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(54) IMAGE DISPLAY DEVICE

(57) An area active drive processing unit (15) ob-
tains, based on an input image (31), liquid crystal data
(32) which is used to drive a liquid crystal panel (11) and
LED data (33) which is used to drive a backlight (13).
When obtaining the LED data (33), the input image (31)
is divided into a plurality of areas, a maximum value Ma
and a mean value Me of luminances of pixels in each
area are determined, and weighted averaging of the max-
imum value Ma and the mean value Me is performed,
whereby luminances of LEDs (23) to (25) provided in the
area are determined. A coefficient α which is used for
weighted averaging changes according to the mean val-
ue Me. An LED luminance acceleratingly rises from the
mean value Me and approaches the maximum value Ma
as the mean value Me increases. Accordingly, flicker and
a reduction in luminance occurring in an image display
device that performs backlight dimming are prevented.
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Description

TECHNICAL FIELD

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

BACKGROUND ART

[0002] In image display devices having a backlight such as liquid crystal display devices, by controlling a luminance
of the backlight based on an input image, power consumption of the backlight can be suppressed and image quality of
a displayed image can be improved. Particularly, by dividing a screen into a plurality of areas and controlling, based on
an input image in an area, luminances of backlight light sources provided in the area, a further reduction in power
consumption and a further improvement in image quality are enabled. Hereinafter, a method to drive a display panel
while the luminances of backlight light sources are thus controlled based on an input image in an area is referred to as
"area active drive".
[0003] Image display devices that perform area active drive use, for example, LEDs (Light Emitting Diodes) of three
RGB colors or white LEDs, as backlight light sources. For a method to determine luminances of these LEDs, the following
two methods are conventionally known. A first method is a method (hereinafter, referred to as a Max scheme) to determine
luminances of LEDs provided in an area, based on a maximum value of the luminances of pixels in the area. A second
method is a method (hereinafter, referred to as a Mean scheme) to determine luminances of LEDs provided in an area,
based on a mean value of the luminances of pixels in the area.
[0004] Generally, the number of LEDs included in a backlight is less than the number of pixels of a display panel.
Hence, when a moving image is displayed by area active drive, a maximum value (or a mean value) of the luminances
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.
In image display devices that perform area active drive, it is a key problem to prevent flicker in moving image display.
[0005] Note that in relation to the invention of this case the following prior art documents are known. Patent Document
1 describes that a backlight is configured by arranging cold cathode fluorescent lamps and light-emitting diodes in an
adjacent manner and a cold cathode fluorescent lamp and a light-emitting diode are combined and driven according to
a luminance of a screen. Patent Document 2 describes that a lightness distribution of illumination light from illumination
means made of a plurality of light sources is calculated and image data is corrected based on the calculated lightness
distribution. Patent Document 3 describes that, in an image display device that dynamically and variably controls the
light emission luminances of backlight light sources, a luminance level of an on-screen display image signal is variably
controlled according to the light emission luminances of the backlight light sources.

[Patent Document 1] Japanese Patent Application Laid-Open No. 2003-140110
[Patent Document 2] Japanese Patent Application Laid-Open No. 2005-309338
[Patent Document 3] Japanese Patent Application Laid-Open No. 2005-321423

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] However, the above-described Max scheme and Mean scheme each have a problem (see description about
Figs. 6 and 10 which will be described later). The Max scheme has an advantage in that an image can be displayed at
a proper luminance but has a problem that flicker in moving image display is large and due to the large flicker an area
size cannot be increased. On the other hand, the Mean scheme has an advantage in that flicker is small and thus an
image quality improvement effect is higher than in the Max scheme but has a problem that a reduction in luminance
occurs and thus an image cannot be displayed at a proper luminance. Generally, it can be said that the Max scheme is
weak in moving image display and the Mean scheme is weak in still image display.
[0007] An object of the present invention is therefore to provide an image display device that performs area active
drive, which can prevent both flicker in moving image display and a reduction in luminance in still image display.

MEANS FOR SOLVING THE PROBLEMS

[0008] A first aspect of the present invention provides an image display device having a function of controlling a
luminance of a backlight, the image display device including: a display panel including a plurality of display elements; a
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backlight including a plurality of light sources; a signal processing unit for obtaining display data and backlight control
data based on an input image; a panel drive circuit for outputting a signal for controlling light transmittances of the display
elements, to the display panel based on the display data; and a backlight drive circuit for outputting a signal for controlling
luminances of the light sources, to the backlight based on the backlight control data, wherein when obtaining the backlight
control data, the signal processing unit divides the input image into a plurality of areas, determines a maximum value
and a mean value of luminances of pixels in each of the areas, and determines luminances of light sources provided in
each of the areas based on the determined maximum value and mean value.
[0009] A second aspect of the present invention provides the image display device in the first aspect of the present
invention, wherein the signal processing unit determines the luminances of the light sources by performing weighted
averaging of the maximum value and the mean value.
[0010] A third aspect of the present invention provides the image display device in the second aspect of the present
invention, wherein the signal processing unit performs weighted averaging of the maximum value and the mean value,
assigning a weight that changes according to the mean value.
[0011] A fourth aspect of the present invention provides the image display device in the third aspect of the present
invention, wherein the signal processing unit performs weighted averaging of the maximum value and the mean value
in such a manner that higher the mean value, higher a weight assigned to the maximum value and lower a weight
assigned to the mean value.
[0012] A fifth aspect of the present invention provides the image display device in the third aspect of the present
invention, wherein the signal processing unit performs weighted averaging of the maximum value and the mean value
in such a manner that higher the mean value, more greatly the weight changes.
[0013] A sixth aspect of the present invention provides the image display device in the second aspect of the present
invention, wherein when the signal processing unit judges that a change in the luminances of pixels in each of the areas
is small, the signal processing unit performs weighted averaging of the maximum value and the mean value in such a
manner that a weight higher than previous is assigned to the maximum value and a weight lower than previous is
assigned to the mean value.
[0014] A seventh aspect of the present invention provides the image display device in the first aspect of the present
invention, wherein when the input image is a still image, the signal processing unit determines the luminances of the
light sources based on the maximum value.
[0015] An eighth aspect of the present invention provides an image display method for an image display device having
a display panel including a plurality of display elements and a backlight including a plurality of light sources, the image
display method including the steps of: obtaining display data and backlight control data based on an input image;
outputting a signal for controlling light transmittances of the display elements, to the display panel based on the display
data; and outputting a signal for controlling luminances of the light sources, to the backlight based on the backlight
control data, wherein in the steps of obtaining the display data and the backlight control data, when obtaining backlight
control data, the input image is divided into a plurality of areas, a maximum value and a mean value of luminances of
pixels in each of the areas are determined, and luminances of light sources provided in each of the areas are determined
based on the determined maximum value and mean value.

EFFECTS OF THE INVENTION

[0016] According to the first or eighth aspect of the present invention, by determining luminances of light sources
based on both a maximum value and a mean value of the luminances of pixels, flicker in moving image display can be
suppressed more over a scheme using only the maximum value and a reduction in luminance in still image display can
be suppressed more over a scheme using only the mean value. Accordingly, both flicker in moving image display and
a reduction in luminance in still image display can be prevented.
[0017] According to the second aspect of the present invention, by performing weighted averaging of a maximum
value and a mean value of the luminances of pixels, luminances of light sources based on both the maximum value and
the mean value can be easily determined and both flicker in moving image display and a reduction in luminance in still
image display can be prevented.
[0018] According to the third aspect of the present invention, by changing a weight that is used when weighted averaging
is performed, according to a mean value of the luminances of pixels, the luminances of light sources are brought close
to a maximum value or the mean value of the luminances of the pixels, according to an input image, enabling to prevent
both flicker in moving image display and a reduction in luminance in still image display.
[0019] According to the fourth aspect of the present invention, when a mean value of the luminances of pixels is high,
the luminances of light sources are brought close to a maximum value of the luminances of the pixels, whereby flicker
which is noticeable when an input image is dark can be prevented and a reduction in luminance which is problematic
when an input image is bright can be prevented.
[0020] According to the fifth aspect of the present invention, the higher the mean value of the luminances of pixels,
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the more greatly a weight that is used when weighted averaging is performed changes. Hence, as the mean value
increases, the luminances of light sources acceleratingly increase and thus rapidly approach a maximum value of the
luminances of the pixels. Accordingly, a reduction in luminance which is problematic when an input image is bright can
be more effectively prevented.
[0021] According to the sixth aspect of the present invention, even when luminances do not change or when an amount
of change in luminances is small, the luminances of light sources gradually increase and reach a maximum value of the
luminances of pixels in the end. Accordingly, a reduction in luminance in still image display can be completely prevented.
[0022] According to the seventh aspect of the present invention, when an input image is a still image, luminances of
light sources are determined based on a maximum value of pixels, whereby a reduction in luminance in still image display
can be immediately and completely prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a block diagram showing a configuration of a liquid crystal display device according to a first and a second
embodiment of the present invention.
Fig. 2 is a diagram showing a detail of a backlight shown in Fig. 1.
Fig. 3 is a flowchart showing a process of an area active drive processing unit of a liquid crystal display device
according to the first embodiment of the present invention.
Fig. 4 is a diagram showing an example of a correspondence relationship between a mean value of luminances of
pixels in an area and a coefficient α in the liquid crystal display device according to the first embodiment of the
present invention.
Fig. 5 is a diagram showing a process of obtaining liquid crystal data and LED data in the liquid crystal display device
according to the first embodiment of the present invention.
Fig. 6 is a diagram showing an example of a screen where flicker occurs with a conventional Max scheme.
Fig. 7 is a diagram showing, in a comparative manner, changes in luminances of LEDs when the screen shown in
Fig. 6 is displayed.
Fig. 8 is a flowchart of a coefficient determination process performed by a liquid crystal display device according to
the second embodiment of the present embodiment.
Fig. 9 is a diagram showing an example of a correspondence relationship between a mean value of luminances of
pixels in an area and a coefficient α in the liquid crystal display device according to the second embodiment of the
present invention.
Fig. 10 is a diagram showing an example of a screen where a reduction in luminance occurs with a conventional
Mean scheme.
Fig. 11 is a diagram showing, in a comparative manner, changes in luminances of LEDs when the screen shown
in Fig. 10 is displayed.

DESCRIPTION OF THE REFERENCE NUMERALS

[0024]

10 Liquid crystal display device

11 Liquid crystal panel

12 Panel drive circuit

13 Backlight

14 Backlight drive circuit

15 Area active drive processing unit

21 Display element

22 LED unit
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23 Red LED

24 Green LED

25 Blue LED

31 Input image

32 Liquid crystal data

33 LED data

41 and 51 Area

42 Bar

52 Small region

BEST MODE FOR CARRYING OUT THE INVENTION

(First Embodiment)

[0025] Fig. 1 is a block diagram showing a configuration of a liquid crystal display device according to a first embodiment
of the present invention. A liquid crystal display device 10 shown in Fig. 1 includes a liquid crystal panel 11, a panel
drive circuit 12, a backlight 13, a backlight drive circuit 14, and an area active drive processing unit 15. The liquid crystal
display device 10 performs area active drive in which a screen is divided into a plurality of areas and the liquid crystal
panel 11 is driven while luminances of backlight light sources are controlled based on an input image in an area. 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.
[0026] An input image 31 including an R image, a G image, and a B image is inputted to the liquid crystal display
device 10. Each of the R image, the G image, and the B image includes the luminances of (m x n) pixels. 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).
[0027] The liquid crystal panel 11 includes (m x n x 3) display elements 21. The display elements 21 are arranged
two-dimensionally as a whole 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). Each display
element 21 includes an R display element that allows red light to pass therethrough, a G display element that allows
green light to pass therethrough, and a B display element that allows blue light to pass therethrough. The R display
element, the G display element, and the B display element are arranged side by side in the row direction and three R,
G, and B display elements form one pixel.
[0028] 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 a light transmittance of a display element 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 a pixel electrode (not shown) in the display element 21 and the light transmittance
of the display element 21 changes according to the voltage written into the pixel electrode.
[0029] The backlight 13 is provided on the back side of the liquid crystal panel 11 and irradiates the back of the liquid
crystal panel 11 with backlight light. Fig. 2 is a diagram showing a detail of the backlight 13. As shown in Fig. 2, the
backlight 13 includes (p x q) LED units 22. The LED units 22 are arranged two-dimensionally as a whole 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 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.
[0030] 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 current signal) for controlling luminances of LEDs 23 to 25, to the backlight 13 based on the LED
data 33 outputted from the area active drive processing unit 15. The luminances of the LEDs 23 to 25 are controlled
independently of the luminances of LEDs inside and outside the unit.
[0031] A screen of the liquid crystal display device 10 is divided into (p x q) areas and one area is associated with one
LED unit 22. The area active drive processing unit 15 determines, for each of the (p x q) areas, based on an R image
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in the area, a luminance of a red LED 23 provided in the area. Likewise, a luminance of a 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 determines luminances of all the LEDs 23 to 25 included in the backlight 13 and
outputs LED data 33 representing the determined LED luminances, to the backlight drive circuit 14.
[0032] In addition, the area active drive processing unit 15 determines luminances of backlight lights at all the display
elements 21 included in the liquid crystal panel 11, based on the LED data 33. Furthermore, the area active drive
processing unit 15 determines 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 determined light transmittances to the panel drive circuit 12.
[0033] In the liquid crystal display device 10, the luminance of an R display element is the product of the luminance
of red light emitted from the backlight 13 and the light transmittance of the R display element. Light emitted from one
red LED 23 hits a plurality of areas with a corresponding one area being the center. 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 of the
luminances of lights emitted from a plurality of green LEDs 24 and the light transmittance of the 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 of the B display element.
[0034] According to the liquid crystal display device 10 configured in the above-described manner, by obtaining suitable
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 controlling 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 luminances of pixels in an area
are low, by reducing the luminances of LEDs 23 to 25 provided in the area, power consumption of the backlight 13 can
be reduced. When the luminances of pixels in an area are low, by switching the luminances of display elements 21
provided in the area between lower levels, a resolution of an image can be increased, enabling to improve image quality
of a displayed image.
[0035] 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 color component C) included in an input image 31 is inputted to the area active
drive processing unit 15 (step S11). The input image of the color component C includes the luminances of (m x n) pixels.
[0036] Then, the area active drive processing unit 15 performs 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 (sp x sq) (s
is an integer greater than or equal to 2) pixels (step S12). In step S12, the input image of the color component C is
downsized by a factor of (sp/m) in a horizontal direction and a factor of (sq/n) in a vertical direction. Then, the area active
drive processing unit 15 divides the downsized image into (p x q) areas (step S13). Each area includes the luminances
of (s x s) pixels.
[0037] Then, the area active drive processing unit 15 determines, for each of the (p x q) areas, a maximum value Ma
of the luminances of pixels in the area and a mean value Me of the luminances of pixels in the area (step S14). Then,
the area active drive processing unit 15 determines, for each of the (p x q) areas, an LED luminance based on the
maximum value Ma and the mean value Me (step S15). In step S15, an LED luminance E is calculated by performing
weighted averaging of the maximum value Ma and the mean value Me, using the following equation (1): 

[0038] A coefficient α included in the above equation (1) is a weight used when weighted averaging is performed and
typically takes a value between 0 and 1, inclusive. The coefficient α changes according to the mean value Me, and the
higher the mean value Me the higher the coefficient α. When the mean value Me is low, even if the mean value Me
changes, the coefficient α does not change much. However, when the mean value Me is high, if the mean value Me
changes, the coefficient α changes greatly and when a ratio of the mean value to the maximum value (Me/Ma) exceeds
a predetermined value, the coefficient α is 1. Fig. 4 is a diagram showing an example of a correspondence relationship
between the mean value Me and the coefficient α In Fig. 4, the mean value Me takes a value in a range of 0 to 4095
and the coefficient α changes in 16 steps. Note that the coefficient α may take a negative value.
[0039] As such, the area active drive processing unit 15 performs weighted averaging of the maximum value Ma and
the mean value Me, assigning a weight that changes according to the mean value Me. At this time, the higher the mean
value Me, the higher the weight assigned to the maximum value Ma and the lower the weight assigned to the mean
value Me by the area active drive processing unit 15. Moreover, the higher the mean value Me, the more greatly this
weight changes.
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[0040] Then, the area active drive processing unit 15 applies a luminance diffusion filter (dot diffusion filter) to the (p
x q) LED luminances determined in step S15 and thereby obtains first backlight luminance data including (tp x tq) (t is
an integer greater than or equal to 2) luminances (step S16). In step S16, the (p x q) LED luminances are upsized by a
factor of t in both the horizontal direction and the vertical direction.
[0041] Then, the area active drive processing unit 15 performs a linear interpolation process on the first backlight
luminance data and thereby obtains second backlight luminance data including (m x n) luminances (step S17). In step
S17, 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 (m x n) display elements 21 of the color component C when (p x q) LEDs of the color component
C emit lights at the luminances determined in step S15.
[0042] Then, the area active drive processing unit 15 divides the luminances of the (m x n) pixels included in the input
image of the color component C by the (m x n) luminances included in the second backlight luminance data, respectively,
and thereby determines light transmittances T of the (m x n) display elements 21 of the color component C (step S18).
[0043] Finally, the area active drive processing unit 15 outputs, for the color component C, liquid crystal data 32
representing the (m x n) light transmittances which are determined in step S18 and LED data 33 representing the (p x
q) LED luminances which are determined in step S15 (step S19). At this time, the liquid crystal data 32 and the LED
data 33 are converted into values in a suitable range in accordance with specifications of the panel drive circuit 12 and
the backlight drive circuit 14.
[0044] 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 (m x n x 3) pixels, liquid crystal
data 32 representing (m x n x 3) transmittances and LED data 33 representing (p x q x 3) LED luminances.
[0045] Fig. 5 is a diagram showing a 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 the color component C which includes the luminances of (1920 x 1080) pixels, a downsized image including
the luminances of (320 x 160) pixels is obtained. The downsized image is divided into (32 x 16) areas (the area size is
(10 x 10) pixels). By determining, for each area, a maximum value Ma and a mean value Me of the luminances of pixels,
maximum value data including the (32 x 16) maximum values and mean value data including the (32 x 16) mean values
are obtained. By applying the above equation (1) to the maximum value data and the mean value data, LED data for
the color component C which represents (32 x 16) LED luminances is obtained.
[0046] By applying a luminance diffusion filter to the LED data for the color component C, first backlight luminance
data including (160 x 80) luminances is obtained. By performing a linear interpolation process on the first backlight
luminance data, second backlight luminance data including (1920 x 1080) 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 (1920 x 1080) light transmittances is obtained.
[0047] Note that although in Fig. 3, for simplification of description, the area active drive processing unit 15 performs
a process in turn on images of the respective color components, a process on images of the respective color components
may be performed in a time-division manner. Moreover, although in Fig. 3 the area active drive processing unit 15
performs a sub-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.
[0048] The effects of the liquid crystal display device 10 according to the present embodiment will be described below.
For a method to determine luminances of LEDs (backlight light sources) when area active drive is performed, a method
(Max scheme) to determine luminances of LEDs based on a maximum value of the luminances of pixels in an area and
a method (Mean scheme) to determine luminances of LEDs based on a mean value of the luminances of pixels in an
area are conventionally known. In the liquid crystal display device 10, the luminances of LEDs are calculated using the
above equation (1), based on a maximum value Ma and a mean value Me of the luminances of pixels in an area. In this
manner, in the liquid crystal display device 10, the luminances of LEDs are determined using a novel method (hereinafter,
referred to as the Mix scheme) which is a combination of the Max scheme and the Mean scheme.
[0049] Now, the case of displaying, as shown in Fig. 6, a moving image in which a white (luminance of 100%) bar 42
having a width which is 70% of that of an area 41 moves to the left on a black (luminance of 0%) background will be
considered. Note that the bar 42 moves at a speed of one pixel of a downsized image per unit of time. In this case, a
maximum value Ma of the luminances of pixels in the area 41 rises from 0% to 100% immediately after a part of the bar
42 enters the area 41. A mean value Me of the luminances of pixels in the area 41 gradually rises from 0% to 70% along
with the entry of the bar 42 into the area 41.
[0050] Fig. 7 is a diagram showing changes in the luminances of LEDs provided in the area 41 when a screen shown
in Fig. 6 is displayed using the Max scheme, the Mean scheme, and the Mix scheme. When the screen is displayed by
the Max scheme, as with the maximum value Ma, the luminances of LEDs provided in the area 41 rise from 0% to 100%
immediately after a part of the bar 42 enters the area 41 (see a dash-dotted line in Fig. 7) . Since the luminances of
LEDs thus change abruptly in the Max scheme, large flicker occurs on the screen.



EP 2 202 718 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0051] When the screen is displayed by the Mean scheme, as with the mean value Me, the luminances of LEDs
provided in the area 41 gradually rise from 0% to 70% along with the entry of the bar 42 into the area 41 (see a thick
dashed line in Fig. 7). Hence, in the Mean scheme, flicker is not so problematic. However, since the luminances of the
LEDs only reach 70% at the maximum, a reduction in luminance occurs and thus white cannot be displayed at a proper
luminance.
[0052] In the liquid crystal display device 10 according to the present embodiment, the higher the mean value Me, the
higher the coefficient α included in the above equation (1) and the greater the amount of change in coefficient α. Hence,
when the mean value Me rises at a constant speed, the coefficient α acceleratingly rises from 0 and approaches 1. The
LED luminance E obtained by the above equation (1) is equal to a luminance obtained by the Mean scheme when the
coefficient α is 0 and is equal to a luminance obtained by the Max scheme when the coefficient α is 1. Therefore, in the
liquid crystal display device 10 using the Mix scheme, the luminances of LEDs provided in the area 41 are first close to
those obtained by the Mean scheme and thereafter acceleratingly rise and approach luminances obtained by the Max
scheme. In the example shown in Fig. 7, the luminances of LEDs are higher than those obtained by the Mean scheme
at time t1 or later and are equal to those obtained by the Max scheme at time t2 or later.
[0053] As such, in the Mix scheme, the luminances of LEDs gradually increase and thus, as with the Mean scheme,
flicker is not so problematic. At time t1 or later where the luminances of LEDs are higher than those obtained by the
Mean scheme, a reduction in luminance is smaller than in the Mean scheme and at time t2 or later where the luminances
of LEDs reach 100%, a reduction in luminance does not occur.
[0054] Therefore, according to the liquid crystal display device 10 using the Mix scheme, by determining, based on
both a maximum value Ma and a mean value Me of the luminances of pixels in an area, luminances of LEDs 23 to 25
provided in the area, flicker in moving image display can be suppressed more over the Max scheme and a reduction in
luminance in still image display can be suppressed more over the Mean scheme.
[0055] In addition, the area active drive processing unit 15 determines luminances of LEDs 23 to 25 by performing
weighted averaging of a maximum value Ma and a mean value Me of the luminances of pixels in an area. Accordingly,
the luminances of the LEDs 23 to 25 based on both the maximum value Ma and the mean value Me can be easily
determined and both flicker in moving image display and a reduction in luminance in still image display can be prevented.
[0056] Moreover, the area active drive processing unit 15 changes the coefficient α (a weight used when weighted
averaging is performed) included in the above equation (1), according to a mean value Me of the luminances of pixels
in an area. Accordingly, the luminances of LEDs 23 to 25 are brought close to a maximum value Ma or the mean value
Me of the luminances of pixels in the area, according to an input image 31, enabling to prevent both flicker in moving
image display and a reduction in luminance in still image display.
[0057] When a mean value Me of the luminances of pixels in an area is high, the area active drive processing unit 15
brings the luminances of LEDs 23 to 25 close to a maximum value Ma of the luminances of the pixels. Accordingly,
flicker which is noticeable when an input image 31 is dark can be prevented and a reduction in luminance which is
problematic when the input image 31 is bright can be prevented.
[0058] Moreover, the higher the mean value Me of the luminances of pixels in an area, the more greatly the coefficient
α included in the above equation (1) is changed by the area active drive processing unit 15. Hence, as the mean value
Me increases, the luminances of LEDs 23 to 25 acceleratingly increase and thus rapidly approach a maximum value
Ma of the luminances of the pixels. Accordingly, a reduction in luminance which is problematic when an input image 31
is bright can be more effectively prevented.
[0059] As described above, according to a liquid crystal display device according to the present embodiment, by
determining, based on both a maximum value and a mean value of the luminances of pixels in an area, luminances of
LEDs (backlight light sources) provided in the area, both flicker in moving image display and a reduction in luminance
in still image display can be prevented.

(Second Embodiment)

[0060] A liquid crystal display device according to a second embodiment of the present invention has the same
configuration as the liquid crystal display device 10 according to the first embodiment (see Fig. 1). In the liquid crystal
display device according to the first embodiment, in step S15 shown in Fig. 3, a coefficient α is determined based on a
mean value Me of the luminances of pixels in an area. However, the coefficient α may become less than 1 and the
coefficient α does not change while a still image is displayed. Therefore, in the liquid crystal display device according
to the first embodiment, a reduction in luminance in still image display may become problematic.
[0061] In view of this, the liquid crystal display device according to the present embodiment performs a process of
causing the luminances of LEDs to approach luminances obtained by the Max scheme, when a change in the luminances
of pixels in an area is small. Specifically, when an area active drive processing unit 15 judges that a change in the
luminances of pixels in an area is small, the area active drive processing unit 15 performs weighted averaging of a
maximum value Ma and α mean value Me in such a manner that the coefficient α is made higher than previous, a higher
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weight than previous is assigned to the maximum value Ma, and a lower weight than previous is assigned to the mean
value Me.
[0062] Fig. 8 is a flowchart of a coefficient determination process performed by the liquid crystal display device according
to the present embodiment. The coefficient determination process shown in Fig. 8 is performed during step S15 shown
in Fig. 3. Fig. 9 is a diagram showing an example of a correspondence relationship between the mean value Me and
the coefficient α in the liquid crystal display device according to the present embodiment. In the following, a maximum
value Ma and a mean value Me of the luminances of pixels in an area take values in a range of 0 to 4095.
[0063] As shown in Fig. 9, the mean value Me is classified into 16 classes. The maximum value Ma is also similarly
classified into 16 classes. Hereinafter, a class to which the maximum value Ma belongs is referred to as X, a class to
which the mean value Me belongs is referred to as Y, and a class associated with the coefficient α is referred to as Z.
The area active drive processing unit 15 stores, for each color component of (p x q) areas, three classes X, Y, and Z.
For example, when the number of classes is 16, the area active drive processing unit 15 stores (p x q x 3) 4-bit data units.
[0064] As shown in Fig. 8, the area active drive processing unit 15 determines, in a coefficient determination process,
a class X to which a maximum value Ma determined in step S14 belongs and a class Y to which a mean value Me
determined in step S14 belongs (step S21).
[0065] Then, the area active drive processing unit 15 judges whether the class X is the same as the previous class X
(a class to which a maximum value of the luminances of pixels in the same area in a previous frame belongs) (step S22)
and whether the class Y is the same as the previous class Y (a class to which a mean value of the luminances of pixels
in the same area in the previous frame belongs) (step S23). If at least any one of them is different, then the area active
drive processing unit proceeds to step S24. If both of them are the same, then the area active drive processing unit 15
proceeds to step S25.
[0066] In the former case, the area active drive processing unit 15 sets the class Y determined in step S21 to a class
Z (step S24). In the latter case, the area active drive processing unit 15 adds 1 to the previous class Z (a class set in
step S24 or step S25 when a coefficient determination process is performed for the same area in the previous frame)
and sets the resultant to a class Z (step S25). Note that the value to be set to the class Z does not exceed a maximum
value of the class (15 in this example).
[0067] Then, the area active drive processing unit 15 determines a coefficient α associated with the class Z set in step
S24 or step S25 (step S26). Then, the area active drive processing unit 15 stores the three classes X, Y, and Z which
are determined in this process, for the time when a coefficient determination process is performed for the same area in
a next frame (step S27).
[0068] For example, when the maximum value Ma of the luminances of pixels in a certain area in a previous frame is
2000 and the mean value Me is 1000, the previous class X is 7 and the previous class Y is 3. It is assumed that the
previous coefficient α is 0.05 and the previous class Z associated with the coefficient α is 3. When the maximum value
Ma of the luminances of pixels in the same area in a next frame remains 2000 and the mean value Me changes to 1700,
the class X is the same as the previous one but the class Y changes from 3 to 6. In this case, the class Z is set to 6 in
step S24 and the coefficient α changes from 0.05 to 0.18.
[0069] On the other hand, when in the next frame the maximum value Ma changes to 2040 and the mean value Me
changes to 1020, the class X and the class Y are the same as their previous ones. In this case, the class Z is set to 4
in step S25 and thus the coefficient α changes from 0.05 to 0.09. The same also applies when in the next frame the
maximum value Ma remains 2000 and the mean value Me remains 1000.
[0070] Note that although in Fig. 8 when both a class X to which a maximum value Ma belongs and a class Y to which
a mean value Me belongs are the same as their previous ones, the area active drive processing unit 15 judges that a
change in the luminances of pixels in an area is small, any other method may be used to judge whether a change in the
luminances of pixels in an area is small.
[0071] The effects of the liquid crystal display device according to the present embodiment will be described below.
Here, the case of displaying, as shown in Fig. 10, a still image including a white small region 52 having an area which
is 1/10 of an area 51, on a black background will be considered. In this case, the maximum value Ma of the luminances
of pixels in the area 51 is always 100% and the mean value Me of the luminances of pixels in the area 51 is always 10%.
[0072] Fig. 11 is a diagram showing changes in the luminances of LEDs provided in the area 51 when a screen shown
in Fig. 10 is displayed using the Max scheme, the Mean scheme, and the Mix scheme. When the screen is displayed
by the Max scheme, as with the maximum value Ma, the luminances of LEDs provided in the area 51 are always 100%
(see a dash-dotted line in Fig. 11). When the screen is displayed by the Mix scheme, as with the mean value Me, the
luminances of LEDs provided in the area 51 are always 10% (see a thick dashed line in Fig. 11). Hence, although in the
Max scheme white can be displayed at a proper luminance, in the Mean scheme a reduction in luminance occurs, and
thus, white cannot be displayed at a proper luminance.
[0073] In the liquid crystal display device according to the present embodiment, the coefficient α included in the above
equation (1) is determined by a coefficient determination process shown in Fig. 8. Therefore, when the screen shown
in Fig. 10 is displayed, even if a maximum value Ma and a mean value Me of the luminances of pixels in an area do not
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change, a class Z associated with a coefficient α gradually increases with the passage of time and reaches 15 in the
end which is the maximum value of the class. Correspondingly, the coefficient α acceleratingly increases and reaches
1 in the end. The luminances of LEDs provided in the area 51 acceleratingly approach luminances obtained by the Max
scheme and reach luminances obtained by the Max scheme in the end.
[0074] Accordingly, in the liquid crystal display device according to the present embodiment, even when the luminances
of pixels in an area do not change or when the amount of change in the luminances of pixels in an area is small, the
luminances of LEDs 23 to 25 gradually increase and reach the maximum value Ma of the luminances of pixels in the
area in the end. Therefore, according to the liquid crystal display device according to the present embodiment, a reduction
in luminance in still image display can be completely prevented.
[0075] Note that various variants can be made for liquid crystal display devices according to the first and second
embodiments of the present invention. For example, there is a case in which whether an input image 31 is a moving
image or a still image is known and a signal indicating whether the input image 31 is a moving image or a still image is
supplied to a liquid crystal display device. In this case, when the input image 31 is a still image, an area active drive
processing unit 15 may determine luminances of LEDs 23 to 25 provided in an area, based on a maximum value Ma of
the luminances of pixels in the area, with the coefficient α included in the above equation (1) being 1. Accordingly, a
reduction in luminance in still image display can be immediately and completely prevented.
[0076] Moreover, although in the first and second 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),
and the like. When the backlight is configured by white LEDs, the area active drive processing unit may, for example,
generate a Y image (luminance image) based on an R image, a G image, and a B image, perform steps S11 to S17 in
the process shown in Fig. 3 on the Y image, and perform step S18 on combinations of each of the three color images
and the Y image.
[0077] Although in the first and second embodiments an LED unit 22 includes one red LED 23, one green LED 24,
and one blue LED 25, the number of LEDs of three colors included in the LED unit 22 may be other than that. For
example, the 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 may control the two green LEDs 24 such that the sum of the luminances of the two green LEDs 24 is an
LED luminance obtained by the above equation (1).
[0078] A frame rate of a liquid crystal display device may be arbitrary; for example, the frame rate may be 30 Hz, 60
Hz, 120 Hz or higher. As the frame rate increases, the luminances of LEDs change in smaller units and thus flicker is
less noticeable. By using the above-described Mix scheme for any image display device having a backlight, the same
effects as those obtained by a liquid crystal display device can be obtained.
[0079] As described above, according to image display devices of the present invention, by determining luminances
of backlight light sources provided in an area based on both a maximum value and a mean value of luminances in the
area, both flicker in moving image display and a reduction in luminance in still image display can be prevented.

INDUSTRIAL APPLICABILITY

[0080] Image display devices of the present invention obtain effects of being able to prevent both flicker in moving
image display and a reduction in luminance in still image display and thus can be used as various types of image display
devices having a backlight, such as liquid crystal display devices.

Claims

1. An image display device having a function of controlling a luminance of a backlight, the image display device
comprising:

a display panel including a plurality of display elements;
a backlight including a plurality of light sources;
a signal processing unit for obtaining display data and backlight control data based on an input image;
a panel drive circuit for outputting a signal for controlling light transmittances of the display elements, to the
display panel based on the display data; and
a backlight drive circuit for outputting a signal for controlling luminances of the light sources, to the backlight
based on the backlight control data, wherein
when obtaining the backlight control data, the signal processing unit divides the input image into a plurality of
areas, determines a maximum value and a mean value of luminances of pixels in each of the areas, and
determines luminances of light sources provided in each of the areas based on the determined maximum value
and mean value.
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2. The image display device according to claim 1, wherein the signal processing unit determines the luminances of
the light sources by performing weighted averaging of the maximum value and the mean value.

3. The image display device according to claim 2, wherein the signal processing unit performs weighted averaging of
the maximum value and the mean value, assigning a weight that changes according to the mean value.

4. The image display device according to claim 3, wherein the signal processing unit performs weighted averaging of
the maximum value and the mean value in such a manner that higher the mean value, higher a weight assigned to
the maximum value and lower a weight assigned to the mean value.

5. The image display device according to claim 3, wherein the signal processing unit performs weighted averaging of
the maximum value and the mean value in such a manner that higher the mean value, more greatly the weight
changes.

6. The image display device according to claim 2, wherein when the signal processing unit judges that a change in
the luminances of pixels in each of the areas is small, the signal processing unit performs weighted averaging of
the maximum value and the mean value in such a manner that a weight higher than previous is assigned to the
maximum value and a weight lower than previous is assigned to the mean value.

7. The image display device according to claim 1, wherein when the input image is a still image, the signal processing
unit determines the luminances of the light sources based on the maximum value.

8. An image display method for an image display device having a display panel including a plurality of display elements
and a backlight including a plurality of light sources, the image display method comprising the steps of:

obtaining display data and backlight control data based on an input image;
outputting a signal for controlling light transmittances of the display elements, to the display panel based on the
display data; and
outputting a signal for controlling luminances of the light sources, to the backlight based on the backlight control
data, wherein
in the steps of obtaining the display data and the backlight control data, when obtaining the backlight data, the
input image is divided into a plurality of areas, a maximum value and a mean value of luminances of pixels in
each of the areas are determined, and luminances of light sources provided in each of the areas are determined
based on the determined maximum value and mean value.
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摘要(译)

区域有源驱动处理单元（15）基于输入图像（31）获得用于驱动液晶面
板（11）的液晶数据（32）和用于驱动液晶面板（11）的LED数据
（33）。背光（13）。当获得LED数据（33）时，输入图像（31）被分
成多个区域，确定每个区域中像素的亮度的最大值Ma和平均值Me，并且
对最大值Ma进行加权平均。并且执行平均值Me，由此确定在该区域中提
供的LED（23）至（25）的亮度。用于加权平均的系数α根据平均值Me
而变化。随着平均值Me增加，LED亮度从平均值Me加速上升并接近最大
值Ma。因此，防止了在执行背光调光的图像显示装置中发生的闪烁和亮
度降低。
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