 25, the backlight may be configured by white
LEDs, Cold Cathode Fluorescent Lamps (CCFLs), etc. When
the backlight is configured by white LEDs, an area active
drive processing unit 15 may, for example, generate aY image
(luminance image) based on an R image, a G image, anda B
image, perform steps S11 to S18 in the process shown in FIG.
3 on the Y image, and perform step S19 on combinations of
each of the three color images and the Y image.

[0197] Although in the above-described embodiments an
LEDunit 22 includes onered LED 23, one green LED 24, and
one blue LED 25, the number of LEDs of three colors
included in an LED unit 22 may be other than that. For
example, an LED unit 22 may include one red LED 23, one
blue LED 25, and two green LEDs 24. In this case, a backlight
drive circuit 14 controls the two green LEDs 24 such that the
sum of the luminances of the two green LEDs 24 is an LED
luminance determined at step S16.

[0198] Theframe rate ofaliquid crystal display device may
be any; for example, the frame rate may be 30 Hz or 60 Hz or
120 Hz or higher. The higher the frame rate, the smaller the
units in which the luminances of LEDs change, and thus
flicker becomes less noticeable. In addition, in any image
display device including a backlight, by determining an upper
limit value and a lower limit value of LED luminances in the
above-described manner, the same effects as those obtained
by a liquid crystal display device can be obtained.

1. Animage display device having a function of controlling
a luminance of a backlight, the image display device com-
prising:

a display panel including a plurality of display elements;

a backlight including a plurality of light sources;

asignal processing unit that obtains display data and back-
light control data, based on an input image;

a luminance range determining unit that determines an
upper limit value and a lower limit value of luminances
of the light sources;

a panel drive circuit that outputs a signal for controlling
light transmittances of the display elements to the dis-
play panel, based on the display data; and

abacklight drive circuit that outputs a signal for controlling
the luminances of the light sources to the backlight,
based on the backlight control data, wherein

when the signal processing unit obtains the backlight con-
trol data, the signal processing unit divides the input
image into a plurality of areas and obtains aluminance of
light sources corresponding to each area, within a range
between the upper limit value and the lower limit value
which are determined by the luminance range determin-
ing unit.

2. The image display device according to claim 1, further
comprising an average luminance calculating unit that calcu-
lates an average luminance of the input image for one screen,
wherein

the luminance range determining unit determines an upper
limit value and a lower limit value of luminances of the
light sources, based on the calculated average luminance
which is the average luminance calculated by the aver-
age luminance calculating unit.
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3. The image display device according to claim 2, wherein
the luminance range determining unit determines a lower
limit value of luminances of the light sources such that as the
calculated average luminance increases the lower limit value
increases.

4. The image display device according to claim 2, wherein
the luminance range determining unit determines an upper
limit value of luminances of the light sources such that as the
calculated average luminance increases the upper limit value
decreases.

5. The image display device according to claim 1, further
comprising an illuminance detecting unit that detects an illu-
minance received by the display panel, wherein

the luminance range determining unit determines an upper

limit value and a lower limit value of luminances of the
light sources, based on the detected illuminance which is
the illuminance detected by the illuminance detecting
unit.

6. The image display device according to claim 5, wherein
the luminance range determining unit determines a lower
limit value of luminances of the light sources such that as the
detected illuminance increases the lower limit value
increases.

7. The image display device according to claim 5, wherein
the luminance range determining unit determines an upper
limit value of luminances of the light sources such that as the
detected illuminance decreases the upper limit value
decreases.

8. The image display device according to claim 5, wherein
when the detected illuminance is lower than or equal to a
predetermined illuminance, the luminance range determining
unit determines an upper limit value of luminances of the light
sources such that as the detected illuminance decreases the
upper limit value decreases, and determines a lower limit
value of luminances of the light sources such that as the
detected illuminance increases the lower limit value
increases.

9. The image display device according to claim 1, further
comprising a temperature detecting unit that detects a tem-
perature of the backlight, wherein

the luminance range determining unit determines an upper

limit value and a lower limit value of luminances of the
light sources, based on the detected temperature which is
the temperature detected by the temperature detecting
unit.

10. The image display device according to claim 9, wherein
when the detected temperature is higher than or equal to a
predetermined temperature, the luminance range determining
unit determines an upper limit value of luminances of the light
sources such that as the detected temperature increases the
upper limit value decreases.

11. The image display device according to claim 1, further
comprising a moving image ratio calculating unit that deter-
mines for each area whether an image in the area is a moving
image or a still image and calculates, as a screen moving
image ratio, aratio of a number of areas that are determined to
have moving images to a number of the plurality of areas,
based on the input image, wherein

the luminance range determining unit determines an upper

limit value and a lower limit value of luminances of the
light sources, based on the calculated screen moving
image ratio which is the screen moving image ratio
calculated by the moving image ratio calculating unit.
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12. The image display device according to claim 11,
wherein when the calculated screen moving image ratio is
lower than or equal to a predetermined value, the luminance
range determining unit determines a lower limit value of
luminances of the light sources such that as the calculated
screen moving image ratio increases the lower limit value
increases; and when the calculated screen moving image ratio
is higher than or equal to the predetermined value, the lumi-
nance range determining unit determines an upper limit value
of luminances of the light sources such that as the calculated
screen moving image ratio increases the upper limit value
decreases.

13. The image display device according to claim 1, further
comprising a histogram generating unit that generates a his-
togram representing a luminance distribution of the input
image, wherein

the luminance range determining unit determines an upper
limit value and a lower limit value of luminances of the
light sources, based on the histogram generated by the
histogram generating unit.

14. An image display method for an image display device
that has a display panel including a plurality of display ele-
ments; and a backlight including a plurality of light sources,
the image display method comprising:

asignal processing step of obtaining display data and back-
light control data, based on an input image;

a luminance range determining step of determining an
upper limit value and a lower limit value of luminances
of the light sources;

a panel driving step of outputting a signal for controlling
light transmittances of the display elements to the dis-
play panel, based on the display data; and

a backlight driving step of outputting a signal for control-
ling the luminances of the light sources to the backlight,
based on the backlight control data, wherein

in the signal processing step, when the backlight control
data is obtained, the input image is divided into a plu-
rality of areas and a luminance of light sources corre-
sponding to each area is obtained within a range between
the upper limit value and the lower limit value which are
determined in the luminance range determining step.

15. The image display method according to claim 14, fur-
ther comprising an average luminance calculating step of
calculating an average luminance of the input image for one
screen, wherein

in the luminance range determining step, an upper limit
value and a lower limit value of luminances of the light
sources are determined based on the calculated average
luminance which is the average luminance calculated in
the average luminance calculating step.

16. The image display method according to claim 15,
wherein in the luminance range determining step, a lower
limit value of luminances of the light sources is determined
such that as the calculated average luminance increases the
lower limit value increases.

17. The image display method according to claim 15,
wherein in the luminance range determining step, an upper
limit value of luminances of the light sources is determined
such that as the calculated average luminance increases the
upper limit value decreases.

18. The image display method according to claim 14, fur-
ther comprising an illuminance detecting step of detecting an
illuminance received by the display panel, wherein
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in the luminance range determining step, an upper limit
value and a lower limit value of luminances of the light
sources are determined based on the detected illumi-
nance which is the illuminance detected in the illumi-
nance detecting step.

19. The image display method according to claim 18,
wherein in the luminance range determining step, a lower
limit value of luminances of the light sources is determined
such that as the detected illuminance increases the lower limit
value increases.

20. The image display method according to claim 18,
wherein in the luminance range determining step, an upper
limit value of luminances of the light sources is determined
such that as the detected illuminance decreases the upper
limit value decreases.

21. The image display method according to claim 18,
wherein in the luminance range determining step, when the
detected illuminance is lower than or equal to a predeter-
mined illuminance, an upper limit value of luminances of the
light sources is determined such that as the detected illumi-
nance decreases the upper limit value decreases, and a lower
limit value of luminances of the light sources is determined
such that as the detected illuminance increases the lower limit
value increases.

22. The image display method according to claim 14, fur-
ther comprising a temperature detecting step of detecting a
temperature of the backlight, wherein

in the luminance range determining step, an upper limit

value and a lower limit value of luminances of the light
sources are determined based on the detected tempera-
ture which is the temperature detected in the temperature
detecting step.

23. The image display method according to claim 22,
wherein in the luminance range determining step, when the
detected temperature is higher than or equal to a predeter-
mined temperature, an upper limit value of luminances of the
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light sources is determined such that as the detected tempera-
ture increases the upper limit value decreases.

24. The image display method according to claim 14, fur-
ther comprising a moving image ratio calculating step of
determining for each area whether an image in the area is a
moving image or a still image and calculating, as a screen
moving image ratio, a ratio of a number of areas that are
determined to have moving images to a number of the plural-
ity of areas, based on the input image, wherein

in the luminance range determining step, an upper limit

value and a lower limit value of luminances of the light
sources are determined based on the calculated screen
moving image ratio which is the screen moving image
ratio calculated in the moving image ratio calculating
step.

25. The image display method according to claim 24,
wherein in the luminance range determining step, when the
calculated screen moving image ratio is lower than or equal to
a predetermined value, a lower limit value of luminances of
the light sources is determined such that as the calculated
screen moving image ratio increases the lower limit value
increases; and when the calculated screen moving image ratio
is higher than or equal to the predetermined value, an upper
limit value of luminances of the light sources is determined
such that as the calculated screen moving image ratio
increases the upper limit value decreases.

26. The image display method according to claim 14, fur-
ther comprising a histogram generating step of generating a
histogram representing a luminance distribution of the input
image, wherein

in the luminance range determining step, an upper limit

value and a lower limit value of luminances of the light
sources are determined based on the histogram gener-
ated in the histogram generating step.
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