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LIQUID CRYSTAL DISPLAY APPARATUS
AND PROGRAM USED FOR THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play apparatus.

[0003] 2. Description of the Related Art

[0004] U.S.Pat.No. 6,727,872 discloses an image process-
ing method for reducing a potential difference corresponding
to a gradation level (or value) between black and white in the
adjacent pixel so as to reduce disclination, which means a
liquid crystal molecular orientation failure.

[0005] Inordertorestrain the disclination using the method
disclosed in U.S. Pat. No. 6,727,872 to a permissible level, an
adjustment is required to gradually change potential differ-
ences of several to dozens of pixels on edges of an image and
thus makes dull the edge of the image (or lowers the sharpness
of the image). This problem is conspicuous in a liquid crystal
display apparatus of a micro display type, such as a projec-
tion-type display apparatus, because its pixel size is small. In
addition, there is a demand for preventing the discontinuous
or uneven brightness in an image.

SUMMARY OF THE INVENTION

[0006] The prevent invention provides a liquid crystal dis-
play apparatus that can reduce disclination as well as restrain-
ing image quality deterioration.

[0007] A liquid crystal display apparatus configured to dis-
play an input image signal using a liquid crystal display
element includes a feature amount generator configured to
generate a feature amount based on the number of pixel pairs
that satisfy a correspondence relationship between a grada-
tion value of a target pixel and a gradation value of a sur-
rounding pixel around the target pixel for an image repre-
sented by the input image signal, a processor configured to
provide processing so as to set a correction value that reduces
a dynamic range of a gradation value of the input image signal
when the feature amount is larger than a first threshold, and so
as not to set the correction value when the feature amount is
equal to or smaller than the first threshold, and a liquid crystal
driver configured to drive the liquid crystal display element
based on the input image signal that has been corrected by the
correction value.

[0008] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a perspective overview of a liquid crystal
projector (liquid crystal display apparatus), to which the
present invention is applicable.

[0010] FIG. 2 is a block diagram of the liquid crystal pro-
jector illustrated in FIG. 1.

[0011] FIG. 3 is a block diagram of a feature amount gen-
erator illustrated in FIG. 2.

[0012] FIGS. 4A-4C are views for explaining an operation
of the feature amount generating circuit illustrated in FIG. 3.
[0013] FIGS. 5A and 5B are graphs for explaining a cor-
rection characteristic of a gradation value performed by a
level corrector illustrated in FIG. 2.
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[0014] FIG. 6 is a flowchart for explaining an operation of
a CPU illustrated in FIG. 2 according to first, second, and
third embodiments.

[0015] FIGS. 7A and 7B are correction value tables of
S1103 illustrated in FIG. 6 according to the first, second, and
third embodiments.

[0016] FIGS. 8A and 8B are views for explaining image
processing according to the third embodiment.

[0017] FIG. 9 is a flowchart for explaining another opera-
tion of the CPU illustrated in FIG. 2 according to a fourth
embodiment.

[0018] FIG.10isanexplanatory view relating to a scan area
when the feature amount generating circuit generates a fea-
ture amount.

[0019] FIG. 11 is a flowchart of generating a feature
amount.

DESCRIPTION OF THE EMBODIMENTS

[0020] FIG. 1 is a perspective overview of a liquid crystal
projector 100 (liquid crystal display apparatus) configured to
display an input image signal using a liquid crystal display
element, to which the present invention is applicable. An
image signal output from a video player 2 is input into the
liquid crystal projector 100 through a video cable 4. The
liquid crystal projector 100 is an image projecting apparatus
configured to project, as a projected image 8, light modulated
by a liquid crystal display element, such as a liquid crystal
panel, in accordance with an input image signal, onto a screen
6 (a surface to be projected).

[0021] FIG. 2 is a block diagram of the liquid crystal dis-
play apparatus 100. The liquid crystal display apparatus 100
includes an image processor 10, a feature amount generator
20, a CPU 30, a level corrector 40, a liquid crystal driver 50,
and an optical system 60.

[0022] The image processor 10 performs processing for an
input image signal, such as a brightness correction, a contrast
correction, a gamma correction, and a chromatic conversion.
[0023] The feature amount generator 20 is connected to the
image processor 10, and generates a feature amount that
numerically represents an incidence state of a disclination in
the image signal output from the image processor 10.

[0024] FIG. 3 is a block diagram of the feature amount
generator 20. The feature amount generator 20 includes a
delay circuit 22, a line memory 24, a feature amount gener-
ating circuit 26, and a random access memory (“RAM”) 28.
[0025] The delay circuit 22 stores data of the input image
signal into the line memory 24, delays it, and then reads it out.
The line memory 24 stores data of the input image signal for
maximum three horizontal lines. The delay circuit 22 reads
gradation data for past two horizontal lines from the line
memory 24, and inputs it into the feature amount generating
circuit 26. The feature amount generating circuit 26 generates
a feature amount, and stores it in the RAM 28. The feature
amount stored in the RAM 28 contains information based on
the number of pixel pairs that satisfy a correspondence rela-
tionship between a gradation value of a target pixel and a
gradation value of a surrounding pixel around the target pixel.
According to this embodiment, the feature amount is
expressed in tables illustrated in FIGS. 4B and 4C.

[0026] Turning back to FIG. 2, the CPU 30 is connected to
the feature amount generator 20 and the level corrector 40,
and includes a memory (storage) (not illustrated) configured
to store a correction value table illustrated in FIGS. 7A and 7B
and a control method illustrated in FIG. 6, which will be
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described later. The CPU 30 is a microcomputer (processor)
configured to read out a feature amount from the RAM 28 in
the feature amount generator 20, to set the level correction
amount (correction parameter) to the level corrector 40 in
accordance with the feature amount, and to control a power or
a condition of each component in the liquid crystal projector
100.

[0027] The level corrector 40 is connected to the feature
amount generator 20 and the CPU 30. The level corrector 40
corrects a level in the image signal so as to reduce the discli-
nation.

[0028] The liquid crystal driver 50 is connected to the level
corrector 40, converts the image signal corrected by the level
corrector 40 into a liquid crystal driving signal, and drives the
liquid crystal display element 66 in the optical system 60.
[0029] The optical system 60 includes a lamp 62, an illu-
mination optical system 64, a liquid crystal display element
66, and a projection optical system 68. The light emitted from
the lamp 62 passes the illumination optical system 64, is
modified by the liquid crystal display element 66, and is
projected onto the screen 6 as the projected image 8 through
the projection optical system (projection lens) 68. The liquid
crystal display element 66 is connected to the liquid crystal
driver 50, and modifies the incident light flux based on the
liquid crystal driving signal from the liquid crystal driver 50.

First Embodiment

[0030] Inthe first embodiment, the CPU 30 commonly sets
a disclination correcting amount to the overall image to the
level corrector 40. FIG. 4A illustrates an arbitrary 3x3 pixel
matrix in the image expressed by the image signal. FIG. 4B
illustrates a table representative of a white-side feature
amount (where “w” in Nw means white). FIG. 4C illustrates
a table representative of a black-side feature amount (where
“bk” in Nbk means black).

[0031] Since there are eight bits in this embodiment, a
white’s gradation level (gradation value) is 255, which cor-
responds to 8V. A black’s gradation level is 0, which corre-
sponds to OV. The table representative of the white-side fea-
ture amount is a table used when the gradation value of the
target pixel is close to 255. The table representative of the
black-side feature amount is a table used when the gradation
value of the target pixel is close to 0.

[0032] In the first embodiment, the feature amount gener-
ating circuit 26 compares the gradation value of the target
pixel A illustrated in FIG. 4A with the gradation values of the
surrounding pixels B, to Bg around the target pixel A, and
counts the number of feature amounts classified in matrices
illustrated in FIGS. 4B and 4C.

[0033] There are eight surrounding pixels B, to Bg in FIG.
4A, but one or more of pixels among these pixels B, to By may
be selected as a compared object according to the initial liquid
crystal molecular orientation state and the driving mode. This
embodiment sets two surrounding pixels B, and Bs to the
compared objects, and the feature amount is obtained by
comparing the gradation values of these two surrounding
pixels B, and B with the gradation value of the target pixel.
[0034] FIG. 10 is an explanatory diagram relating to a scan
area when the feature amount generator 20 generates a feature
amount, and illustrates a relationship between a display area
of the liquid crystal display element and a coordinate of the
target pixel A. FIG. 10 illustrates the liquid crystal display
element having a resolution comprised of H pixels in the
horizontal direction and V pixels in the vertical direction.
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Herein, assume a coordinate system having an origin at the
upper left corner pixel in the display area. The target pixel A
is defined as a coordinate (Ax, Ay), which may be other than
the outermost coordinates in the display area.

[0035] FIG. 11 illustrates an operational flow of the feature
amount generator 20.

[0036] S1501 is started with a trigger of a signal in synchro-
nization with a frame of each input image. A first target pixel
is set as (Ax, Ay)=(1, 1) which is retreated inside by one pixel
each from the upper left corner pixel in the image.

[0037] InS1502, the gradation of the target pixel A is com-
pared with that of B,.

[0038] In S1503, when the conditions illustrated in FIGS.
4B and 4C are met, values made by adding 1 to the feature
amounts Nw_ij and Nbk_ij that satisfy the condition are
written down in the RAM 28 (where each of and j is a natural
number selected from 1 to 5).

[0039] Similar to S1502 and S1503, the qualified feature
amounts are added in S1504 and S1505 after the gradation of
the target pixel A is compared with that of B,.

[0040] In S1506 and S1507, whether processing from
S1502 to S1506 has been performed for the overall area for
which the feature amount is generated.

[0041] A description will now be given of a calculative
example of a specific feature amount. For instance, when the
gradation value of the target pixel A is 215, the position is the
uppermost row position in FIG. 4B, and when the gradation
value of the surrounding pixel B, is 185, the feature amount
generating circuit 26 adds 1 to the value of Nw_11. The
feature amount generating circuit 26 adds 1 to the value of
Nw_11 when the gradation value of the surrounding pixel B
is 185. The feature amount generating circuit 26 adds 1 to the
value of Nw_12 when the gradation value of the surrounding
pixel By is 195. Another uncounted element, such as Nw_13,
remains 0 in FIGS. 4B and 4C since nothing is added to it.
[0042] Similarly, the feature amount generating circuit 26
sequentially sets the target pixel A to each of all pixels in the
image, produces data illustrated in FIGS. 4B and 4C in super-
imposed (added) states, and generates a feature amount of the
disclination in the image signal. In other words, the feature
amount generating circuit 26 generates the number of pixel
pairs that satisfy the correspondence in the table, and the
feature amount in this embodiment represents a relationship
among the gradation value of the target pixel A and the gra-
dation value of the surrounding pixel and the number of
surrounding pixels.

[0043] This embodiment adopts two types of tables: One
type is atable (matrix) illustrated in FIG. 4B which represents
acombination between the white gradation (gradation 255) or
almost white gradation and the intermediate gradation of the
adjacent pixel level. The other type is a conditional matrix
illustrated in FIG. 4C which represents a combination
between the black gradation (gradation 0) or almost black
gradation and the intermediate gradation of the adjacent pixel
level. However, the classification of the condition is not lim-
ited to this embodiment. For example, the number of rows and
the number of columns in the conditional matrix may be
increased or three types or more of conditional matrices may
be used.

[0044] The level corrector 40 is a circuit having an input/
output characteristic illustrated in FIG. 5A, and a blacks-side
offset amount 701 and a white-side offset amount 702 are
configured independently settable from the outside. The level
corrector 40 reduces a dynamic range of the driving voltage of
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the liquid crystal display element 66. The abscissa axis in
FIG. 5A denotes a gradation value of the input image, and its
ordinate axis denotes a gradation value of the output image.
The offset amounts 701 and 702 serve as correction amounts.
The dynamic range is reduced by decreasing the maximum
value of the driving voltage used to drive the liquid crystal or
by increasing the minimum value or by the combination
thereof. Reducing of the dynamic range of the driving voltage
means reducing of the dynamic range of the gradation value
in the input image signal.

[0045] FIG. 5B is a graph illustrating a relationship
between an input gradation value and display brightness in
the general liquid crystal display element, and nonlinear char-
acteristics can be seen near white (with brightness of 1) and
near black (with brightness of 0) in which the brightness
variation ratio to the input gradation is very small. Since the
brightness variation of the displayed image is small, the influ-
ence upon the displayed image by the reduced dynamic range
of the driving voltage is little recognized even when the
dynamic range of the driving voltage is reduced by the black-
side offset amount 701 and the white-side offset amount 702.
In the meanwhile, although FIG. 5B illustrates the offset
amounts 701, 702 are about 130 and 50, this embodiment sets
the offset amount 701 to about 5 and the offset amount 702 to
about 7.

[0046] The set values of the reducing offset amounts 701,
702 of the dynamic range of the driving voltage may be set
based on the characteristic representative of the relationship
between the input gradation and the brightness of the liquid
crystal display element so that the black-side offset amount
701 can be larger than the white-side offset amount 702. This
configuration can restrain the brightness variation and more
effectively reduce the disclination.

[0047] FIG. 6 is a flowchart for explaining an operation of
the CPU 30 according to the first embodiment, and “S” stands
for a step. The flowchart illustrated in FIG. 6 is implemented
as a computer executable program.

[0048] In the initial state, both of the offset amounts 701,
702 are set to 0, and stored in the memory (not illustrated). In
other words, the correction value at the initial state is 0 and, in
this case, the characteristic illustrated in FIG. 5A is a diagonal
line of Out=In.

[0049] The CPU 30 first sets x=1 and y=1 (S1101), and
reads the feature amounts illustrated in FIGS. 4B and 4C from
the RAM 28 (S1102). Next, the CPU 30 determines whether
the value of the white-side feature amount (Nw_11) illus-
trated in FIG. 4B is larger than or equal to or smaller than a
first threshold 10,000 (S1103).

[0050] When the CPU 30 determines that the number of
white-side feature amounts (Nw_11) is larger than the thresh-
old of 10,000, the CPU 30 obtains a reference value by refer-
ring to the correction value table illustrated in FIGS. 7A and
7B (S1104). FIG. 7A is a table for the white-side correction
value corresponding to the offset amount 702 illustrated in
FIGS. 5A and 5B, and FIG. 7B is a table for the black-side
correction corresponding to the offset amount 701 illustrated
in FIGS. 5A and 5B. Since the correction value (offset
amount) corresponding to Nw_11 is 1, the CPU 30 obtains
this as a reference value.

[0051] Next, the CPU 30 determines whether the reference
value is larger than the current correction value (S1105), and
if so replaces the current value (S1106). As discussed above,
in the initial state, the correction value is 0, and the reference
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value of 1 is larger. Thus, the CPU 30 sets and stores in the
memory (not illustrated) the reference value of 1 as a current
correction value.

[0052] AfterNOofS1103,NOofS11050rS1106, the CPU
30 determines whether there is another non-investigated com-
bination of x and y (where x=1 to 5 and y=1 to 5) (S1107).
When there is another x and y combination, x or y is incre-
mented (S1108) and the flow returns to S1102.

[0053] For example, when the CPU 30 determines the
white-side feature amount (Nw_12) is larger than the first
threshold 10,000 (S1103), the CPU 30 refers to the correction
table illustrated in FIG. 7A and obtains the reference value 2
corresponding to Nw_12 (S1104). Then, the CPU 30 deter-
mines whether the reference value 2 is larger than the current
correction value 1 (S1105), and since it is larger than the
current correction value 1, the CPU 30 replaces it with the
correction value 2 (S1106).

[0054] When the CPU 30 determines that it has obtained
feature amounts for all combinations of x and y (§1107), the
CPU 30 determines the white-side offset amount 702
(S1109). Herein, the maximum correction value is set for all
the combinations of x and y, and this becomes the white-side
offset amount 702.

[0055] The CPU 30 performs a similar flow for the black-
side feature amount (Nbk_xy) so to as determine the black-
side correction amount, and determines the black-side offset
amount 701 (S1110 to S1118). Finally, the CPU 30 sets the
determined correction amounts (offset amounts 701, 702) to
the level corrector 40 (S1119).

[0056] The conventional process sets the correction value
only for an edge of an image in which the disclination occurs
rather than for the entire image, and an image deterioration
problem occurs, such as reduced sharpness.

[0057] On the other hand, in this embodiment, the CPU 30
performs processing for the entire image so as to set a cor-
rection value that reduces the dynamic range of the gradation
value of the input image signal when the feature amount is
larger than the first threshold, and so as not to set the correc-
tion value when the feature amount is equal to or smaller than
the first threshold. Therefore, the image deterioration can be
reduced.

[0058] This embodiment can display an image in which the
disclination is reduced without discontinuing a gradation
value at an edge of an image (therefore without damaging the
sharpness). Of course, an area of the image processing may be
set to a rectangular shape having one hundred pixels or more
in one side.

[0059] The CPU 30 may performs weighing based on
image correcting priority by differently setting the thresholds
0f S1103 and S1112 in accordance with feature amount indi-
ces x and y. In addition, while S1105 and S1114 adopt the
maximum correction value, these values may be weighed in
accordance with the feature amount indices x and y.

[0060] The feature amount generating circuit 26 generates
the feature amount by counting the number of pixel pairs that
satisfy the combination of the table illustrated in FIGS. 4B
and 4C, the method of generating the feature amount is lim-
ited to this embodiment. For example, the feature amount
may be set to a value of an evaluation function that uses, as a
variable, the existence of the pixel that satisfies the combina-
tional condition of the table illustrated in FIG. 4B or 4C.

Second Embodiment

[0061] The second embodiment divides the image into a
plurality of rectangular areas, and commonly sets the correc-
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tion amount of the disclination to each area to the level cor-
rector 40. While the second embodiment thus divides the
display image into a plurality of areas, one side of each area
may be 100 pixels or more so as to maintain the sharpness.
[0062] The apparatus structure applied to the second
embodiment is similar to that illustrated in FIGS. 1to 3 of the
first embodiment. In addition, in the second embodiment, the
feature amount illustrated in FIGS. 4B and 4C are generated
for each area. The flow performed by CPU 30 is similar to that
illustrated in FIG. 6. Nevertheless, the offset amounts 701,
702 set in S1109 and S1118 is the offset amount for the entire
image in the first embodiment, whereas they are set for each
area in the second embodiment.

[0063] This embodiment changes the dynamic range of the
gradation value for each section having 100 pixels or more,
and can display an image in which the sharpness is main-
tained to some extent and the disclination is reduced.

Third Embodiment

[0064] The third embodiment is similar to the second
embodiment in that the image is divided into a plurality of
areas, each of which has 100 pixels in one side. However, in
the second embodiment, the discontinuous brightness may
occur at the boundary between an area in which the disclina-
tion is corrected and an area in which the disclination is not
corrected. Therefore, the third embodiment is different from
the second embodiment in that the third embodiment per-
forms image processing so as to provide a smoothly continu-
ous change of the brightness.

[0065] According to third embodiment, as illustrated in
FIG. 8A, the displayed area is divided into a plurality of
(16x10) areas, but the CPU 30 does not commonly set a
disclination correcting amount to each area, to the level cor-
rector 40.

[0066] The apparatus structure applied to the third embodi-
ment is similar to that illustrated in FIGS. 1 to 3 in the first
embodiment. In addition, in the third embodiment, the feature
amount illustrated in FIGS. 4B and 4C is generated for each
area. The flow performed by the CPU 30 is similar to that
illustrated in FIG. 6. Nevertheless, in the first embodiment,
the offset amounts 701 and 702 set in S1109 and S1118 are
offset amounts for the entire image, whereas they are set for
the central coordinate of each area in the third embodiment.
[0067] In other words, according to the third embodiment,
the offset amount for the central coordinate of each area is set
by the flow of illustrated in FIG. 6, and another offset of the
coordinate is set as illustrated in FIG. 8B.

[0068] InFIG. 8B, 801ato 804a denote central coordinates
of areas 801 to 804 illustrated in FIG. 8A. offset_a00 is a
correction amount that contains information of the offset
amounts 701, 702 set for the central coordinate 801a of the
area 801 in the flow illustrated in FIG. 6. offset_a0l is a
correction amount that contains information of the offset
amounts 701, 702 set for the central coordinate 802a of the
area 802 in the flow illustrated in FIG. 6. offset_alO is a
correction amount that contains information of the offset
amounts 701, 702 set for the central coordinate 803a of the
area 803 in the flow illustrated in FIG. 6. offset_all is a
correction amount that contains information of the offset
amounts 701, 702 set for the central coordinate 804a of the
area 804 in the flow illustrated in FIG. 6.

[0069] At this time, an offset of an arbitrary coordinate (i,j)
is found from the following expressions: When the offset
amount is not a positive number, the CPU 30 of this embodi-
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ment converts the offset amount into a positive value by
rounding. Next, the CPU 30 sets the offset amount obtained
for each coordinate, to the level corrector 40:

i Expression 1
offset_h0 = offset_a00+ ——(offset_a01 - offset_a00) xpression
H

offset_hl = offset_alO+ LL) (offset_all — offset_al0) Expression 2
L

Expression 3

offset_ij = offset_h0+ Di/ (offset_ahl — offset_h1)

s
1

[0070] Herein, denotes a distance in the horizontal
direction and “j”” denotes a distance in the vertical direction
from a central coordinate of a certain area to a coordinate at an
arbitrary position. Dx denotes a distance in the horizontal
direction and Dy denotes a distance in the vertical direction
between adjacent areas. offset_a** denotes a correction value
of a central coordinate of a certain area. offset_h* denotes a
value found through the interpolation calculation in the hori-
zontal direction. offset_ij is a correction amount at an arbi-
trary coordinate determined by the interpolation calculation.
[0071] This embodiment also performs processing that sets
a correction value for the entire image, and can display an
image in which the disclination is reduced and the sharpness
is maintained to some extent, instead of processing only for
the edge of the image. In addition, this embodiment can
obtain a natural image in which the level correction amount is
smoothly connected through interpolations between the adja-
cent areas.

[0072] While this embodiment utilizes an interpolation
operating means, another means may be used as long as an
image generating means that does not cause the brightness
discontinuity between areas. As a result of an investigation of
the visual confirmation, the effect of this embodiment can be
expected in the corrected image when the discontinuous
brightness change generated associated with the image cor-
rection falls within 5% or 2% or 1% of the displayed maxi-
mum brightness.

Fourth Embodiment

[0073] The fourth embodiment is similar to the second and
third embodiments in that the image is divided into a plurality
of rectangular areas, each of which has one hundred pixels or
more in one side. Even the image processing of the third
embodiment may cause non-uniform brightness at the bound-
ary between the area in which the disclination is corrected and
the area in which the disclination is not corrected. Accord-
ingly, the fourth embodiment performs image processing that
corrects an area that does not require a correction of the
disclination, so as to reduce the correctional difference from
the area in which the disclination is corrected and to make the
correctional difference unrecognized.

[0074] The apparatus structure applied to the fourth
embodiment is similar to that illustrated in FIGS. 1to 3 of the
first embodiment. In addition, in the fourth embodiment, the
feature amount illustrated in FIGS. 4B and 4C are generated
for each area. The flow performed by CPU 30 is similar to that
illustrated in FIG. 6. Nevertheless, the offset amounts 701,
702 set in S1109 and S1118 are the offset amounts set to the
central coordinate of each area similar to the third embodi-
ment.
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[0075] In the fourth embodiment, similar to the third
embodiment, the display image is divided into a plurality of
areas, but the CPU 30 does not commonly set the disclination
correcting amount to each area to the level corrector 40.
[0076] FIG. 9 is a flowchart for explaining an operation of
the CPU 30 according to the fourth embodiment, and “S”
stands for a step. The flowchart illustrated in FIG. 9 is imple-
mented as a computer executable program.

[0077] Initially, similar to the third embodiment, the CPU
30 obtains an offset amount for the central coordinate of each
area as described in the third embodiment using the flow
illustrated in FIG. 6 (S1201). This embodiment is different
from the third embodiment in that an obtained offset is a
provisional offset amount in the fourth embodiment. In addi-
tion, the CPU 30 does not perform S1119 illustrated in FIG. 6.
[0078] Next, the CPU 30 searches the white-side offset
amount 702 of the central coordinate of the entire area in the
image for the maximum value and the minimum value
(S1202), and determines whether a difference between the
brightness corresponding to the maximum value and the
brightness corresponding to the minimum value is larger than
a second threshold 0.1 (10%) (S1203).

[0079] The second threshold of S1203 is not limited, and
can be arbitrarily set. When the brightness difference between
areas falls within 10%, 7%, or 5%, the uneven brightness is
unlikely to stand out and the threshold in S1203 may be set so
that the brightness difference cannot exceed one of the above
values.

[0080] When determining that a difference between the
maximum value and minimum value is larger than 10%, the
CPU 30 modifies at least one of the maximum value and the
minimum value because the correction amount difference
between the areas is excessively large and the uneven bright-
ness may be caused in the corrected image (S1204).

[0081] In case of No of S1203 or after S1204, the CPU 30
sets the offset amount to the level corrector 40 (S1205).
S1205 corresponds to S1119. Thereafter, the offset amount at
the coordinate other than the central coordinate of each area is
set using Expressions 1 to 3 and the offset amount modified in
S1204.

[0082] This embodiment performs processing that sets the
correction value for the entire image instead of performing
processing only for the edge of the image, and can also
display an image in which the disclination is reduced and the
sharpness is maintained to some extent. In addition, this
embodiment can obtain a natural image in which the level
correction amount is smoothly connected through interpola-
tions between the adjacent areas. Moreover, this embodiment
can provide a high-quality image with little uneven bright-
ness.

[0083] This embodiment corrects the white-side offset
amount 702 in which the uneven correction can be relatively
visually recognized, but the black-side offset amount 701
may be similarly corrected.

[0084] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0085] This application claims the benefit of Japanese
Patent Application No. 2011-065099, filed Mar. 24, 2011,
which is hereby incorporated by reference herein in its
entirety.
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What is claimed is:

1. A liquid crystal display apparatus configured to display
an input image signal using a liquid crystal display element,
the liquid crystal display apparatus comprising:

a feature amount generator configured to generate a feature
amount based on the number of pixel pairs that satisfy a
correspondence relationship between a gradation value
of a target pixel and a gradation value of a surrounding
pixel around the target pixel for an image represented by
the input image signal;

a processor configured to provide processing so as to set a
correction value that reduces a dynamic range of a gra-
dation value of the input image signal when the feature
amount is larger than a first threshold, and so as not to set
the correction value when the feature amount is equal to
or smaller than the first threshold; and

a liquid crystal driver configured to drive the liquid crystal
display element based on the input image signal that has
been corrected by the correction value.

2. The liquid crystal display apparatus according to claim

1, wherein the feature amount generator sequentially sets the
target pixel to each of all pixels in the image, and generates a
feature amount of an overall image, and

wherein the processor sets the correction value for the
overall image.

3. The liquid crystal display apparatus according to claim

1, wherein the image includes a plurality of rectangular area,
each of which includes 100 pixels or more in one side,
wherein the feature amount generator generates a feature
amount for each area by sequentially setting the target
pixel for each of all pixels in each area, and

wherein the processor sets the correction value for each
area.

4. The liquid crystal display apparatus according to claim

1, wherein the image includes a plurality of rectangular area,
each of which includes 100 pixels or more on one side,
wherein the feature amount generator generates a feature
amount for each area by sequentially setting the target
pixel for each of all pixels in each area, and

wherein the processor sets the correction amount corre-
sponding to the feature amount of each area for a central
coordinate of each area, and sets a correction amount at
a coordinate other than the central coordinate of each
area through an interpolation and the correction amount
of the central coordinate of each area.

5. The liquid crystal display apparatus according to claim

4, wherein the processor modifies at least one of a maximum
value and a minimum value of the correction values of the
central coordinates so that the a difference between the maxi-
mum value and the minimum value ofthe correction values of
the central coordinates in the image can be smaller than a
second threshold, and

wherein the processor sets the correction amount of the
coordinate other than the central coordinate using the
interpolation and a modified correction amount of the
central coordinate.

6. The liquid crystal display apparatus according to claim

1, wherein the feature amount generator generates a plurality
of feature amounts in accordance with a plurality of gradation
value ranges of the target pixel and a plurality of gradation
value ranges of the surrounding pixel, and

wherein the processor modifies the first threshold in accor-
dance with the gradation value ranges of the surrounding
pixel.
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6

7. A program that enables a computer to execute a method a processing step of providing processing so as to set a
for displaying an input image signal on a display apparatus correction value that reduces a dynamic range of a gra-
using a liquid crystal display element, the method compris- dation Vglue of the input image signal when the feature
ing: amount is larger than a first threshold, and so as not to set
. . the correction value when the feature amount is equal to

a feature amount generating step of generating a feature or smaller than the first threshold: and
amount based on the pumb.er of pixel pairs that. satisfy a a liquid crystal driving step of driving the liquid crystal
correspondence relationship between a gradation value display element based on the input image signal that has

of a target pixel and a gradation value of a surrounding been corrected by the correction value.

pixel around the target pixel for an image represented by

the input image signal, ® ok k% ¥
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