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to emit light; a liquid crystal panel configured to modulate
light emitted from the backlight to make an image display; a
backlight luminance calculating unit configuredto calculate a
light-emission luminance of the backlight such that a center
value of a luminance range displayable on the liquid crystal
panel defined depending on the light-emission luminance of
the backlight substantially agrees with a center value of lumi-
nances of pixels forming an input image; a backlight control-
ling unit configured to control light emission of the backlight
so that the light from the backlight is emitted with the calcu-
lated light-emission luminance; a luminance correcting unit
configured to correct the luminance of each pixel in the input
image in accordance with the calculated light-emission lumi-
nance; and a liquid crystal controlling unit configured to
control modulation of the liquid crystal panel based upon the
corrected input image.
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IMAGE DISPLAY APPARATUS AND IMAGE
DISPLAY METHOD

TECHNICAL FIELD

[0001] The present invention relates to an image display
apparatus and an image display method.

[0002] 1.Background Art

[0003] Conventionally, in a liquid crystal display appara-
tus, a luminance of a backlight has been controlled for pur-
poses of expanding a display dynamic range, lowering con-
sumption power, and the like.

[0004] Forexample, in JP-A 2005-309338 (Kokai), a lumi-
nance of a backlight is controlled so that the maximum lumi-
nance in the input image can be displayed by calculating a
modulation ratio of the luminance of the backlight from the
maximum luminance value in an input image.

[0005] However, since spatial and temporal fluctuations in
maximum value of the luminance of the image are drastic,
fluctuations in luminance of the backlight calculated based
upon the maximum value are also drastic, leading to flicker-
ing of the display.

[0006] 2. Disclosure of the Invention

[0007] According to an aspect of the present invention,
there is provided with an image display apparatus, compris-
ing: a backlight configured to emit light; a liquid crystal panel
configured to modulate light emitted from said backlight to
make an image display; a backlight luminance calculating
unit configured to calculate a light-emission luminance of
said backlight such that a center value of a luminance range
displayable on said liquid crystal panel defined depending on
the light-emission luminance of said backlight substantially
agrees with a center value of luminances of each pixel form-
ing an input image; a backlight controlling unit configured to
control light emission of said backlight so that the light is
emitted with the calculated light-emission luminance; a lumi-
nance correcting unit configured to correct the luminances of
each pixel in the input, image in accordance with said calcu-
lated light-emission luminance; and a liquid crystal control-
ling unit configured to control modulation of said liquid crys-
tal panel based upon the corrected input image.

[0008] According to an aspect of the present invention,
there is provided with an image display method performed
using a backlight configured to emit light and a liquid crystal
panel configured to modulate light emitted from said back-
light to make an image display, comprising: calculating a
light-emission luminance of said backlight such that a center
value of a luminance range displayable on said liquid crystal
panel defined depending on the light-emission luminance of
said backlight substantially agrees with a center value of
luminance of each pixel forming an input image; controlling
light emission of said backlight so that the light is emitted
with the calculated light-emission luminance; correcting the
luminance ofeach pixel in the input image in accordance with
said calculated light-emission luminance; and controlling
modulation of said liquid crystal panel based upon the cor-
rected input image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG.1 is a view showing a constitution example of
an image display apparatus according to a first embodiment;
[0010] FIG. 2 is a view showing a constitution example of
a backlight according to the first embodiment;

Jan. 20, 2011

[0011] FIGS. 3A and 3B are views explaining a lighting
system of the backlight;

[0012] FIGS. 4A and 4B are views showing a constitution
example of a luminance calculating unit according to the first
embodiment;

[0013] FIG. 5 is a view showing another constitution
example of the luminance calculating unit according to the
first embodiment;

[0014] FIG. 6 is a view showing a constitution example of
a liquid crystal transmittance corrector according to the first
embodiment;

[0015] FIG. 7 is a view showing another constitution
example of the liquid crystal transmittance corrector accord-
ing to the first embodiment;

[0016] FIGS. 8A and 8B are views explaining an effect due
to an operation of the liquid crystal transmittance corrector
according to the first embodiment;

[0017] FIG. 9 is a view specifically explaining an effect
according to the first embodiment;

[0018] FIG. 10 is a view explaining, from a more general
viewpoint, the effect according to the first embodiment;
[0019] FIGS. 11A and 11B are views showing still another
constitution example of the luminance calculating unit
according to the first embodiment;

[0020] FIGS.12A and 12B are views showing still another
constitution example of the luminance calculating unit
according to the first embodiment;

[0021] FIG. 13 is a view showing a constitution example of
a liquid crystal panel;

[0022] FIG. 141s a view showing a constitution example of
an image display apparatus according to a second embodi-
ment;

[0023] FIG. 151s a view showing a constitution example of
a backlight according to the second embodiment;

[0024] FIGS. 16A and 16B are views showing a constitu-
tion example of a light source;

[0025] FIG. 17 is a view showing a constitution example of
aluminance calculating unit according to the second embodi-
ment;

[0026] FIG. 18 is a view showing another constitution
example of the luminance calculating unit according to the
second embodiment;

[0027] FIG. 19 is a view explaining a weighed coefficient;
[0028] FIGS. 20A, 20B and 20C are views showing still
another constitution example of the luminance calculating
unit according to the second embodiment;

[0029] FIGS. 21A and 21B are views showing still another
constitution example of the luminance calculating umit
according to the second embodiment;

[0030] FIG. 22 is a view showing an example of a lumi-
nance distribution of the light source;

[0031] FIG. 23 is a view schematically showing a method
for calculating an expected value of a luminance distribution
of the backlight; and

[0032] FIG. 24is a view showing a constitution example of
a liquid crystal transmittance corrector according to the sec-
ond embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

[0033] An image display apparatus according to a first
embodiment of the present invention is described with refer-
ence to drawings.

Configuration of Image Display Apparatus

[0034] FIG. 1 shows a configuration of the image display
apparatus according to the present embodiment. An image
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display apparatus according to the present embodiment
includes a luminance calculating unit 11, a liquid crystal
transmittance corrector 12, a backlight controlling unit 13, a
backlight 14, a liquid crystal controlling unit 15, and a liquid
crystal panel 16 where a plurality of pixels are arrayed in
matrix form.

[0035] Theluminance calculating unit 11 calculates a lumi-
nance modulation ratio of the backlight 14 which is suitable
for display based upon an image signal of one frame. The
liquid crystal transmittance corrector 12 corrects aluminance
(light transmittance) of each pixel in the image signal based
upon the calculated luminance modulation ratio (light-emis-
sion luminance) of the backlight 14, and outputs the corrected
image signal to the liquid crystal controlling unit 15. The
backlight controlling unit 13 makes the backlight 14 lighted
(emit light) based upon the luminance modulation ratio cal-
culated by the luminance calculating unit 11. The backlight
14 emits light by control of the backlight controlling unit 13.
The liquid crystal controlling unit 15 controls the liquid crys-
tal panel 16 based upon the image signal corrected by the
liquid crystal transmittance corrector 12. The liquid crystal
panel 16 changes an amount of transmittance light from the
backlight 14 by control of the liquid crystal controlling unit
15. Namely, the liquid crystal panel 16 modulates the light
emission of the backlight 14 to display an image correspond-
ing to the image signal of the one frame.

[0036] In the following, the configuration and operation of
each unit are described in detail.

Backlight 14

[0037] The backlight 14 is lighted strongly or weakly by
control of the backlight controlling unit 13, and irradiates the
liquid crystal panel 16 from the back surface thereof. FIGS.
2(a-1), (a-2), (b), and (c) show a configuration of one specific
example of the backlight 14. As shown in FIGS. 2(a-1), (a-2)
and (b), and (¢), the backlight 14 has at least not less than one
light sources. The arrangement of the light sources may be a
directtype as shown in FIGS. 2(a-1), (a-2) and (b), where the
light sources are arranged on the back surface of the liquid
crystal panel 16, or may be an edge light type as shown in FIG.
2(c), where the light sources are arranged on the side surfaces
of the liquid crystal panel 16 and light is led to the back
surface of the liquid crystal panel 16 by a light guiding board
or a reflector, not shown, to irradiate the liquid crystal panel
16 from the back surface thereof. An LED, a cold-cathode
tube, a hot-cathode tube, and the like are suitable for the light
source. The LED is particularly preferably used as the light-
emitting element since it has a large width between the maxi-
mum light emittable luminance and the minimum light emit-
table luminance and hence its light emission can be controlled
in a high dynamic range. The light-emission intensity (light-
emission luminance) and the light-emission timing of the
backlight 14 are controllable by the backlight controlling unit
13.

Backlight Controlling Unit 13

[0038] The backlight controlling unit 13 makes the back-
light 14 lighted based upon the luminance modulation ratio of
the backlight 14 which was calculated by the luminance cal-
culating unit 11. The luminance modulation ratio is a value
showing a ratio of the light-emission luminance with which
the backlight 14 is to be lighted with respect to the light-
emission luminance of the backlight 14 with which the back-
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light 14 is most brightly lighted. FIGS. 3A and 3B show
examples of output of the backlight controlling unit 13 in the
case of controlling the backlight 14 by use of a PWM (Pulse
Width Modulation) system. FIGS. 3A and 3B show the
respective output examples in the case of outputting a PWM
control signal in correspondence with a luminance modula-
tion ratio of 0.5 and a luminance modulation ratio of 0.75 with
respect to the light-emission luminance during constant light-
ening of the backlight. In the PWM system, the luminance of
the backlight 14 is controlled by changing a rate of a lighten-
ing period during one cycle. As thus described, the backlight
controlling unit 13 is capable of controlling the light-emis-
sion intensity (light-emission luminance) and the light-emis-
sion timing of the backlight 14.

Luminance Calculating Unit 11

[0039] The luminance calculating unit 11 calculates from
animage signal a luminance modulation ratio of the backlight
14 which is suitable for display. FIG. 4A shows a configura-
tion of one specific example of this luminance calculating unit
11. The luminance calculating unit 11 in FIG. 4A includes an
RGB maximum value calculator 21, a gamma converting unit
22 and a mean value calculating unit 23.

[0040] The RGB maximum value calculator 21 obtains the
maximum value out of image signals corresponding to
R(red), G(green) and B(blue) in each pixel, and outputs the
obtained value. Hereinafter, a signal calculated in the RGB
maximum value calculator 21 is referred to as an RGB maxi-
mum signal.

[0041] The gamma converting unit 22 converts the inputted
RGB maximum signal into a relative luminance “L,,,,” by
gamma conversion. When the input image signal is a signal in
a range of [0, 255], this conversion is expressed for example
by:

Lagaxm(1-0)(Sp4x/255) 4t

[0042] Here, “S,,,;” is an RGB maximum signal calcu-
lated in the RGB maximum value calculator 21. “y” and “o”
may be arbitral actual numbers, but in the case of performing
this conversion in the most simplified manner, “a=0.0" and
“y=2.2" are typically used. These conversions may be directly
calculated by use of a multiplier or the like, or may be calcu-
lated by use of a lookup table. Hereinafter, the relative lumi-
nance “L,,,5” calculated by the pair of the RGB maximum
value calculator 21 and the gamma converting unit 22 is
referred to as an RGB maximum luminance.

[0043] Computing by the RGB maximum value calculator
21 and computing by the gamma converting unit 22 may be
performed in a reversed order, and FIG. 4B shows the con-
figuration of the luminance calculating unit 11 in this case.
The gamma converting unit 28 converts the inputted image
signal into relative luminances “L;”, “L;" and “Lz” of
R(red), G(green) and B(blue) by gamma conversion. When
the image signal is a signal in the range of [0, 255] corre-
sponding to the respective colors of “R”, “G” and “B”, this
conversion is expressed for example by:

[Formula 1]

Lg = (1 -a)(Sg/255) +a,
Lo =(1-a)(Sq/255) +a,
Lg = (1 -a)(S/255)" +a,

[Formula 2]
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[0044] Here, “S;”, “S,” and “S” are image signal values
corresponding to “R”, “G” and “B”. “y” and “«”” may be
arbitral actual numbers, but in the case of performing this
conversion in the most simplified manner, “a=0.0" and “y=2.
2” are typically used. These conversions may be directly
calculated by use of the multiplier or the like, or may be
calculated by use of the lookup table. Further, in this case, an
RGB maximum value calculator 29 obtains the maximum
value out of the respective relative luminances corresponding
to “R”, “G” and “B” in each pixel which were calculated in a
gamma converting unit 28, and outputs the obtained value.

[0045] The mean value calculating unit 23 calculates a
mean value of the RGB maximum luminance from the RGB
maximum luminances of a plurality of pixels. In the mean
value calculating unit 23, a spatial range as an object for
calculating the mean value may be a range of the whole liquid
crystal panel 16 or may be a range smaller than this.

[0046] The luminance calculating unit 11 outputs a value,
obtained by multiplying the mean relative luminance which
was calculated in the mean value calculating unit 23 by a
square root of a display dynamic range of the liquid crystal
panel 16, as a luminance modulation ratio of the backlight 14.
This computing may be made by the multiplier or may be
realized such that, as shown in FIG. 5, a lookup table for the
relation between the mean relative luminance and the lumi-
nance modulation ratio of the backlight 14 is previously
formed and this lookup is referenced. Here, the display
dynamic range of the liquid crystal panel 16 is a value decided
by a display contrast characteristic of a single substance of the
liquid crystal panel 16, and a value obtained by: (maximum
displayable luminance)/(the minimum displayable lumi-
nance) of the liquid crystal panel 16. For example, in a case
where the liquid crystal panel 16 has the contrast character-
istic of a contrast ratio of 1000:1 [(maximum displayable
luminance): (minimum displayable luminance)], the display
dynamic range of the liquid crystal panel 16 here is 1000.

[0047] When the mean relative luminance calculated in the
mean value calculating unit 23 is represented by “L, /- ., and
the display dynamic range of the liquid crystal panel 16 is
represented by “D,”, the output of the luminance calculating
unit 11 (the luminance modulation ratio of the backlight 14)
“L,,;” is a value obtained by the mean relative luminance
which was calculated in the mean value calculating unit 23 by
the square root of the display dynamic range of the liquid
crystal panel 16, namely: L, =L, 5. .xxD,'"

set
[0048] In a case where the backlight 14 is lighted exactly
with this modulation ratio, the maximum relative luminance
L., and the minimum relative luminance I,, which are dis-
playable in the present image display apparatus due to the

modulation of the backlight luminance, is:

L~L

'ser?
Li=UD,)xL,.,,

[0049] Therefore, when considered in terms of a logarith-
mic value of the relative luminance, a center Log(L ) of the
range of the relative luminance displayable in the present
image display apparatus is:

log(Ly) +log(Ly)

log(Lc) = 7

namely
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-continued
log(Ly) +1log(Ly)
L= exp( R E— ],
log(Lee:) +1og((1/ Dp) X Leor)
{0t

12
= xer/DP/ 5

12y pl2
= (Luga x DI/ DY

= Luygan,

[0050] Therefore, when considered in terms of the logarith-
mic value of the relative luminance, a relative luminance at
the center of therange of the relative luminance displayable in
the present image display apparatus agrees with the mean
relative luminance calculated in the mean value calculating
unit 23. As thus described, the value obtained by multiplying
the mean relative luminance which was calculated in the
mean value calculating unit 23 by the square root of the
display dynamic range of the liquid crystal panel 16 is used as
the luminance modulation ratio of the backlight 14, whereby
it is possible to make the mean relative luminance calculated
in the mean value calculating unit 23 agree with the relative
luminance at the center of the range of the relative luminance
displayable in the present image display apparatus when con-
sidered in terms of the logarithmic value of the relative lumi-
nance.

[0051] It should be noted that even with the luminance
modulation ratio of the backlight 14 calculated as thus
described, if later-described correction of a transmittance
ratio of the image signal (correction of the luminance) is not
made in the liquid crystal transmittance corrector 12, the
display image simply becomes dark due to the luminance
modulation of the backlight 14.

[0052] Further, the luminance modulation ratio of the back-
light 14, calculated in the luminance calculating unit 11, is not
restricted to the value obtained by multiplying the mean rela-
tive luminance which was calculated in the mean value cal-
culating unit 23 by the square root of the display dynamic
range of the liquid crystal panel 16, but may be a value with
which the center of the luminance range displayable due to
modulation of the backlight luminance agrees with the mean
value of the luminance of the input image inside the screen.
Accordingly, the value by which the mean relative luminance
is multiplied in the above multiplier may be a value close to
the square root of the display dynamic range of the liquid
crystal panel 16, or the relation between the mean relative
luminance and the luminance modulation ratio of the back-
light 14 in the lookup table may be a relation which is expe-
rientially and experimentally decided such that the center of
the luminance range displayable due to the modulation of the
backlight luminance agrees with the mean value of the lumi-
nance of the input image inside the screen.

Liquid Crystal Transmittance Corrector 12

[0053] The liquid crystal transmittance corrector 12 cor-
rects the luminance (transmittance) of the image signal in
each pixel in the liquid crystal panel 16 based upon the input-
ted image signal and the luminance modulation ratio of the
backlight 14 which was calculated in the luminance calculat-
ing unit 11, and outputs the corrected image signal to the
liquid crystal controlling unit 15. FIG. 6 shows one specific
example of this liquid crystal transmittance corrector 12.
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[0054] This liquid crystal transmittance corrector 12
includes a gamma converting unit 31, a division unit32 and a
gamma correcting unit 33. The gamma converting unit 31 has
the same configuration as that of the gamma converting unit
22 in the luminance calculating unit 11. Tt is to be noted that
a value calculated by the gamma converting unit 31 in the
liquid crystal transmittance corrector 12 may particularly be
called a light transmittance instead of the relative luminance
in the luminance calculating unit 11. The gamma converting
unit 31 in the liquid crystal transmittance corrector 12 and the
gamma converting unit 22 in the luminance calculating unit
11 can be configured as one constituent.

[0055] The gamma converting unit 31 converts the inputted
image signal into light transmittances of “R”, “G” and “B”.
Namely, the gamma converting unit performs conversion
expressed by Formula (3):

Tr = (1l —@)(Sg /255 +a,
Te = (1 —a)(Sc/255) +a,
Tp = (1 —a)(Sg/255) +a,

[Formula 3]

[0056] Here, “S;”. “S;” and “S;” are image signal values
corresponding to “R”, “G” and “B”,and “TR”, “T;” and “T5”
are light transmittances respectively corresponding to the
colors of “R”, “G” and “B”. Values of “y” and “a” of the
gamma converting unit 31 may be identical values to or
different values from the values of “y” and “a” of the gamma
converting unit 22 in the luminance calculating unit 11.
[0057] The division unit 32 corrects the light transmit-
tances of “R”, “G” and “B” of each pixel, which were calcu-
lated by the gamma converting unit 31, based upon the lumi-
nance modulation ratio of the backlight 14 which was
calculated in the luminance calculating unit 11, and calculates
the corrected light transmittance. Computing by the division
unit 32 may be computing by a divider configured so as to
divide the light transmittances of “R”, “G” and “B” of each
pixel, which were calculated by the gamma converting unit
31, by the luminance modulation ratio of the backlight 14
which was calculated in the luminance calculating unit 11, or
may be computing performed by previously holding a lookup
table that holds the relation between input and output previ-
ously and calculating a corrected light transmittance with
reference to this lookup table.

[0058] The gamma correcting unit 33 makes a gamma cor-
rection to the corrected light transmittance calculated in the
division unit 32, and converts the corrected light transmit-
tance into an image signal to be outputted to the liquid crystal
controlling unit 15. Assuming that the image signal to be
outputted is a signal in the range of [0, 255] which corre-
sponds to “R”, “G” and “B”, this gamma correction is made
for example by using Formula (4) below:

Sp =255%{(Tp —) /(L -a}}'", [Formula 4]

S =255 xA(T; - @) (1 - ap}'”,
Sp =255 x{(Tp— /(L -},

[0059] Here, T's, T';and T', are respectively corrected light
transmittances corresponding to the colors of “R”, “G” and
“B”, and “S';”, “S';” and “S'” are respectively output image
signal values corresponding to “R”, “G” and “B”. “y” and “a”
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may be arbitral actual numbers, but when “y” is a gamma
value of the liquid crystal panel 16 and « is a minimum light
transmittance of the liquid crystal panel 16, it is possible to
reproduce an image faithful to an input signal. Further, the
gamma correction is not restricted to this conversion, but may
be substituted by a known conversion system according to
need, or may be reversed conversion in accordance with a
gamma conversion table of the liquid crystal panel 16. These
conversions may be directly calculated by use of the multi-
plier or the like, or may be calculated by use of the lookup
table.

Modified Example of Liquid Crystal Transmittance Correc-
tor 12

[0060] Since the operation of the liquid crystal transmit-
tance corrector 12 is decided in accordance with the inputted
luminance modulation ratio of the backlight 14 and image
signal, the liquid crystal transmittance corrector 12 may be
configured to calculate an image signal whose transmittance
is corrected with reference to a previously set lookup table
based upon the luminance modulation ratio, which was cal-
culated in the luminance calculating unit 11 and the image
signal.

Effect Relevant to Liquid Crystal Transmittance Corrector 12

[0061] The effect due to the operation of the liquid crystal
transmittance corrector 12 executed as above are described
with reference to FIGS. 8A and 8B. The light transmittance
before the correction is assumed to be in the case of the
relative luminance of the backlight 14 being the maximum,
namely 1.0. Therefore, in the case of changing the luminance
of the backlight 14 without correction of the light transmit-
tance of the liquid crystal, an actual display becomes vastly
different from a display having been assumed by the inputted
image signal. Thereat, the light transmittance of the liquid
crystal is corrected in the liquid crystal transmittance correc-
tor 12 by use of the luminance modulation ratio of the back-
light 14 which was calculated in the luminance calculating
unit 11. In the liquid crystal transmittance corrector 12, the
light transmittance before the correction is divided by the
luminance modulation ratio of the backlight 14 which was
calculated in the luminance calculating unit 11. Thereby, as
shown in FIG. 8A, the corrected light transmittance is set
large as compared with the light transmittance before the
correction. Since an image presented to a viewer can be
approximated by “(luminance of backlight)x(light transmit-
tance of liquid crystal)”, as shown in FIG. 8B, a relative
luminance obtained by multiplying the corrected light trans-
mittance by the luminance of the backlight 14 can be used for
a display close to the display assumed by the inputted image
signal.

Operations Relevant to Luminance Calculating Unit 11 and
Liquid Crystal Transmittance Corrector 12

[0062] The effect of the present embodiment is described
with reference to FIGS. 9 and 10, in connection with the
operations of the luminance calculating unit 11 and the liquid
crystal transmittance corrector 12 as described above.

[0063] FIG. 9 is a view for explaining the effect due to the
present embodiment in the case of the display dynamic range
ofthe liquid crystal panel 16 being 60 dB, namely the contrast
ratio of the liquid crystal panel 16 being 1000:1. As shown in
this example, in the case of the liquid crystal display device
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having the liquid crystal panel 16 with a display dynamic
range of 60 dB, the range of the relative luminance display-
able in this liquid crystal display device is a range of 60 dB
from “the relative luminance of the backlight 14” to ““a rela-
tive luminance of the backlight 14 minus 60 dB”.

[0064] The relative luminance of the inputted image signal
is widely distributed with its mean relative luminance at the
center as in a histogram of the drawing. The luminance cal-
culating unit 11 outputs, as the luminance modulation ratio of
the backlight 14, a value obtained by multiplying the mean
relative luminance which was calculated in the mean value
calculating unit 23 by the square root of the display dynamic
range of the liquid crystal panel 16. In the case of the display
dynamic range of the liquid crystal panel 16 being 60 dB, the
luminance modulation ratio of the backlight 14 is a value
obtained by multiplying the mean relative luminance which
was calculated in the mean value calculating unit 23 by a
square root of 1000. Considering this in line with a logarith-
mic axis of the relative luminance, the luminance modulation
ratio of the backlight 14 is a value obtained by adding ¥2 of 60
dB, namely 30 dB, to the mean relative luminance which was
calculated in the mean value calculating unit 23. Assuming
that the backlight 14 is lighted with the same relative lumi-
nance as the luminance modulation ratio of the backlight 14,
the range of the luminance displayable in this liquid display
device in the case of lighting the backlight 14 with this rela-
tive luminance is the range of +30 dB with the mean relative
luminance of the inputted image signal at the center, as shown
in the drawing.

[0065] FIG. 10 is a view explaining, from a more general
viewpoint, the effect obtained by the present embodiment.
[0066] Generally, since the range of the relative luminance
modulable in the liquid crystal panel 16 is narrow as com-
pared with the range of the relative luminance of the image
signal, a case may occur where a display cannot be made
correspondingly to the input image signal no matter how the
luminance of the backlight 14 is modulated, depending upon
the inputted image signal. For example, in a case where the
relative luminance of the inputted image signal is widely
distributed from 0 to 1, the whole of this image signal cannot
be faithfully reproduced in the liquid crystal display device.
[0067] Further, in the case of an image signal with the most
thereof being a dark portion and the part thereof being a bright
portion, when the backlight 14 is lighted such that the lumi-
nance of the backlight 14 agrees with the maximum lumi-
nance of the image signal, the bright portion of the image
signal which makes up only the part thereof can be repro-
duced faithfully to the image signal whereas the dark portion
making up the most thereof cannot be reproduced.

[0068] As opposed to this, according to the image display
apparatus according to the present embodiment, since the
luminance of the backlight 14 is controlled such that the
luminance making up most of the image signal is arranged at
the center of the display dynamic range, the most of the input
image signal can be faithfully reproduced.

[0069] Further, there has been a problem in that, when the
luminance of the backlight 14 is decided based upon the
maximum value of the luminance in the input image, since
spatial and temporal fluctuations in maximum value of the
luminance in the input image are drastic, fluctuations in lumi-
nance of the backlight 14 calculated based upon the fluctua-
tions in maximum value are also drastic, leading to flickering
of the display. This was already described in the section
“Background Art”. Moreover, the maximum value of the
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luminance in the input image is often the luminance of a
minute region in the input image, and in this case, the fluc-
tuations in luminance of the minute region in the input image
affect the whole image through the backlight luminance,
which undesirably promotes occurrence of flickering. Fur-
ther, in this case, even when a correction is made on the
luminance of the image signal for compensating the fluctua-
tions in luminance of the backlight 14, fluctuations in lumi-
nance that cannot be compensated by the correction of the
image signal, or fluctuations in luminance rather amplified,
occur and hence the occurrence of flickering cannot be sup-
pressed.

[0070] As opposed to this, the luminance of the backlight
14 is set based upon the mean value in the input image in the
display apparatus according to the present embodiment.
Since the mean value is a stable value with small spatial and
temporal fluctuations as compares with the maximum value,
the flickering as described above tends not to occur. Further,
since the mean value is a value to which luminances of many
regions in the image are reflected, even when fluctuations in
luminance of the mean value lead to fluctuations in luminance
of the backlight 14. and further to fluctuations in display
luminance of the whole image, these fluctuations tend not to
be visually recognized as flickering since being in synchro-
nous with the fluctuations in luminance of the whole input
image.

[0071] Further, the above characteristic described concern-
ing the mean of luminances of an input image can apply to a
statistic value (center value) representing the center of a lumi-
nance distribution of an input image, such as a Median Value
of luminance of an input image or a mode value of Tuminance
of an input image.

[0072] Therefore, the luminance calculating unit 11 of the
present invention can also be configured in the following
mannet.

Modified Example of Luminance Calculating Unit 11

[0073] The luminance calculating unit 11 of the present
embodiment may be configured to have a Median Value cal-
culating unit 24 as shown in FIG. 11A.

[0074] The Median Value calculating unit 24 calculates a
Median Value of the RGB maximum luminance from the
RGB maximum luminances of a plurality of pixels. In the
Median Value calculating unit 24, the spatial range as an
object for calculating the Median Value may be the range of
the whole liquid crystal panel 16 or may be a smaller region
than this.

Modified Example 2 of Luminance Calculating Unit 11

[0075] The luminance calculating unit 11 of the present
embodiment may be configured to have a mode value calcu-
lating unit 25 as shown in FIG. 11B.

[0076] The mode value calculating unit 25 calculates a
mode value of the RGB maximum luminance from the RGB
maximum luminances of a plurality of pixels. In the mode
value calculating unit 25, the spatial range as an object for
calculating the mode value may be the range of the whole
liquid crystal panel 16 or may be a smaller region than this.

Modified Example 3 of Luminance Calculating Unit 11

[0077] Further, a value as an object for calculating the mean
value in the luminance calculating unit 11 is not necessarily a
strict relative luminance value with respect to the image sig-
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nal. For example, as shown in FIG. 124, the luminance cal-
culating unit 11 may be configured such that the mean value
calculating unit 23 calculates a mean value of values corre-
sponding to the input image signal, and after the calculation
of the mean value, the gamma converting unit 22 converts the
value into a value corresponding to the relative luminance. A
slight difference in mean value appears between performing
the gamma conversion before the calculation of the mean
value and performing the gamma conversion after the calcu-
lation of the mean value, but the difference is not so large, and
both values do not deviate from the configuration of the
luminance calculating unit 11 in which the backlight lumi-
nance modulation ratio is calculated such that the center of the
luminance range displayable by modulation of the backlight
luminance agrees with the mean value ofthe luminance inside
the screen of the input image.

[0078] Moreover, as shown in FIG. 12B, the luminance
calculating unit 11 may be configured such that the gamma
conversion is performed by gamma converting units 26 and
27 before and after the calculation of the mean value in the
mean value calculating unit 23 so that the convert into a value
corresponding to the relative luminance is performed.

Liquid Crystal Panel 16 and Liquid Crystal Controlling Unit
15

[0079] Theliquid crystal panel 16 is an active matrix type in
the present embodiment, and as shown in FIG. 13, on an array
substrate 24, a plurality of signal lines 21 and a plurality of
scanning lines 22 intersecting with the signal lines are
arranged through an insulating film, not shown, and a pixel 23
is formed in each intersecting region of the two lines. The
ends of the signal lines 21 and the scanning lines 22 are
respectively connected to a signal line driving circuit 25 and
a scanning line driving circuit 26. Each pixel 23 includes a
switch element 31 consisting of a thin-film transistor (TFT),
a pixel electrode 32, a liquid crystal layer 35, an auxiliary
capacity 33 and an opposing electrode 34. It is to be noted that
the opposing electrode 34 is an electrode common to every
pixel 23.

[0080] The switch element 31 is a switch element for writ-
ing an image signal, its gate is connected to the scanning line
22 in common on €ach one horizontal line, and its source is
connected to the signal line 21 in common on each one ver-
tical line. Further, its drain is connected to the pixel electrode
32 and also connected to the auxiliary capacity 33 electrically
arranged in parallel with this pixel electrode 32.

[0081] The pixel electrode 32 is formed on the array sub-
strate 24, and the opposing electrode 34 electrically opposed
to this pixel electrode 32 is formed on an opposing substrate,
not shown. A prescribed opposing voltage is given to the
opposing electrode 34 from an opposing voltage generating
circuit, not shown. Further, the liquid crystal layer 35 is held
between the pixel electrode 32 and the opposing electrode 34,
and the peripheries of the array substrate 24 and the above-
mentioned opposing substrate are sealed by a sealing mem-
ber, not shown. It is to be noted that a liquid crystal material
used for the liquid crystal layer 35 may be any material, but
for example, a ferroelectric liquid crystal, a liquid crystal in
an OCB (Optically Compensated Bend) mode, or the like is
suitable as the liquid crystal material.

[0082] The scanning line driving circuit 26 is configured of
a shift resistor, a level shifter, a buffer circuit and the like,
which are not shown. This scanning line driving circuit 26
outputs a row selection signal to each scanning line 22 based
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upon a vertical start signal and a vertical clock signal output-
ted as control signals from a display ratio controlling unit, not
shown.

[0083] The signal line driving circuit 25 is configured of an
analog switch, a shift resistor, a sample hold circuit, a video
bus and the like, which are not shown. A vertical start signal
and a vertical clock signal outputted as control signals from
the display ratio controlling unit, not shown, are inputted into
the signal line driving circuit 25, and also an image signal is
inputted therein.

[0084] The liquid crystal controlling unit 15 controls the
liquid crystal panel 16 so as to have a liquid crystal transmit-
tance after the correction by the liquid crystal transmittance
corrector 12.

Effect Relevant to Present Embodiment

[0085] According to the image display apparatus relevant
to the present embodiment, it is possible to make an image
display with a wide dynamic range and low consumption
power with fluctuations in luminance alleviated due to the
averaging effect and the flickering thus suppressed.

Second Embodiment

[0086] An image display apparatus according to a second
embodiment of the present invention is described with refer-
ence to drawings.

Configuration of Image Display Apparatus

[0087] FIG. 14 shows a configuration of the image display
apparatus according to the present embodiment. The image
display apparatus according to the second embodiment is
vastly different from the image display apparatus according
to the first embodiment in that the light-emission intensity
and the light-emission timing of each of a plurality of light
sources constituting a backlight 44 are individually control-
lable by a backlight controlling unit 43. Further, the image
display apparatus according to the present embodiment desir-
ably has a luminance distribution calculating unit 47, and in
the present embodiment, it is assumed that the apparatus has
the luminance distribution calculating unit 47.

[0088] In the following, the configuration and operation of
each unit are described in detail.

Backlight 44

[0089] The backlight 44 has a plurality of light sources.
These light sources are individually lighted strongly or
weakly by control of the backlight controlling unit 43, and
irradiate the liquid crystal panel 46 from the back surface
thereof.

[0090] FIGS. 15(a-1), (a-2), (b), and (c) show a configura-
tion of one specific example of this backlight 44. As shown in
FIGS.15(a-1), (a-2), (b), and (c), the backlight 44 has at least
not less than one light sources. The arrangement of the light
sources may be a direct type as shown in FIGS. 15(a-1), (a-2),
(b), where the light sources are arranged on the back surface
of the liquid crystal panel 46, or may be an edge light type as
shown in FIG. 15(c), where the light sources are arranged on
the side surfaces of the liquid crystal panel 46 and light is led
to the back surface of the liquid crystal panel 46 by a light
guiding board or a reflector, not shown, to irradiate the liquid
crystal panel 46 from the back surface thereof.

[0091] Although each light source is shown in FIG. 15 as if
it is configured of a single light-emitting element, the light
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source may be configured of a single light-emitting element
as in FIG. 16A, or may be configured such that a plurality of
light-emitting elements are arranged along a surface which is
parallel or vertical to the liquid crystal panel 46 as in FIG.
16B.

[0092] An LED, a cold-cathode tube, a hot-cathode tube,
and the like are suitable for the light-emitting element. The
LED is particularly preferably used as the light-emitting ele-
ment since the LED has a large width between the maximum
light emittable luminance and the minimum light emittable
luminance and hence its light emission can be controlled in a
high dynamic range. The light-emission intensity (light-
emission luminance) and the light-emission timing of the
light source are controllable by the backlight controlling unit
43.

Backlight Controlling Unit 43

[0093] The backlight controlling unit 43 makes each light
source, constituting the backlight 44, lighted strongly or
weakly based upon the luminance modulation ratio of each
light source calculated by a luminance calculating unit 41.
The backlight controlling unit 43 is capable of independently
controlling the light-emission intensity (light-emission lumi-
nance) and the light-emission timing of each light source
constituting the backlight 44.

Luminance Calculating Unit 41

[0094] FIG. 17 shows a constitution example of the lumi-
nance calculating unit 41 according to the second embodi-
ment. The luminance calculating unit 41 calculates, from an
image signal, a luminance modulation ratio of each light
source which is suitable for a display. The luminance calcu-
lating unit 41 according to the second embodiment is vastly
different from the luminance calculating unit 11 according to
the first embodiment in the configuration of a mean value
calculating unit 51.

[0095] Themean value calculating unit 51 of the luminance
calculating unit 41 according to the second embodiment cal-
culates, with respect to each light source constituting the
backlight 44, a mean value of the RGB maximum luminance
from the RGB maximum luminances of a plurality of pixels
within a spatial range corresponding to an irradiation range of
each light source on the liquid crystal panel 46. The spatial
range as an object for calculating the mean value with respect
to each light source may be a spatial range substantially
agrees with the irradiation range of each light source, or may
be a larger or smaller spatial range than this.

[0096] The luminance calculating unit 41 according to the
second embodiment outputs a value, obtained by multiplying
a mean relative luminance with respect to each light source
which was calculated in the average value calculating unit 51
by a square root of a display dynamic range of the liquid
crystal panel 46, as aluminance modulation ratio of each light
source.

[0097] Or, the luminance calculating unit 41 may be modi-
fied in manners as described below.

Modified Example 1 of Luminance Calculating Unit 41
According to Second Embodiment

[0098] Asshownin FIG. 18, the luminance calculating unit
41 of the present embodiment may be configured to reference
a weighting factor previously set in the mean value calculat-
ing unit 52 and calculates a weighted mean within the spatial
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range corresponding to the irradiation range on the liquid
crystal panel 46 of the light source.

[0099] A mean value calculating unit 52 of the present
modified example calculates a weighted mean of the RGB
maximum luminance from RGB maximum luminances of a
plurality of pixels. The weighting factor may be a factor, for
example as shown in FIG. 19, with which a weight is defined
with respect to a spatial coordinate in the irradiation range of
each light source. As the weighting factor, a weighting factor
periodically having a low-pass characteristic, such as a Gaus-
sian filter, can be used. In the mean value calculating unit 52
ofthe present modified example, the spatial range as an object
for calculating a weighted mean may be a range of the whole
liquid crystal panel 46 or a range smaller than this.

[0100] There is an advantage in calculating the weighted
mean by use of the weighting factor periodically having a
low-pass characteristic such that, when a shade shifts on an
image signal between irradiation ranges of adjacent light
sources, it is possible to make a change in lighting pattern of
the backlight 44 smoothly follow up the shift of the shade.

Modified Example 2 of Luminance Calculating Unit 41

[0101] Or, as shown in FIGS. 20A, 20B and 20C, the lumi-
nance calculating unit 41 may be configured to apply resolu-
tion conversion to an image signal, an RGB maximum signal
calculated in the RGB maximum value calculator 21, or an
RGB maximum luminance calculated in the gamma convert-
ing unit 22, before the calculation of a weighted mean within
a spatial region corresponding to an irradiation range of each
light source in the mean value calculating unit 52.

[0102] The resolution converting unit 53 in the luminance
calculating unit 41 of the present modified example converts
an image signal, an RGB maximum signal or an RGB maxi-
mum luminance into a signal with a rougher space resolution
than that of the image signal inputted into the image display
apparatus. As a resolution converting technique of the reso-
lution converting unit 53 in the luminance calculating unit 41
of the present modified example, there can be used a known
resolution converting technique besides a technique for sim-
ply sparsely sampling input signals and a technique for apply-
ing a low-pass filter to input signals and then sparsely sam-
pling the input signals.

[0103] With the luminance calculating unit 41 configured
in this manner, it is possible to improve the follow-up char-
acteristic of the lightening pattern of the backlight 44 at the
time of shift of ashade on an image signal betweenirradiation
ranges of adjacent light sources with a smaller computing
amount than that in Modified Example 1 of the luminance
calculating unit 41 according to the second embodiment.

Modified Example 3 of Luminance Calculating Unit 41

[0104] Or, as shown in FIGS. 21A and 21B, the luminance
calculating unit 41 may be configured to calculate a mean
value within a spatial region corresponding to an irradiation
range on the liquid crystal panel 46 with respect to each light
source in the average value calculating unit 51, and thereafter
apply filtering to the calculated mean value or the luminance
modulation ratio.

[0105] A filter 54 in the luminance calculatingunit 41 of the
present modified example applies filtering in the spatial direc-
tion to the mean value or the luminance modulation ratio
corresponding to each light source based upon the relation
among the irradiation position of each light source. As the
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filter 54 in the luminance calculating unit 41 of the present
modified example, a filter having a low-pass characteristic in
terms of a spatial frequency, such as the Gaussian filter, can be
used.

[0106] With the luminance calculating unit 41 configured
in this manner, it is possible to improve in some degree the
follow-up characteristic of the lightening pattern of the back-
light 44 at the time of shift of a shade on an image signal
between irradiation ranges of adjacent light sources with a
smaller computing amount than that in Modified Example 1
of the luminance calculating unit 41 according to the second
embodiment.

Luminance Distribution Calculating Unit 47

[0107] The luminance distribution calculating unit 47
according to the second embodiment calculates, from a lumi-
nance modulation ratio of each light source which was cal-
culated by the luminance calculating unit 41, an expected
value of the luminance distribution of light that is actually
incident on the liquid crystal panel 46 from the backlight 44 at
the time of lighting of the backlight 44 with the luminance
modulation ratio.

[0108] Since each light source of the backlight 44 has a
light-emission distribution in accordance with an actual hard-
ware configuration, the intensity oflight incident on the liquid
crystal panel 46 by lightening of the light source also has a
distribution in accordance with the actual hardware configu-
ration. Here, the intensity of the light incident on the liquid
crystal panel 46 is expressed simply as the luminance of the
backlight 44 or the light source. FIG. 22 shows an example of
the luminance distribution of the light source. This luminance
distribution is a distribution symmetrical to the center of the
irradiation range of each light source, with the relative lumi-
nance decreasing as drawing away from the center of the
irradiation range of the light source. The relative luminance at
each coordinate at the time of lightening of the n-th light

source “n” with a luminance modulation ratio “L,,, ,”, can be
expressed using this luminance distribution:
Lr ¥ ) Letn L wd') [Formula 5]

[0109] InFormula(5), (x',,v',) s arelative coordinate of a
point from the center of the irradiation range of the light
source “n”, and “L,, " is a luminance distribution of the light
source “n” at that point.

[0110] Theluminance distribution of the backlight 44 at the
time of lighting of each light source of the backlight 44 with
the luminance modulation ratio “L,,, ,” is calculated as a sum
of values each obtained by multiplying the luminance distri-
bution of each light source by the luminance modulation ratio
of each light source.

[0111] FIG. 23 schematically shows a method for calculat-
ing an expected value of the luminance distribution of the
backlight 44. Namely, the luminance distribution of the back-
light 44 is calculated by Formula (6) below by use of the
luminance distribution “L,, ,”.

N [Formula 6]
i 9= ) ALsen- Lyl = Xop V= You)}

n=1

[0112] InFormula(6),(X,y)isacoordinate ofa pixel onthe
liquid crystal panel 46, and (x,,, ¥,,,) is a coordinate of the
center of the irradiation range of the light source “n” on the
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liquid crystal panel 46. Symbol “N” denotes a total number of
light sources. In Formula (6), although it is defined that the
luminance modulation ratio and the luminance distribution of
every light source is used in obtaining the luminance in a
certain pixel, a luminance modulation ratio and a luminance
distribution of a light source which have a small influence on
the luminance of that pixel can be omitted in calculation of the
luminance.

[0113] The luminance distribution of each light source
which is used in calculation of the luminance distribution of
the backlight 44 may be directly calculated by approximating
this with an appropriate function, or may be calculated using
a previously prepared lookup table.

Liquid Crystal Transmittance Corrector 42

[0114] The liquid crystal transmittance corrector 42 cor-
rects a transmittance of an image signal in each pixel of the
liquid crystal panel 46 based upon the inputted image signal
and the expected value of the luminance distribution of the
backlight which was calculated in the luminance distribution
calculating unit 47, and outputs the image signal with the
corrected transmittance to aliquid crystal controlling unit 45.
FIG. 24 shows a configuration of one specific example of this
liquid crystal transmittance corrector 42.

[0115] This liquid crystal transmittance corrector 42
includes the gamma converting unit 31, a division unit 61 and
the gamma correcting unit 33.

[0116] The liquid crystal transmittance corrector 42
according to the second embodiment is vastly different from
the liquid crystal transmittance corrector 12 according to the
first embodiment in that the division unit 61 calculates a
corrected light transmittance from corrected light transmit-
tances of R, G, B of each pixel which were calculated in the
gamma converting unit 31 and the expected value of the
luminance distribution of the backlight 44 which was calcu-
lated in the luminance distribution calculating unit 47.
[0117] The division unit 61 according to the second
embodiment calculates a corrected light transmittance from
the corrected light transmittances of R, G, B of each pixel
which were calculated in the gamma converting unit 31 and
the expected value of the luminance distribution of the back-
light 44 which was calculated in the luminance distribution
calculating unit47. Computing in the division unit 61 may be
computing by a divider configured so as to divide the light
transmittances of R, G, B of each pixel which were calculated
in the gamma converting unit 31 by the expected value of the
luminance distribution of the backlight which was calculated
in the luminance distribution calculating unit 47, or may be
modified to computing in which a lookup table that previ-
ously holds relations of values corresponding to input and
output are held and a corrected light transmittance is calcu-
lated with reference to this lookup table.

Liquid Crystal Panel 46 and Liquid Crystal Controlling Unit
45

[0118] The liquid crystal panel 46 and the liquid crystal
controlling unit 45 according to the second embodiment may
be the same as the liquid crystal panel 16 and the liquid crystal
controlling unit 15 according to the first embodiment.

Effects of the Present Embodiment

[0119] According to the image display apparatus of the
present embodiment, it is possible to alleviate fluctuations in
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luminance due to a mean effect and thus suppress flickering,
and also to make an image display with a wider dynamic
range and lower consumption power than those of the image
display apparatus according to the first embodiment.

1. An image display apparatus for displaying images based
on an input image, comprising:

a backlight configured to emit light;

aliquid crystal panel configured to modulate light emitted
from said backlight to make an image display;

a backlight luminance calculating unit configured to cal-
culate a light-emission luminance of said backlight such
that a center value of a luminance range displayable on
said liquid crystal panel defined depending on the light-
emission luminance of said backlight substantially
agrees with a center value of luminances of each pixel
forming the input image;

a backlight controlling unit configured to control light
emission of said backlight so that the light is emitted
with the calculated light-emission luminance;

aluminance correcting unit configured to correct the lumi-
nances of each pixel in the input image in accordance
with said calculated light-emission luminance; and

a liquid crystal controlling unit configured to control
modulation of said liquid crystal panel based upon the
corrected input image.

2. The apparatus according to claim 1, wherein said back-
light luminance calculating unit multiples a center value of
the luminances of said each pixel by a square root of a display
dynamic range of said liquid crystal panel to obtain the light-
emission luminance of said backlight.

3. The apparatus according to claim 1, wherein the center
value of the luminances of said each pixel is a mean value of
the luminances of said each pixel.

4. The apparatus according to claim 1, wherein the center
value of the luminances of said each pixel is a Median Value
of the luminances of said each pixel.

5. The apparatus according to 1, wherein the center value of
the luminances of said each pixel is a mode value of the
luminances of said each pixel.

6. The apparatus according to claim 1, wherein said lumi-
nance correcting unit divides the luminances of said each
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pixel by said calculated light-emission luminance to correct
the luminances of said each pixel.

7. The apparatus according to claim 1, wherein

said backlight includes a plurality of light sources whose

each light-emission luminance are individually control-
lable; and
said backlight luminance calculating unit calculates the
light-emission luminance of each of said light sources
by use of pixels within a spatial range depending on an
irradiation range of each of said light sources to said
liquid crystal panel.
8. The apparatus according to claim 7, wherein
said backlight luminance calculating unit stores weighed
coefficients in accordance with each relative position of
the pixels within the spatial region of each of the light
sources, and calculates a weighted mean of the lumi-
nances of pixels within the spatial region of each of the
light sources, respectively, and multiplies the calculated
weighted mean by a square root of a display dynamic
range of said liquid crystal panel to obtain the light-
emission luminance of each of the light sources, respec-
tively.
9. An image display method performed using a backlight
configured to emit light and a liquid crystal panel configured
to modulate light emitted from said backlight to make an
image display, comprising:
calculating a light-emission luminance of said backlight
such that a center value of a luminance range displayable
on said liquid crystal panel defined depending on the
light-emission luminance of said backlight substantially
agrees with a center value of luminance of each pixel
forming an input image;
controlling light emission of said backlight so that the light
is emitted with the calculated light-emission luminance;

correcting the luminance of each pixelin the input image in
accordance with said calculated light-emission lumi-
nance; and

controlling modulation of said liquid crystal panel based

upon the corrected input image.
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