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(7) ABSTRACT

A liquid crystal data calculation section forms, on the basis of
input image data, liquid crystal data to display an image on a
liquid crystal panel. In at least one example embodiment, an
LED data calculation section forms, on the basis of the input
image data, LED data for adjusting an amount of light of an
LED backlight. An LED control section controls an amount
of an output current of an LED power source on the basis of
the LED data, and includes a protection function of limiting
the amount of the output current so that the amount of the
output current does not exceed a predetermined upper limit.
In a case where the amount of the output current of the LED
power source is reduced to the upper limit by the LED control
section, a liquid crystal transmittance correction section cor-
rects the liquid crystal data and increases transmittance so as
to compensate reduction in luminance of the backlight.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR CONTROLLING DISPLAY OF
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a technique by
which display luminance of a liquid crystal display device
employing a local dimming technique can be improved with-
out causing an increase in consumption power.

BACKGROUND ART

[0002] A local dimming type liquid crystal display device
(i.e., a liquid crystal display device employing a local dim-
ming control technique) controls, in accordance with an input
image, luminance ofa backlight and transmittance ofa liquid
crystal panel for each predetermined display area. Specifi-
cally, the liquid crystal display device employing the local
dimming technique controls the backlight to have low lumi-
nance when a luminance area of the input image is low. This
can remarkably reduce light leaking from a dark area, which
light is caused by such a liquid crystal display device that the
backlight always illuminates the whole screen at predeter-
mined luminance, and therefore can greatly improve contrast
in the screen. At the same time, consumption power of the
backlight which mainly consumes electric power in the liquid
crystal display device can be reduced.

[0003] Note that, in a case where an image having a high
APL (average picture level) is inputted to the liquid crystal
display device, luminance of the backlight needs to be
increased with respect to the whole screen. In such case,
consumption power of the liquid crystal display device is
changed depending on a kind, the number, and efficiency of a
light source(s) used in a backlight system.

[0004] A backlight system employing the local dimming
technique generally includes LEDs (light emitting diode). In
recent years, light emitting efficiency of the LEDs has been
improved and is now more efficient than a CCFL (cold cath-
ode fluorescent lamp). Accordingly, the LEDs have been
increasingly used in a backlight system of a large-size liquid
crystal television which has a screen larger than 40 inches.
[0005] However, heat radiation of the LEDs become more
difficult because there is a demand for further thinning of the
backlight system. Since the LEDs are deteriorated due to
heat, an upper limit of an amount of an electric current flow-
ing through the LED:s is set in such a manner that tempera-
tures of the LEDs or the amount of the electric current flowing
through the LEDs are or is monitored by a protection circuit
provided on the backlight system side.

[0006] In the liquid crystal display device employing the
local dimming control technique, the amount of the light
emitted from the LEDs needs to be increased with respect to
the whole screen when the input image has a high APL as
described above. This causes an increase in heat generation of
the LEDs. The protection circuit functions to limit the amount
of the electric current which is calculated on the basis of the
input image and is to be originally supposed to flow through
the LED:s.

[0007] Similarly to the amount of the electric current sup-
posed to flow through the LEDs, transmittance data of the
liquid crystal panel is also calculated on the basis of the input
image. However, the transmittance data is not compensated
when the protection circuit is operated. In a case where an
image having a high APL is inputted, the protection circuit
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limits the amount of the electric current of the LEDs depend-
ing on a characteristic of LED and specification of an electric
power circuit. However, the transmittance data of the liquid
crystal panel is not compensated. This may causes reduction
in luminance of the image that the liquid crystal display
device originally should display.

[0008] FIG. 9 are explanatory views each illustrating an
operation of a local dimming type liquid crystal display
device. FIG. 9(a) illustrates a case where an input image has
a low APL, and FIG. 9(b) illustrates a case where an input
image has a high APL.

[0009] In FIG. 9(a), luminance 102 of an LED and mag-
netic permeability 103 of a liquid crystal panel are obtained
from an input image 101 having alow APL, and then a display
image 104 is displayed. In FIG. 9(b), luminance 106 of an
LED and magnetic permeability 107 of a liquid crystal panel
are obtained from an input image 105 having a high APL, and
then an amount of an electric current of an LED is limited by
a protection circuit. Therefore, a display image 109, which is
displayed on the basis of luminance 108 of the LED (which is
lower than luminance 106 of the LED) and the magnetic
permeability 107 of the liquid crystal panel, has a luminance
lower than the input image 105.

[0010] Animagesignal processing technique has been con-
ventionally used for improving luminance of an image. In
general, inputted image data is subjected to gain processing.
The gain processing is carried out with use of an LUT (look
up table), for example, and is used together with offset addi-
tion as necessary.

[0011] FIG. 10 are explanatory views of a liquid crystal
display device 110 in which inputted image data is subjected
to gain processing on the basis of an LUT 112 of a signal
processing circuit 111. FIG. 10(a) is a block diagram of the
liquid crystal display device 110 in which the inputted image
data is subjected to the gain processing on the basis of the
LUT 112 of the signal processing circuit 111, FIG. 10(b) is a
graph showing an input-output characteristic of the gain pro-
cessing performed based on the LUT 112. FIG. 10(c) is a
graph showing a characteristic of output luminance with
respect to the inputted image data.

[0012] Ina caseof simply applying a gain processing to an
input signal, the output will be saturated at a certain level on
a high-luminance side. If such saturation on the high-lumi-
nance side causes any problem, an output gain is set to be
gradually reduced on the high-luminance side. Meanwhile, if
an output gain on a low-luminance side is lifted, this will
cause reduction in contrast of the image data. For this reason,
the output gains on the low-luminance side are set to be low.
[0013] As a result, the input-output characteristic of the
gain processing is formed into an S-shape in which an output
halftone is lifted as illustrated in FIG. 10(). This improves
output luminance of a halftone as illustrated in FIG. 10(c).
Therefore, although maximum luminance of the image is not
changed, luminance of the image can be substantially
improved in general. As an example of such technique, Patent
Literature 1 discloses a technique for appropriately changing
a gain or an offset in accordance with luminance data of an
input image.

[0014] Such technique for improving luminance of an
image with use of the image signal processing technique is
included as a video signal adjustment function which is pro-
vided in an image processing engine between a tuner and a
panel driving circuit of a television receiver. This technique is
used as a factory shipment setting (also referred to as a picture
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style setting) for manufactures and as an image quality adjust-
ment function for general users.

CITATION LIST
Patent Literature

[0015] Patent Literature 1
[0016] Japanese Patent Application Publication Tokukaihei
No. 1-281497 A (Publication Date: Nov. 13, 1989)

SUMMARY OF INVENTION
Technical Problem

[0017] Incidentally, a television including a local dimming
type liquid crystal display device include, between an image
processing engine and a panel driving circuit, a circuit for
forming data which causes an LED and a liquid crystal panel
to drive in accordance with an input image (hereinafter, such
circuit is referred to as a local dimming driving circuit). In
consideration of a difference in resolution between an LED
backlight and the liquid crystal panel, the local dimming
driving circuit determines, per divisional area, an amount of
light emitted from the LED and transmittance of the liquid
crystal in accordance with an input image.

[0018] The amount of light emitted from the LED is con-
trolled to be smaller with respect to a dark area of the input
image and to be larger with respect to a bright area thereof.
Transmittance of the liquid crystal is adjusted in accordance
with the amount of the light emitted from the LED so that the
display device obtains a desired luminance curve as a whole
(v is generally adjusted to satisfy 2.2).

[0019] FIG. 11 illustrates an operation in a case where an
image 113 having a high APL is inputted to a local dimming
type liquid crystal display device including a local dimming
driving circuit. When the image 113 having a high APL is
inputted to the local dimming liquid crystal display device, an
amount of an LED driving current is limited by the operation
of the protection circuit of the LED, and the amount of the
light emitted from the LED is therefore reduced (as indicated
by a reference sign 115 of FIG. 11). In this case, the lumi-
nance of the whole screen becomes lower than luminance
originally supposed to be emitted.

[0020] In a case where a video signal adjustment function
of an image processing engine (as indicated by reference sign
116 in FIG. 11) is used to improve the luminance of the image
in order to solve such a drawback, a data signal to be supplied
to the local dimming driving circuit is adjusted so that the
luminance will be increased especially for halftones. As per
the data signal, the local dimming driving circuit therefore
attempts to increase the amount of the light emitted from the
LED (as indicated by a reference sign 114 in FIG. 11). How-
ever, the amount of the LED driving current is limited by the
protection circuit (as indicated by a reference sign 115 in FIG.
11). As aresult, luminance of an image to be displayed cannot
be increased (as indicated by a reference sign 117 in F1G. 11).
[0021] The present invention has been made in view of the
aforementioned problem, and an object of the present inven-
tion s to provide a display device and a method for control-
ling display, each of which can prevent reduction in display
luminance without causing an increase in amount of light
emitted from a backlight.

Solution to Problem

[0022] Inorder to attain the aforementioned object, a liquid
crystal display device according to the present invention
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including (i) a liquid crystal display panel in which a plurality
of pixels are arranged and (i1) an area-based control backlight
section including a light emitting diode serving as a light
source and being capable of adjusting an amount of light
emitted from the area-based control backlight section, the
liquid crystal display device, includes: a display data forma-
tion section for forming, on the basis of an input image signal,
display data to display an image on the liquid crystal display
panel; a backlight data formation section for forming, on the
basis of the input image signal, backlight data to adjust the
amount of the light of the area-based control backlight sec-
tion; a protection section for limiting an amount of a driving
current of the area-based control backlight section so that the
amount of the driving current does not exceed a predeter-
mined upper limit; and a display data correction section for
correcting the display data formed in the display data forma-
tion section so as to compensate reduction in luminance of the
backlight in a case where the amount of the driving current of
the area-based control backlight section is reduced to the
upper limit by the protection section.

[0023] According to the aforementioned arrangement, an
area-based control backlight driving is carried out in such a
manner that the display data formation section forms the
display data on the basis of the input image signal, the back-
light data formation section forms the backlight data, the
display data causes the liquid crystal display panel to drive,
and the backlight data causes the area-based control backlight
section to drive. Further, the area-based control backlight
section employs, as the light source, an LED which islikely to
deteriorate due to heat. However, the amount of the driving
current of the area-based control backlight section is limited
by the protection section so as not to exceed the upper limit,
and therefore such deterioration of the LED is prevented.
However, in a case where the protection section limits the
amount of the electric current of the backlight, luminance of
the whole screen becomes lower than luminance which is
originally supposed to be emitted.

[0024] In view of the circumstances, the display data cor-
rection section corrects the display data formed in the display
data formation section to thereby increase the transmittance,
so that the reduction in luminance of the backlight can be
compensated. This makes it possible to prevent the reduction
in the display luminance without causing an increase in
amount of light emitted from a backlight.

[0025] Further, in order to attain the aforementioned object,
the liquid crystal display device according to the present
invention including (i) a liquid crystal display panel in which
aplurality of pixels are arranged and (ii) an area-based control
backlight section including a light emitting diode serving as a
light source and being capable of adjusting an amount of light
emitted from the area-based control backlight section, the
liquid crystal display device, includes: a display data forma-
tion section for forming, on the basis of an input image signal,
display data to display an image on the liquid crystal display
panel; a backlight data formation section for forming, on the
basis of the input image signal, backlight data to adjust the
amount of the light of the area-based control backlight sec-
tion; a display data correction section for increasing transmit-
tance of a liquid crystal by (1) receiving luminance adjustment
information from an outside of the liquid crystal display
device and (ii) correcting, on the basis of the luminance
adjustment information, the display data formed by the dis-
play data formation section.
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[0026] According to the aforementioned arrangement, an
area-based control backlight driving is carried out in such a
manner that the display data formation section forms the
display data on the basis of the input image signal, the back-
light data formation section forms the backlight data, the
display data causes the liquid crystal display panel to drive,
and the backlight data causes the area-based control backlight
section to drive. Further, the display data correction section
corrects the display data on the basis of the luminance adjust-
ment information to thereby increase the transmittance. This
makes it possible to increase in display luminance without
causing an increase in amount of light emitted from a back-
light.

[0027] Further, inorderto attain the aforementioned object,
a method for controlling display of a liquid crystal display
device according to the present invention, including (i) a
liquid crystal display panel in which a plurality of pixels are
arranged and (ii) an area-based control backlight section
including a light emitting diode serving as a light source and
being capable of adjusting an amount of light emitted from
the area-based control backlight section, the liquid crystal
display device, the method includes: a display data formation
step for forming, on the basis ofan input image signal, display
data to display an image on the liquid crystal display panel; a
backlight data formation step for forming, on the basis of the
input image signal, backlight data to adjust the amount of the
light of the area-based control backlight section; a protection
step for limiting an amount of a driving current of the area-
based control backlight section so that the amount of the
driving current does not exceed a predetermined upper limit;
and a display data correction step for correcting the display
data formed in the display data formation step so as to com-
pensate reduction in luminance of the backlight in a case
where the amount of the driving current of the area-based
control backlight section is reduced to the upper limit by the
protection step.

[0028] Further, in orderto attain the aforementioned object,
a method for controlling display of another liquid crystal
display device according to the present invention, including
(i) a liquid crystal display panel in which a plurality of pixels
are arranged and (ii) an area-based control backlight section
including a light emitting diode serving as a light source and
being capable of adjusting an amount of light emitted from
the area-based control backlight section, the method
includes: a display data formation step for forming, on the
basis of an input image signal, display data to display an
image on the liquid crystal display panel; a backlight data
formation step for forming, on the basis of the input image
signal, backlight data to adjust the amount of the light of the
area-based control backlight step; and a display data correc-
tion step for increasing transmittance of a liquid crystal by (i)
receiving luminance adjustment information from an outside
of the liquid crystal display device and (ii) correcting, on the
basis of the luminance adjustment information, the display
data formed by the display data formation section.

Advantageous Effects of Invention

[0029] As described above, a liquid crystal display device
of the present invention including (i) a liquid crystal display
panel in which a plurality of pixels are arranged and (ii) an
area-based control backlight section including a light emit-
ting diode serving as a light source and being capable of
adjusting an amount of light emitted from the area-based
control backlight section, the liquid crystal display device,
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includes: a display data formation section for forming, on the
basis of an input image signal, display data to display an
image on the liquid crystal display panel; a backlight data
formation section for forming, on the basis of the input image
signal, backlight data to adjust the amount of the light of the
area-based control backlight section; a protection section for
limiting an amount of a driving current of the area-based
control backlight section so that the amount of the driving
current does not exceed a predetermined upper limit; and a
display data correction section for correcting the display data
formed in the display data formation section so as to compen-
sate reduction in luminance of the backlight in a case where
the amount of the driving current of the area-based control
backlight section is reduced to the upper limit by the protec-
tion section.

[0030] Therefore, the display data correction section cor-
rects the display data formed in the display data formation
section to thereby increase the transmittance, so that the
reduction in luminance of the backlight can be compensated,
which reduction is caused by the protection section. This
makes it possible to prevent the reduction in the display
luminance without causing an increase in amount of light
emitted from a backlight.

[0031] Further, as described above, the liquid crystal dis-
play device according to another present invention including
(1) a liquid crystal display panel in which a plurality of pixels
are arranged and (ii) an area-based control backlight section
including a light emitting diode serving as a light source and
being capable of adjusting an amount of light emitted from
the area-based control backlight section, the liquid crystal
display device, includes: a display data formation section for
forming, on the basis of an input image signal, display data to
display an image on the liquid crystal display panel; a back-
light data formation section for forming, on the basis of the
input image signal, backlight data to adjust the amount of the
light of the area-based control backlight section; a display
data correction section for increasing transmittance of a lig-
uid crystal by (i) receiving luminance adjustment information
from an outside of the liquid crystal display device and (ii)
correcting, on the basis of the luminance adjustment infor-
mation, the display data formed by the display data formation
section.

[0032] The display data correction section corrects the dis-
play data on the basis of the luminance adjustment informa-
tion to thereby increase the transmittance. This makes it pos-
sible to increase the display luminance without causing an
increase in the amount of the light emitted from the backlight.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1is a block diagram of a liquid crystal display
device according to an example of the present invention.
[0034] FIG. 2 illustrates an operation of the liquid crystal
display device of FIG. 1 in a case where an input image has a
high APL.

[0035] FIG. 3 illustrates an operation of the liquid crystal
display device of FIG. 1 in a case where an input image has a
low APL.

[0036] FIG. 4 are explanatory views illustrating a method
for limiting an amount of an electric current of an LED on the
basis of LED data sent from an LED data calculation section;
FIG. 4(a) is a graph showing a relationship between an APL
of an input image and an amount of an output current of an
LED power source; FIG. 4(b) is a graph showing an operation
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of an LED control section; and FIG. 4(c) is a graph showing
an operation of a liquid crystal transmittance correction sec-
tion.

[0037] FIG. 5 are explanatory views in which, in order to
prevent generation of a clip, the transmittance is controlled on
a high-tone side with use of a correction amount lower than a
correction amount originally supposed to be emitted: FIG.
5(a) is a graph showing a case where characteristics indicated
by () and (B) in FIG. 4(c) are corrected with use of a cor-
rection amount B: and FIG. 5(b) is a graph showing a case
where the characteristics indicated by () and () in FIG. 4(c)
are corrected with use of both the correction amount B and a
correction amount lower than the correction amount B.
[0038] FIG. 6isa block diagram illustrating a liquid crystal
display device according to an embodiment of the present
invention, in which feedforward control is carried out.
[0039] FIG. 7 is a block diagram of a liquid crystal display
device according to another embodiment of the present inven-
tion.

[0040] FIG. 8 is a block diagram of a liquid crystal display
device according to still another embodiment of the present
invention.

[0041] FIG. 9 are explanatory views each illustrating an
operation of aconventional liquid crystal display device; FIG.
9(a) illustrates a case where an input image has a low APL;
and FIG. 9(b) illustrates a case where an input image has a
high APL.

[0042] FIG. 10 are explanatory views of a conventional
liquid crystal display device in which inputted image data is
subjected to gain processing on the basis ofan LUT of a signal
processing circuit; FIG. 10(a) is a block diagram of the con-
ventional liquid crystal display device in which the inputted
image data is subjected to the gain processing on the basis of
the LUT of the signal processing circuit; FIG. 10(5) is a graph
showing an input-output characteristic when the gain pro-
cessing is carried out on the basis of the LUT; and FIG. 10(c)
is a graph showing a characteristic of output luminance with
respect to the inputted image data.

[0043] FIG. 11 illustrates an operation in a case where a
conventional liquid crystal display device including a local
dimming driving circuit receives an image having a high
APL.

DESCRIPTION OF EMBODIMENTS

[0044] Embodiments (Examples 1 to 3) of the present
invention will be described below with reference to FIGS. 1to
7.

Example 1

[0045] FIG.11is ablock diagram of a liquid crystal display
device 1 according to Example 1. The liquid crystal display
device 1includes a local dimming driving circuit 3 (backlight
data formation section, display data formation section), a
liquid crystal transmittance correction section 4 (display data
correction section), a liquid crystal driving circuit 5, a liquid
crystal panel 6 (liquid crystal display panel), an LED control
section 7, an LED power source 8, an LED backlight 9 (area-
based control backlight section, area-based control back-
light), and a temperature sensor section 10. An image adjust-
ment engine 2 is provided to be followed by the liquid crystal
display device 1 in this example, however, the image adjust-
ment engine 2 may be provided inside the liquid crystal
display device 1 instead. A plurality of pixels are arranged in
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the liquid crystal panel 6, the LED backlight 9 includes a
plurality of LEDs (light emitting diodes), and the temperature
sensor section 10 includes a plurality of temperature sensors.
The LED power source 8 supplies an electric current to the
plurality of LEDs.

[0046] The local dimming driving circuit 3 includes a y
transform section 11, a liquid crystal data calculation section
12, and an LED data calculation section 13. The local dim-
ming drive means (i) dividing a display area of the liquid
crystal panel 6 into a plurality of areas and (ii) controlling an
intensity of light emitted from the LEDs, which intensity
corresponds to each area, in accordance with luminance of an
input image for each area.

[0047] An LED is generally used in a light source of a
backlight section of the liquid crystal display device in which
the local dimming drive is carried out so as to adjust lumi-
nance for each area. In a case where the LED is used in the
light source, a protection function (protection section) of
setting an upper limit (upper limit value) of the amount of the
electric current flowing through the LED is provided in order
to prevent the LED from deteriorating due to heat. For this
reason, the present invention is suitably used for local dim-
ming drive, so that this example exemplifies the liquid crystal
display device in which the local dimming drive is carried out.
Note that the local dimming drive is not always necessary for
the present invention, and the present invention is applicable
to a liquid crystal display device in which an LED in a back-
light source is used and an amount of an electric current is
limited for protecting the LED.

[0048] The liquid crystal data calculation section 12
includes a divider 14, a y inverse transform section 15, and a
resolution adjustment section 16. The LED calculation sec-
tion 13 includes a resolution adjustment section 17, a lumi-
nance data formation section 18, and a driving current calcu-
lation section 19.

[0049] An input image data signal (input image signal) is
subjected to image quality adjustment, such as hue adjust-
ment, luminance adjustment, chroma adjustment, edge
enhancement, and noise reduction, by the image adjustment
engine 2. The image data signal, which has been subjected to
the image quality adjustment, is outputted to the local dim-
ming driving circuit 3 of the liquid crystal display device 1.
[0050] Liquid crystal data (display data) and LED data
(backlight data)to display an image on the liquid crystal panel
6 are formed in the local dimming driving circuit 3 on the
basis of the image data signal subjected to the image quality
adjustment. The LED data is formed by obtaining the amount
of the light emitted from the LED of the LED backlight 9 for
each predetermined display area.

[0051] Thelocal dimming driving circuit 3 mainly includes
the y transform section 11, the LED data calculation section
13, and the liquid crystal data calculation section 12. First, the
image data signal supplied to the local dimming driving cir-
cuit 3 is transformed into an optically linear space through v
transform of the y transform section 11. The image data thus
subjected to the y transform is sent to the LED data calculation
section 13 and the liquid crystal data calculation section 12.
[0052] There is a difference between resolution of the lig-
uid crystal panel 6 and resolution of the numbers of divisional
areas of the LED backlight 9, so that the resolution adjust-
ment section 17 of the LED data calculation section 13 adjusts
resolution to the numbers of the divisional areas of the LED
backlight 9 by down-sampling the image data signal sub-
jected to the v transform. The luminance data formation sec-
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tion 18 forms LED luminance data (i.e., luminance data of
light emitting element) on the basis of the image data signal
thus down sampled. That is, the luminance of the whole
display system is mainly formed on the backlight 9 side.
Specifically, the luminance of the LED decreases as the APL
of the input image becomes lower, and in contrast, the lumi-
nance ofthe LED increases as the APL of the input image data
becomes higher.

[0053] The LED luminance data formed in the luminance
data formation section 18 is transformed, in the driving cur-
rent calculation section 19, into a signal for actually driving
the LED backlight 9. At the same time, the LED luminance
data is sent to the resolution adjustment section 16 of the
liquid crystal data calculation section 12.

[0054] The resolution adjustment section 16 of the liquid
crystal data calculation section 12 re-adjusts the LED lumi-
nance data, which has been sent from the LED data calcula-
tion section 13. The readjustment causes the LED luminance
data to be suitable for the resolution of the liquid crystal panel
6. The divider 14 divides the image data signal, which has
been subjected to the y transform, by the LED luminance data,
which is subjected to the resolution adjustment. The y inverse
transform section 15 carries out y inverse transform with
respect to data outputted from the divider 14, and then out-
puts, to the liquid crystal transmittance correction section 4,
the data serving as the liquid crystal data.

[0055] The LED data is outputted from the LED data cal-
culation section 13 of the local dimming driving circuit 3, and
is then sent to the LED control section 7. The LED control
section 7 practically controls to lighten the plurality of LEDs
of the LED backlight 9 on the basis of the LED data thus sent.
[0056] The LED control section 7 includes the protection
function of preventing the LED of the LED backlight 9 from
deteriorating due to heat. Specifically, in a case where the
LED emits light to thereby generate heat and a temperature of
the LED itself exceeds a predetermined level, light emitting
efficiency of the LED is reduced, and in addition, lifetime and
reliability of the LED serving as a device are badly affected.
The LED control section 7 limits the amount of the electric
current which is to supply to the LED, and prevents tempera-
ture of the LED from increasing over a predetermined tem-
perature.

[0057] Onthebasis of the LED data sent from the LED data
calculation section 13, the protection of the LED, i.e., limi-
tation of the amount of the electric current is carried out,
basically in a case where (i) an image inputted to the liquid
crystal display device 1has a high APL and (ii) the amount of
the electric current of the LED power source 8 exceeds a
predetermined threshold unless the amount of the electric
current is limited. In order to protect the LED power source 8
from an overcurrent, the LED control section 7 controls the
amount of the electric current of the LED power source 8 so
that the amount of the electric current of the LED power
source 8 does not exceed the threshold when the LED data
indicates a value higher than the predetermined threshold.
Limitation of the amount of the electric current of the LED
power source 8 is carried out by a protection circuit (power
limiter) included in the LED power source 8.

[0058] Further, the temperature sensor 10 obtains tempera-
ture data of the LED backlight 9 serving as a module. The
LED can be protected not only on the basis of the LED data
sent from the LED data calculation section 13 but also on the
basis of the temperature data sent from the temperature sensor
section 10.
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[0059] Such functional operation for protecting LED
causes the LED control section 7 to appropriately limit the
LED data sent from the local dimming driving circuit 3, so
that the LED control section 7 controls the light emitted from
the LED whereas the luminance of the LED is reduced.
Simultaneously with such control of the light emitted from
the LED, the liquid crystal transmittance correction section 4
receives from the LED control section 7 information relating
to the control of the light emitted from the LED, which is
protection circuit operation information included in the LED
control section 7.

[0060] Theliquid crystal transmittance correction section 4
corrects the liquid crystal data obtained in the local dimming
driving circuit 3 in accordance with the protection circuit
operation information (driving current information). In other
words, the liquid crystal transmittance correction section 4
corrects transmittance of each pixel of the liquid crystal panel
6. In a case where an amount of a driving current of the LED
backlight 9 is reduced to an upper limit by the protection
function, the liquid crystal transmittance correction section 4
corrects the liquid crystal data formed in the local dimming
driving circuit 3 so as to compensate reduction in luminance
of the backlight. The protection circuit operation information
can be defined by a ratio of (i) an actual amount of the electric
current indicated by LED driving output data which is sup-
plied from the LED control section 7 to (ii) an original amount
of the electric current indicated by the LED data which is
supplied from the local dimming driving circuit 3. Alterna-
tively, the protection circuit operation information may be
defined by a ratio of (i) a DUTY ratio of PWM (pulse width
modulation) indicated by the LED data which is supplied
from the local dimming driving circuit 3 to (ii) a DUTY ratio
of an actual LED driving output data which is supplied from
the LED control section 7.

[0061] A current supplied to LED-luminance characteristic
ora DUTY ratio of PWM-luminance characteristic is genet-
ally adjusted to satisfy y=1, i.e., a proportional relationship.
For example, in a case where a ratio indicated by the protec-
tion circuit operation information is 90%, the luminance of
the LED is reduced by 10% from luminance indicated by the
LED data.

[0062] In order to compensate the reduction in luminance
ofthe LED, the liquid crystal transmittance correction section
4 corrects the liquid crystal data so as to increase transmit-
tance of the liquid crystal panel 6. Since the reduction in
luminance ofthe LED is 10% in the aforementioned example,
a transmittance curve of the liquid crystal of the liquid crystal
panel 6 is corrected. In this way, the transmittance of the
liquid crystal panel 6 is corrected to be increased by 10%.
Note that, when lifting the transmittance curve simply, a clip
is generated (i.e., a state in which the transmittance is satu-
rated is generated in a continuous tone range because the
transmittance attempts to exceed maximum transmittance
and then is reduced to the maximum transmittance: see FIG.
5(a)) on a high-tone side. Accordingly, the transmittance
curve is desirably corrected so that the transmittance is gradu-
ally saturated in the vicinity of the high-tone side. Note that,
when an input image has a high APL (average picture level),
the luminance of the LED data is averagely brightened and
the transmittance of the liquid crystal data (LCD data) is
averagely lowered by the local dimming driving circuit 3.
Therefore, the clip generated on the high-luminance side does
not causes any problem in most cases. Note that the reason
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why the transmittance of the liquid crystal data is low when an
input image has a high APL is as follows.

[0063] First, in the local dimming type liquid crystal dis-
play device, the input image, which has been subjected to y
transform, is subjected to down sampling for each divisional
area so as to adjust resolution of the input image to resolution
of the LED (FIG. 1, resolution adjustment section 17), and
then the LED luminance data is formed (FIG. 1, luminance
data formation section 18). Next, the input image subjected to
the y transform is divided by the LED data whose resolution
has been re-adjusted to the resolution of the liquid crystal
(FIG. 1, resolution adjustment section 16), and is then sub-
jected to y inverse transform. In this way, the liquid crystal
data is obtained.

[0064] Inacasewhereanimage hasahigh APL (bright and
high luminance as a whole), the LED luminance data formed
in the luminance data formation section 18 becomes large
value, so that the liquid crystal data which is a calculation
result in the divider 14 becomes small value (low transmit-
tance).

[0065] The liquid crystal data, which has been corrected in
the liquid crystal transmittance correction section 4, is dis-
played on the liquid crystal panel 6 by the liquid crystal
driving circuit 5. The liquid crystal panel 6 and the LED
backlight 9 having the controlled luminance are combined
with each other, which in turn reproduce the input image data.
[0066] An operation of the liquid crystal display device
according to Example 1 will be described below in more
detail.

[0067] FIG. 2 illustrates an operation of the liquid crystal
display device 1 in a case where the amount of the electric
current of the LED is limited because the input image has a
high APL. The local dimming driving circuit 3 forms both
LED data 21 and liquid crystal data 22 based on data of an
input image 20 whose image quality has been appropriately
adjusted, as necessary, when the APL is high.

[0068] The LED data 21 is sent to the LED control section
7, and the LED control section 7 forms LED driving output
data 23 based on the LED data 21 thus sent. Then the LED
driving output data 23 is outputted to the LED backlight 9. In
this way, lightening of the LED backlight 9 is carried out
under control.

[0069] In order to protect the LED power source 8 from
overcurrent, the amount of the electric current of the LED
power source 8 is limited by the protection circuit of the LED
power source 8 when the amount of the electric current of the
LED power source 8 exceeds a predetermined threshold.
Therefore, in a case where the amount of the electric current
of the LED power source 8 is limited, the LED driving output
data 23 is corrected. The LED driving output data 23 thus
corrected has luminance lower than the LED data 21.

[0070] The transmittance of the liquid crystal data 22
obtained in the local dimming driving circuit 3 is appropri-
ately corrected in the liquid crystal transmittance correction
section 4 in accordance with the protection circuit operation
information (driving current information). The liquid crystal
data 22 thus corrected becomes corrected liquid crystal data
24.

[0071] The corrected liquid crystal data 24 and the LED
driving output data 23 thus corrected are combined with each
other to thereby reproduce finally the input image data to be
displayed as a display image 25.

[0072] FIG. 3 illustrates an operation of the liquid crystal
display device 1 in a case where the amount of the electric
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current of the LED is not limited because the input image has
a low APL. The local dimming driving circuit 3 forms both
LED data 27 and liquid crystal data 28 based on data of an
input image 26 whose image quality has been appropriately
adjusted, as necessary, when the APL is low.

[0073] The LED data 27 is sent to the LED control section
7, and the LED control section 7 outputs to the LED backlight
9 LED driving output data based on the LED 27 thus sent. In
this way, lightening of the LED backlight 9 is carried out
under control.

[0074] At this time, the amount of the electric current of the
LED power source 8 is not limited by the protection circuit of
the LED power source 8 because the amount of the electric
current of the LED power source 8 does not exceed a prede-
termined threshold. Therefore, the LED control section 7
outputs as the LED driving output data the LED data 27
without any changes.

[0075] Inacase where the amount of the electric current of
the LED power source 8 is not limited, the liquid crystal
transmittance correction section 4 does not correct the liquid
crystal data 28. Therefore, the liquid crystal transmittance
correction section 4 outputs the liquid crystal data 28 to the
liquid crystal driving circuit 5 in such a way that the liquid
crystal data 28 that the local dimming driving circuit 3 has
obtained is supplied as such to the liquid crystal driving
circuit 5. Accordingly, the liquid crystal data 28 and the LED
driving output data are combined to reproduce finally the
input image data displayed as a display image 30.

[0076] Next, a method for limiting the amount of the elec-
tric current of the LED on the basis of the LED data sent from
the LED data calculation section 13 will be described.
[0077] FIG. 4 are explanatory views illustrating a method
for limiting the amount of the electric current of the LED on
the basis of the LED data sent from the LED data calculation
section 13.InFIGS. 4(a) to 4(c), (o) shows a state in which an
amount of an output current of the LED power source 8 is not
limited because an APL of the input image is low. Further, ()
and (9) each show a state in which an amount of an output
current of the LED power source 8 is limited because an APL
of an input image is high. The amount of the electric current
is limited more in the state of (3) than the state of () because
the APL is higher in the state of () than the state of (). Note
that (o), (f), and (3) in FIG. 4(a) correspond to (o), (B), and
(8) in each of FIGS. 4(b) and 4(c).

[0078] FIG. 4(a) is a graph showing a relationship between
the APL of the input image and the amount of the output
current of the LED power source 8. In a case where the APL
of the input image is low as shown in (o) of FIG. 4(a), the
amount of the output current of the LED power source 8 is
equal to or lower than an electric current limited amount
I_limit. Accordingly, the amount of the output current is not
limited.

[0079] Meanwhile, the amount of the electric current for
lighting the LED is increased as the APL of the input image is
increased. Consequently, the amount of the output current
reaches and becomes equal to the electric current limited
amount I_limit ((p) and (8) of FIG. 4(a)). A difference Al,
which is generated between the electric current limited
amount [_limit and the amount of the electric current origi-
nally supposed to be supplied, becomes larger in the state of
(8) than in the state of (p) because () has a higher APL than
®.

[0080] As illustrated in FIG. 4(b), the LED control section
7 is operated in accordance with output current amount infor-
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mation received from the LED power source 8. More specifi-
cally, the LED control section 7 reduces an output LED_out
of the LED data (with respect to an input LED_in of the LED
data) from (ct) to () in this order in FIG. 4(b) as the APL of
the input image is increased from (c) to (8) in this order in
FIG. 4(a). Note that the LED data is outputted as indicated by
the characteristic of (ct) illustrated in FIG. 4(b) as long as the
amount of the output current of the LED power source 8 in
FIG. 4(a) does not exceed the electric current limited amount
I_limit.

[0081] Further, the input LED_in of the LED data and the
output LED_out of the LED data satisfy the following equa-
tions (1) and (2).

LED_out=4-LED_in M
A=I_limiv/(I_limit+Al) @

[0082] As described above, the amount of the light emitted
from the backlight withrespect to the whole screenis adjusted
in accordance with the APL of the input image. Therefore, it
can be prevented that only a part of the screen becomes
unnaturally dark in comparison with the other parts of the
screen, even in a case where the amount of the output current
is limited by the LED power source 8 because an APL of the
input image is high. In addition, it can be also prevented that
a part having an APL equal to or lower than the electric
current limited amount I_limit of the LED power source 8
becomes unnaturally bright.

[0083] However, since the luminance of the LED is in pro-
portion to the amount of the driving current of the LED, the
luminance of the whole screen is reduced to luminance of
Ax1/100[%] when the LED control section 7 is controlled as
illustrated in FIG. 4(b), in comparison with a case where the
output current is not limited.

[0084] In view of the circumstances, the present invention
compensates the luminance for (i) the reduction from (ct) to
(B) in the LED control section 7 and (ii) the reduction from
(o) to () in the LED control section 7 by correcting the
transmittance (FIG. 4(c)) with use of the liquid crystal trans-
mittance correction section 4. This offsets reduction in the
luminance of the LED backlight 9.

[0085] FIG. 4(c) shows a liquid crystal data input-liquid
crystal data output characteristic (transmittance curve) which
is applicable to correction carried out by the liquid crystal
transmittance correction section 4. How to define the trans-
mittance curve will be described below.

[0086] First, in this example, the transmittance of the liquid
crystal transmittance correction section 4 is corrected so as to
compensate the luminance in consideration of a voltage-lu-
minance characteristic of the liquid crystal panel 6 including
the liquid crystal driving circuit 5. The voltage-luminance
characteristic is generally adjusted to satisfy y=2.2. Accord-
ingly, an input and an output of the transmittance curve shown
in FIG. 4(c) are not in proportion to each other, and the
transmittance curve is a curve including y correction.

[0087] Itis possible for the local dimming type liquid crys-
tal display device to form a tone based on the luminance of the
backlight (LED) and a tone based on the transmittance of the
liquid crystal. In a case where the LED backlight and the
liquid crystal panel have resolution of equal level, a tone of
the input image can be reproduced only by keeping a tone of
the liquid crystal (transmittance of the liquid crystal) con-
stantly and controlling the luminance of the LED. The trans-
mittance of the liquid crystal may be always set to 100%.
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[0088] However, an LED backlight of an actual display
device has lower resolution than the liquid crystal panel.
Accordingly, when the transmittance of the liquid crystal is
set to be completely constant, an input image containing a
high-frequency component cannot be reproduced. It is there-
fore necessary to change the transmittance of the liquid crys-
tal.

[0089] Further, there is a difference between the resolution
of the LED backlight and the resolution of the liquid crystal
panel. Therefore, in a case where the liquid crystal data is
divided by the LED data in the divider 14 of the liquid crystal
calculation section 12, a division result sometimes exceeds
one because the LED data does not include a high-frequency
component. In this case, the aforementioned setting requires
the transmittance of the liquid crystal to exceed 100%. To give
a simple example, in case of a pattern in which white display
of a small area exists in black display, LED data having low
resolution is recognized as gray. When a value of white (lig-
uid crystal data) is divided by a value of gray (LED data), a
division result exceeds 1.

[0090] The transmittance of the liquid crystal cannot
exceed 100% practically. In order that the liquid transmit-
tance may not exceed 100%, an region defined by a center
section 31 of FIG. 4(c) has an imaginary transmittance of
100% and a substantially constant tone of the liquid crystal is
set to be relatively low. The luminance of the whole display
device when the region defined by the center section 31 has
the imaginary transmittance of 100% is more reduced than
the luminance of the whole display device when a region
defined by the center section 31 has the actual transmittance
of 100%. Further, a region defined by a right end section 32 of
FIG. 4(c), i.e., the high-tone side is dealt with as a region in
which the imaginary transmittance exceeds 100%, and is
controlled on the basis of both a correction amount B and a
correction amount lower than the correction amount B. Spe-
cifically, the tone is controlled to prevent visually unnatural
luminance and curve of color.

[0091] Meanwhile, the LED data on a low-tone side does
not become zero because there is a difference between reso-
lutions, except for a case where only black is constantly
inputted. It is therefore necessary that, in order to reproduce a
dark area tone, the transmittance of the liquid crystal is set to
be low in aregion defined by a left end section 33 of FIG. 4(c).
Forexample, consider a case where the luminance of the LED
becomes a maximum luminance. In this case, when a part of
the dark area tone exists in an area other than an area corre-
sponding to the maximum luminance of the input image, the
part of the dark area tone cannot be reproduced in the display
image unless the transmittance of the liquid crystal is set to be
remarkably low.

[0092] Thereasonwhy the LED data having low resolution
becomes gray in a case of the pattern in which the white
display of the small area exists in the black display as
described above will be described below. When the LED
luminance data having low resolution is formed from input
image data having high resolution, a high frequency compo-
nent of a signal is reduced and maximum luminance infor-
mation in an input data is lost if general sampling is carried
out through signal processing (e.g., data is reduced after the
signal processing is carried out by low pass filter). Therefore,
a peak of the luminance of an final output image may be lost.
[0093] Accordingly, in a case where some parts having the
maximum luminance exist in an area of the LED (or in the
display image) for carrying out the sampling, the maximum



US 2012/0113164 Al

data may serve as the LED luminance data without carrying
out the general sampling. Note that using the maximum lumi-
nance as the LED luminance data may cause (i) a risk in that
a high-luminance minute noise included in the input data has
an adverse effect on an output or (ii) an increase in consump-
tion power. Accordingly, in a case where the LED luminance
data is actually formed from the input data, the general sam-
pling is basically used, and the maximum luminance is appro-
priately used as necessary depending on an input image. The
maximum luminance (white) is therefore not always used as
the LED luminance dara.

[0094] Note that transmittance with respect to a data input
LCD_dat of the liquid crystal panel is indicated by f{LLCD_
dat), a liquid crystal data input which is inputted to the liquid
crystal transmittance correction section 4 is indicated by
LCD_in, and liquid crystal data output is indicated by LCD_
out. The liquid crystal data input LCD_in and the liquid
crystal data output LCD_out satisfy the following equations
(3) and (4). Note that B indicates the correction amount.

LCD_out=f"{BALCD_in)} )
B=1/4 @
[0095] Note that the clip is generated on the high-tone side

if the equations (3) and (4) are simply used for the correction.
It is therefore desirable that, in order to prevent generation of
the clip, the transmittance is controlled with use of a correc-
tion amount lower than the original correction amount B on
the high-tone side. This control will be described below with
reference to FIG. 5.

[0096] FIG. 5 are explanatory views in which, in order to
prevent generation of a clip, the transmittance is controlled on
the high-tone side with use of a correction amount lower than
the original correction amount B. FIG. 5(a) is a graph show-
ing a case where characteristics indicated by (ct) and () are
corrected with use of only the correction amount B in FIG.
4(c). The liquid crystal transmittance correction section 4 of
FIG. 5(a) corrects the transmittance without use of the cor-
rection amount lower than the correction amount B in a case
of a characteristic indicated by (f}), so that a clip 35 is gener-
ated in a part defined by a reference sign 34 on the high-tone
(high-frequency) side.

[0097] FIG. 5(b) is a graph showing a case where the char-
acteristics indicated by (o) and () in FIG. 4(c) are corrected
with use of both the correction amount B and a correction
amount lower than the correction amount B. The liquid crys-
tal transmittance correction section 4 of FIG. 5(5) corrects the
transmittance with use of both the correction amount B and
the correction amount lower than the correction amount B in
a case of the characteristic indicated by (f8), so that the clip 35
is not generated in the part defined by the reference sign 34.
[0098] The method for limiting the amount of the electric
current of the LED on the basis of the LED data sent from the
LED data calculation section 13 has been described with
reference to FIGS. 4 and 5. As described above, however, the
amount of the electric current of the LED can be limited on
the basis of the LED data and the temperature data sent from
the temperature sensor section 10.

[0099] Inacaseofproviding the temperature sensor section
10 as illustrated in FIG. 1, the temperature sensor section 10
inputs, to the LED control section 7, the temperature data of
the LED backlight 9. The LED control section 7 can be
arranged such that, when the temperature data supplied to the
temperature sensor section 10 exceeds a predetermined set-
ting level, the LED control section 7 reduces, to an electric
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current limited amount, the amount of the electric current
supplied to the LED so as to prevent increase in temperature
of the LED. In a case where the LED control section 7 limits
the amount of the electric current supplied to the LED, pro-
cessing similar to the processing described with reference to
FIGS. 4 and 5 may be carried out. Note that, in a case where
the amount of the electric current of the LED is limited by the
temperature data thus actually measured, the amount of the
electric current of the LED power source 8 does not need to be
reduced to the electric current limited amount unless the
temperature data of the temperature sensor section 10
exceeds the setting level even if the amount of the output
current of the LED data sent to the LED control section 7 from
the LED calculation section 13 exceeds the electric current
limited amount I_limit.

[0100] Further, the description with reference to FIGS. 4
and 5 has been described in no consideration of the local
dimming drive, and the aforementioned control can also be
carried out with respect to all input images inputted to the
liquid crystal display device 1. In a case where the local
dimming drive is carried out, however, the aforementioned
control may be carried out for each LED divisional area in the
backlight. In this case, the amount of the electric current is
locally limited for the each LED divisional area.

[0101] As described above, when an image having a high
APL is inputted to the aforementioned liquid crystal display
device 1, the liquid crystal display device 1 carries out feed-
back control so as to correct the transmittance in such a
manner that the transmittance of the liquid crystal panel is
increased as the amount of the driving current of the LED is
reduced by the LED power source etc. However, the present
invention is not limited to the aforementioned feedback con-
trol, and the following feedfoward control can be employed.
[0102] In a case of the feedfoward control as illustrated in
FIG. 6, an APL of an input image data is calculated. When the
APL thus calculated exceeds a reference value, APL infor-
mation for indicating that the APL exceeds the reference
value is sent to the liquid crystal transmittance correction
section 4 and the LED control section 7. On the basis of the
APL information thus sent, the liquid crystal transmittance
correction section 4 and the LED control section 7 controls
the amount of the electric current and corrects the transmit-
tance in the same way as the feedback control.

[0103] In the feedforward processing, the liquid crystal
transmittance correction section 4 and the LED control sec-
tion 7 carry out their processing on the basis of the same APL
information. This makes it possible to adjust and harmonize
the processing of the liquid crystal transmittance correction
section 4 and processing of the LED control section 7 so that
the display image of the liquid crystal panel 6 is correctly
reproduced on the basis of the input image data signal if the
LED control section 7 does not notify the liquid crystal trans-
mittance correction section 4 of the protection circuit opera-
tion information.

[0104] Note that the liquid crystal transmittance correction
section 4 and the LED control section 7 may adjust the cor-
rection amount of the LED data output and the correction
amount of the liquid crystal data output, respectively, in
accordance with information, e.g., how much the calculated
APL exceeds the reference value.

[0105] Inthe feedfoward control, the APL canbe calculated
in the luminance data formation section 18 (APL calculation
means). When digital processing is carried out, the APL can
be generally calculated from the following equation (5). Note
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that H represents the number of horizontal pixels for one
screen, V represents the number of vertical pixels for one
screen, and Y (i, j) represents luminance value in coordinate
(i, j), and an average luminance for one screen can be calcu-
lated from the equation (5).

APL=1/(HxV)xEY(ij) ©)

[0106] The APL is calculated from the equation (5) gener-
ally with use of a digital pixel value which is not subjected to
the y transform yet. In the liquid crystal display device 1 of
FIG. 1, the image data signal subjected to the resolution
adjustment is subjected to the y transform in the y transform
section 11 of the local dimming driving circuit 3, and hence,
in a case where an APL is calculated in the luminance data
formation section 18 of FIG. 1. the signal supplied to the
luminance data formation section 18 from the resolution
adjustment section 17 needs to be returned by the y inverse
transform (gamma inverse transform).

Example 2

[0107] Another embodiment of the present invention will
be described below with reference to FIG. 7. Note that an
arrangement that is not described in Example 2 is the same as
in Example 1. Further, for the sake of easy explanation, mem-
bers and configurations having the like functions as the fig-
ures described in Example 1 are denoted by the like reference
signs and the detailed description thereof is omitted.

[0108] FIG. 7 is a block diagram of a liquid crystal display
device 36 according to Example 2. The liquid crystal display
device 35 is different from the liquid crystal display device 1
of FIG. 1 in that the liquid crystal transmittance correction
section 4 is provided in the local dimming driving circuit 3.
The liquid crystal display device 36 includes theliquid crystal
transmittance correction section 4 between the divider 14 and
the y inverse transform section 15.

[0109] The local dimming driving circuit 3 is generally
formed as an LSI (large scale integrated circuit) because the
local dimming driving circuit 3 is a large scale circuit. Unlike
the local dimming driving circuit 3 of FIG. 1, the local dim-
ming driving circuit 3 of FIG. 7 is arranged such that the
liquid crystal transmittance correction section 4 is provided
inside the LSI and buses of input and output signals of the
liquid crystal transmittance correction section 4 are provided
inside the LSI. This makes it possible to obtain wider bus
widths of the input and output signals in comparison with a
case where the liquid crystal transmittance correction section
4 is provided outside the local dimming driving circuit 3 as
illustrated in FIG. 1. As a result, calculation accuracy is
improved.

[0110] Further, the arrangement of FIG. 7 in which the
liquid crystal transmittance correction section 4 is included in
the local dimming driving circuit 3 is different from the
arrangement of FIG. 1. Processing of the liquid crystal trans-
mittance correction section 4 is undergone before processing
of the y inverse transform section 15. Unlike FIG. 4(c), when
the liquid crystal correction section 4 of FIG. 7 corrects the
transmittance, the liquid crystal correction section 4 does not
need to compensate the luminance in consideration of the
voltage-luminance characteristic of the liquid crystal panel 6
including the liquid crystal driving circuit 5. This feature is
also different from the arrangement of FIG. 1.

Example 3

[0111] Still another embodiment of the present invention
will be described below with reference to FIG. 8. Note that an
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arrangement that is not described in Example 3 is the same as
in Examples 1 and 2. Further, for the sake of easy explanation,
members and configurations having the like functions as the
figures described in Examples 1 and 2 are denoted by the like
reference signs and the detailed description thereof is omit-
ted.

[0112] FIG. 8 is a block diagram of a liquid crystal display
device 37 according to Example 3. In a case where an LED
has a large enough capacity for an amount of an output current
with sufficient allowance so that an LED protection circuit of
an LED power source is necessary, the liquid crystal display
device 37 according to Example 3 improves its display lumi-
nance, without causing an increase in amount of light emitted
from the LED, i.e., an increase in consumption powet, by
supplying the luminance adjustment information to the liquid
crystal transmittance correction section 4 from the outside the
liquid crystal display device. Note that the liquid crystal dis-
play device 37 of FIG. 8 has an arrangement in which the
liquid crystal transmittance correction section 4 is provided in
the local dimming driving circuit 3, similarly to the liquid
crystal display device 36 of Example 2. However, the liquid
crystal display device 37 of FIG. 8 may be arranged such that
the liquid crystal transmittance correction section 4 is pro-
vided by which the local dimming driving circuit 3 is fol-
lowed, similarly to the liquid crystal display device 1 of
Example 1.

[0113] If the image quality is adjusted by the image pro-
cessing engine 2 as is conventionally performed, the local
dimming driving circuit 3 controls to increase the amount of
the light emitted from the LED, and therefore the consump-
tion power is increased. However, the display luminance of
the liquid crystal display device 37 according to Example 3
can be improved by transmittance correction of the liquid
crystal transmittance correction section 4, irrespective of the
amount of the light emitted from the LED. This does not cause
increase in the consumption power.

Summary of Embodiments

[0114] The liquid crystal display devices 1 and 36 each can
be arranged such that the liquid crystal transmittance correc-
tion section 4 receives protection circuit operation informa-
tion of the LED backlight 9 from the protection section and
the liquid crystal data is corrected on the basis of the protec-
tion circuit operation information.

[0115] According to the aforementioned arrangement, the
liquid crystal transmittance correction section 4 can correct
the liquid crystal data by performing feedback control based
on the protection circuit operation information of the protec-
tion section.

[0116] Further, each of the liquid crystal display devices 1
and 36 may include the luminance data formation section 18
in which an average picture level of the display image 25 is
obtained on the basis of the input image data signal, and may
arranged such that the protection section controls the amount
of the driving current of the LED backlight 9 on the basis of
the average picture level of the display image 25, which
average picture level is calculated in the luminance data for-
mation section 18, and the liquid crystal transmittance cor-
rection section 4 corrects the liquid crystal data on the basis of
the average picture level of the display image 25, which
average picture level is calculated in the luminance data for-
mation section 18,

[0117] According to the aforementioned arrangement, the
liquid crystal transmittance correction section 4 can correct
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the liquid crystal data by performing feedforward control
based on the average picture level of the display image 25,
which average picture level is calculated by the luminance
data formation section 18.

[0118] Further, the liquid crystal display devices 1 and 36
may be arranged such that (1) the LED backlight 9 is an
area-based control backlight capable of adjusting an amount
of light for each of the plurality of divisional areas and, (i) in
each area of the LED backlight 9, the amount of the driving
current is limited by the protection section and the liquid
crystal data is corrected by the liquid crystal transmittance
correction section 4.

[0119] According to the aforementioned arrangement, the
LED backlight 9 is divided into the plurality of divisional
areas, and therefore an optimal value of the backlight can be
set for each divisional area, which in turn can reduce the
consumption power of the whole backlight.

[0120] Further, the liquid crystal display device 37 may be
arranged such that the LED backlight 9 is an area-based
control backlight capable of adjusting an amount of light for
each of the plurality of divisional areas. Each area of the LED
backlight 9 has an arrangement in which the liquid crystal
datais corrected by the liquid crystal transmittance correction
section 4.

[0121] According to the aforementioned arrangement, the
LED backlight 9 is divided into the plurality of divisional
areas, and therefore an optimal value of the backlight can be
set for each divisional area, which in turn can reduce the
consumption power of the whole backlight.

[0122] Further, the liquid crystal display device 37 may
arranged such that the liquid crystal transmittance correction
section 4 is provided inside the display data formation sec-
tion.

[0123] Further, a method for controlling display of each of
the liquid crystal display devices 1 and 36 according to the
examples, including, (i) a liquid crystal panel 6 in which a
plurality of pixels are arranged, and (ii) an LED backlight 9
including an LED (light emitting diode) serving as a light
source and being capable of adjusting an amount of light
emitted from the LED backlight 9, the method includes: a
liquid crystal data formation step (display data formation
step) for forming, on the basis of an input image data signal,
liquid crystal data to display an image on the liquid crystal
panel 6; a backlight data formation step for forming, on the
basis of the input image data signal, backlight data to adjust
the amount of the light of the LED backlight 9; a protection
step for limiting an amount of a driving current of the LED
backlight 9 so that the amount of the driving current does not
exceed a predetermined upper limit; and a liquid crystal data
correction step (display data correction step) for correcting
the liquid crystal data formed in the liquid crystal data for-
mation step so as to compensate reduction in luminance of the
backlight in a case where the amount of the driving current of
the LED backlight 9 is reduced to the upper limit by the
protection step.

[0124] Further, a method for controlling display of the lig-
uid crystal display device 37 according to this example,
including (i) a liquid crystal panel 6 in which a plurality of
pixels are arranged, and (ii) an LED backlight 9 including an
LED (light emitting diode) serving as a light source and being
capable of adjusting an amount of light emitted from the LED
backlight 9, the method includes: a liquid crystal data forma-
tion step (display data formation step) for forming, on the
basis of an input image data signal, display data to display an
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image on the liquid crystal panel 6; a backlight data formation
step for forming, on the basis of the input image data signal,
backlight data to adjust an amount of emitted light of the LED
backlight 9; and a liquid crystal data correction step (display
data correction step) for increasing transmittance of a liquid
crystal by (i) receiving luminance adjustment information
from an outside of the liquid crystal display device 37 and (ii)
correcting, on the basis of the luminance adjustment infor-
mation, the liquid crystal data formed by the display data
formation step.

[0125] Further, in the methods for controlling display of the
liquid crystal display devices 1, 36, and 37, the LED backlight
9 is an area-based control backlight capable of adjusting an
amount of light for each of the plurality of divisional areas.
Each divisional area of the LED backlight 9 has an arrange-
ment in which each step is controlled by the corresponding
area of the LED backlight 9.

[0126] The present invention is not limited to the descrip-
tion of the embodiments above, and may be modified in
numerous ways by a skilled person as long as such modifica-
tion falls within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0127] A display device and a method for controlling dis-
play according to the present invention each can prevent
reduction in display luminance, without causing an increase
in amount of light emitted from a light emitting element.
Therefore, the display device and the method for controlling
display are suitably applied to a liquid crystal display device
including a backlight unit and a liquid crystal panel.

REFERENCE SIGNS LIST

[0128] 1 liquid crystal display device
[0129] 2 image adjustment engine
[0130] 3 local dimming driving circuit (backlight data

formation section)
[0131] 4 liquid crystal transmittance correction section
(display data correction section)

[0132] 5 liquid crystal driving circuit

[0133] 6 liquid crystal panel (liquid crystal display
panel)

[0134] 7 LED control section

[0135] 8 LED power source

[0136] 9 LED backlight (area-based control backlight

section, area-based control backlight)

[0137] 10 temperature sensor section

[0138] 11y transform section

[0139] 12 liquid crystal data calculation section

[0140] 13 LED data calculation section

[0141] 14 divider

[0142] 15y inverse transform section

[0143] 16 resolution adjustment section

[0144] 17 resolution adjustment section

[0145] 18 luminance data formation section (APL calcu-

lation means)

[0146] 19 driving current calculation section
[0147] 20 input image

[0148] 21 LED data

[0149] 22 liquid crystal data

[0150] 23 LED driving output data
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[0151] 24 corrected liquid crystal data

[0152] 25 display image

[0153] 26 input image

[0154] 27 LED data

[0155] 28 liquid crystal data

[0156] 30 display image

[0157] 31 center section

[0158] 32 right end section

[0159] 33 left end section

[0160] 34 reference sign

[0161] 35clip

[0162] 36 liquid crystal display device

[0163] 37 liquid crystal display device

[0164] B correction amount

[0165] I electric current limited amount

1. A liquid crystal display device including (i) a liquid
crystal display panel in which a plurality of pixels are
arranged and (ii) an area-based control backlight section
including a light emitting diode serving as a light source and
being capable of adjusting an amount of light emitted from
the area-based control backlight section, the liquid crystal
display device comprising:

adisplay data formation section for forming, on the basis of
an input image signal, display data to display an image
on the liquid crystal display panel;

abacklight data formation section for forming, on the basis
of the input image signal, backlight data to adjust the
amount of the light of the area-based control backlight
section;

a protection section for limiting an amount of a driving
current of the area-based control backlight section so
that the amount of the driving current does not exceed a
predetermined upper limit; and

adisplay data correction section for correcting the display
data formed in the display data formation section so as to
compensate reduction in luminance of the backlightina
case where the amount of the driving current of the
area-based control backlight section is reduced to the
upper limit by the protection section.

2. The liquid crystal display device according to claim 1,
wherein the display data correction section receives, from the
protection section, driving current information of the area-
based control backlight section, and corrects the display data
on the basis of the driving current information.

3. The liquid crystal display device according to claim 1,
further comprising:

APL calculation means for obtaining an average picture
level of a display image on the basis of the input image
signal, wherein:

the protection section controls the amount of the driving
current of the area-based control backlight section on the
basis of the average picture level of the display image,
which average picture level is calculated by the APL
calculation means; and

the display data correction section corrects the display data
on the basis of the average picture level of the display
data, which average picture level is calculated by the
APL calculation means.

4. The liquid crystal display device according to claim 1,

wherein:

the area-based control backlight section is an area-based
control backlight which is divided into a plurality of
divisional areas and is capable of adjusting an amount of
light per each of the plurality of divisional areas; and
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per each of the plurality of divisional areas, (i) the protec-
tion section limits the amount of the driving current and
(ii) the display data correction section corrects the dis-
play data.

5. A liquid crystal display device including (i) a liquid
crystal display panel in which a plurality of pixels are
arranged and (ii) an area-based control backlight section
including a light emitting diode serving as a light source and
being capable of adjusting an amount of light emitted from
the area-based control backlight section, the liquid crystal
display device comprising:

adisplay data formation section for forming, on the basis of

an input image signal, display data to display an image
on the liquid crystal display panel;

abacklight data formation section for forming, on the basis

of the input image signal, backlight data to adjust the
amount of the light of the area-based control backlight
section; and
a display data correction section for increasing transmit-
tance of a liquid crystal by (i) receiving luminance
adjustment information from an outside of the liquid
crystal display device and (ii) correcting, on the basis of
the luminance adjustment information, the display data
formed by the display data formation section.
6. The liquid crystal display device according to claim 5,
wherein:
the area-based control backlight section is an area-based
control backlight which is divided into a plurality of
divisional areas and is capable of adjusting the amount
of the light per each of a plurality of divisional areas; and

the display data correction section corrects the display data
per each divisional area of the area-based control back-
light section.

7. The liquid crystal display device according to claim 1,
wherein the display data correction section is provided inside
the display data formation section.

8. A method for controlling display of a liquid crystal
display device including (i) a liquid crystal display panel in
which a plurality of pixels are arranged and (ii) an area-based
control backlight section including a light emitting diode
serving as a light source and being capable of adjusting an
amount of light emitted from the area-based control backlight
section, the liquid crystal display device, the method com-
prising:

adisplay data formation step for forming, on the basis of an

input image signal, display data to display an image on
the liquid crystal display panel;

abacklight data formation step for forming, on the basis of

the input image signal, backlight data to adjust the
amount of the light of the area-based control backlight
section;

aprotection step for limiting an amount ofa driving current

of the area-based control backlight section so that the
amount of the driving current does not exceed a prede-
termined upper limit; and

a display data correction step for correcting the display

data formed in the display data formation step so as to
compensate reduction in luminance of the backlight in a
case where the amount of the driving current of the
area-based control backlight section is reduced to the
upper limit by the protection step.

9. A method for controlling display of a liquid crystal
display device including (i) a liquid crystal display panel in
which a plurality of pixels are arranged and (ii) an area-based
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control backlight section including a light emitting diode
serving as a light source and being capable of adjusting an
amount of light emitted from the area-based control backlight
section, the method comprising:
adisplay data formation step for forming, on the basis of an
input image signal, display data to display an image on
the liquid crystal display panel;
abacklight data formation step for forming, on the basis of
the input image signal, backlight data to adjust the
amount of the light of the area-based control backlight
step; and
adisplay data correction step for increasing transmittance
of aliquid crystal by (i) receiving luminance adjustment
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information from an outside of the liquid crystal display
device and (ii) correcting, on the basis of the luminance
adjustment information, the display data formed by the
display data formation section.

10. The method for controlling display of a liquid crystal

display device according to claim 8, wherein:

the area-based control backlight section is an area-based
control backlight which is divided into a plurality of
divisional areas and is capable of adjusting the amount
of the light per each of a plurality of divisional areas; and

all the steps are carried out per each divisional area of the
area-based control backlight section.
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