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1
LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

1. Field of the 1nvention

The present invention relates to a liquid crystal display
servable as a projection display, a view finder, a head mount
display, and the like. In particular, the present invention
relates to a liquid crystal display capable of providing
high-quality images by conducting interpolation to correct a
nonlinear, uneven light intensity distribution caused by
uneven liquid crystal alignment, irregular film thickness, and
the like.

2. Description of Related Art

Generally, a liquid crystal display (hereinafter referred to
as LCD) has a problem of causing an uneven light intensity
distribution over a display screen due to an uneven align-
ment of liquid crystals or irregular film thickness.

To correct the problem, an LCD according to a related art
shown in FIG. 1 employs a gamma correction unit 301, a
weight shading correction unit 302, and a modulation shad-
ing correction unit 303.

Corrections made by these correction units of the related
art will be explained in connection with an LCD display
screen 20 shown in F1GS. 8 and 9.

FI1G. 8 shows the display screen 20 of an LCD 100. A
horizontal side of the display screen 20 is regularly divided
mto “M-1” sections, and a vertical side thereof into “N-1"
sections. In the example of F1G. 8, each side of the display
screen 20 is divided into ten sections. Each point that defines
a divided section is referred to as a pixel division point P(m,
n).

In the example of F1G. 8 where the display screen 20 is
divided into ten sections in each of the horizontal and
vertical directions, there are 121 pixel division points from
P(1, 1) to P(11, 11). In this case, “m” in P(m, n) is defined
as 1 =Em=(M-1), and “n” as 1=n=(N-1).

FI1G. 9 is an enlarged view showing a part 20a of F1G. 8.
In F1G. 9, a pixel on the display screen 20 is represented as
G(x, y) by employing x- and y-coordinates on the display
screen 20. A pixel G(x, y) is surrounded by four pixel
division points P(m, n), P(m+1, n), P(m, n+1), and P(m+1,
n+1). These four pixel division points surround a plurality of
pixels including G(x, y), G(x-1, y), G(x+1, y+1), and the
like. When the display screen 20 contains X pixels in the
horizontal direction and Y pixels in the vertical direction, the
variables X and y in G(X, y) are defined as 1=x=X, and
1=ysY.

<Gamma Correction>

In the related art of F1G. 1, a first correction to be made
is a gamma correction. An image signal S(x, y) for a pixel
(x. y) on the display screen is supplied to the gamma
correction unit 301. Generally, an LCD has a problem of
causing an error if a light modulation ratio (V-T character-
istic) is nonlinear relative to a voltage applied to liquid
crystals in accordance with an image signal. Although not
shown in F1G. 1, the gamma correction unit 301 stores
gradation correction values to conduct a gradation correction
against such a light modulation ratio error due to V-T
characteristics. By using the gradation correction values, the
gamma correction unit 301 corrects an error related to a
nonlinear light modulation ratio and provides an output
signal SG(x, y) to the weight shading correction unit 302.

<Weight Shading Correction>
The weight shading correction unit 302 carries out a
weight shading correction to correct differences in the
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2

threshold voltages of liquid crystals contained in display
pixels caused by uneven alignment of liquid crystals in a
liquid crystal alignment film, irregular film thickness, and
the like.

The weight shading correction unit 302 has a memory
(not shown) to beforehand store threshold voltage difference
correction values for the pixel division points, respectively.
Namely, the unit 302 stores threshold voltage difference
correction values STC_P(m, n), STC_P(m+1, n), STC_P(m,
n+l), and STC_P(m+1, n+1) for the pixel division points
P(m, n), P(m+1, n), P(m, n+1), and P(m+1, n+1), respec-
tively. With the use of these correction values, the unit 302
carries out the weight shading correction by executing the
below-mentioned expressions (1) and (2) in parallel and then
the below-mentioned expressions (3) and (4) sequentially
and provides an output signal SS(x, y). The signal SS(x, y)
is supplied to the modulation shading correction unit 303.

STCI(x, y) = STC_P(m, n) + {STC_P(m + 1, n) -
STC_P(m, n)} = (x —m) /{x/(m = 1)}

68}

STCI(x, y+ 1)=STC Pim, n+ 1) +{STC Pim+1,n+1) - 2)
STC_P(m, n+ 1)}« (x —m)/{x/ (m - 1)}
STC2(x, y) = STC(x, y) + {STCI(x, y + 1) - 3)
STCIx, )=y -m/{y/(n— 1}
SS(x, y) = STC2(x, y) + SG(x, y) 4

<Modulation Shading Correction>

The modulation shading correction unit 303 carries out a
modulation shading correction to correct differences in light
modulation among the liquid crystals of the display pixels
caused by uneven alignment of liquid crystals in the liquid
crystal alignment film, irregular film thickness, and the like.

The modulation shading correction unit 303 has a
memory (not shown) to store light modulation difference
correction values for the pixel division points, respectively.
Namely, light modulation difference correction values
DYN_P(m, n), DYN_P(m+1, n), DYN_P(m, n+1), and
DYN_P(m+1, n+1) are stored for the pixel division points
P(m, n), P(m+1, n), P(m, n+1), and P(m+1, n+1), respec-
tively.

With the use of the stored correction values, the modu-
lation shading correction unit 303 executes the below-
mentioned expressions (5) and (6) in parallel and then the
expression (7). Thereafter, the unit 303 employs the signal
SS(x, y) provided by the weight shading correction unit 302
to carry out the modulation shading correction by executing
the below-mentioned expression (8) and provides an output
signal SD(x, y).

DYNI(x,y)=DYN_Pim, n)+ {DYN_Pm+ 1, n) - (5)
DYN_Pim, n)} = (x —m) /{x/(m - 1}}
DYNI(x,y+1)=DYN _Pim, n+ 1) +{DYN Pm+ L,n+1)- (6)
DYN_P(m, n+ D}x(x—m)/{x/(m-1)}
DYN2(x, y)= DYNI(x, y) +{DYNI(x,y+ 1) - €}
DYNI(x, y)}=(y—m) [{y/(n =D}
SD(x, y) = DYN2(x, y) = SS(x, y) (8)

The output signal SD(x, y) from the modulation shading
correction unit 303 is converted into a display image signal
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A(x, y), which is subjected to a level conversion to provide
a liquid crystal drive signal level. As a result, a display
image signal V(X, y) is supplied to the corresponding pixel
to display an image.

The processes mentioned above usually employ LUTs
(lookup tables) that receive memory addresses and provide
corresponding data.

In this way, the LCD of the related art of FIG. 1 employs
the gamma correction unit 301 to correct a V-T characteristic
error according to the gradation correction values stored in
advance.

The gradation correction values according to the related
art are prepared without considering pixel positions and are
used to correct errors caused by uneven liquid crystal
alignment in an original alignment film and interference
fringes caused by light made incident to liquid crystals and
uneven film thickness. Namely, the related art is insufficient
to correct errors caused by uneven liquid crystal alignment
and irregular film thickness.

Japanese Unexamined Patent Application Publication No.
Hei-7-325308 discloses a technique of controlling spacer
detachment to improve image quality, and Japanese Unex-
amined Patent Application Publication No. 2000-206544
discloses a technique of improving image quality by con-
trolling contamination of liquid crystals due to contaminants
contained in a sealing agent. These techniques, however, do
not suggest a technique of correcting image signals accord-
ing to a display screen.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an LCD
capable of correcting unevenness more properly than the
related arts and providing high-quality images.

In order to accomplish the object, a first aspect of the
present invention provides an LCD having a first substrate
provided with display pixels arrayed in a matrix of X pixels
along a first side of the first substrate and Y pixels along a
second side of the first substrate, a second substrate arranged
in parallel with the first substrate, and liquid crystals sealed
between the first and second substrates, a voltage being
applied between the first and second substrates to display an
image. The LCD includes: a division point memory that
stores positional information about pixel division points that
regularly divide the X pixels into “M-1” (1=M=X) sec-
tions and the Y pixels into “N-1” (1=N=Y) sections; a
gradation correction value memory that stores, for each of
the pixel division points, gradation correction values that are
prepared in advance according to special test signals for
gradation division points, respectively, which regularly
divide a maximum gradation level characteristic to the LCD
into sections; a gradation level determination unit configured
to generate gradation level interpolation signals for pixel
division points related to an input image signal according to
the gradation correction values stored in the gradation
correction value memory; a horizontal interpolation unit
configured to find x-axis distances between a pixel position
of the input image signal and positions of the pixel division
points, and according to the found x-axis distances and the
gradation level interpolation signals, generate horizontal
interpolation signals; and a vertical interpolation unit con-
figured to find y-axis distances between the pixel position of
the input image signal and the positions of the pixel division
points, and according to the found y-axis distances and the
horizontal interpolation signals, generate an image signal to
be displayed on the LCD.
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According to the first aspect, gradation correction values
are determined in consideration of the alignment uneven-
ness, film thickness irregularity, and pixel positions of a
given LCD and are stored. With the correction values, the
first aspect can correct a nonlinear light intensity distribution
caused by the alignment unevenness and film thickness
irregularity of the LCD that is unsolvable by the related arts.

The first aspect divides the screen of the LCD as well as
a maximum gradation level intrinsic to the LCD, provides
gradation division points, and prepares correction values for
the pixel division points and gradation division points. This
configuration is simple and can provide high-quality images.

A second aspect of the present invention provides an LCD
having a first substrate provided with display pixels arrayed
in a matrix of X pixels along a first side of the first substrate
and Y pixels along a second side of the first substrate, a
second substrate arranged in parallel with the first substrate,
and liquid crystals sealed between the first and second
substrates, a voltage being applied between the first and
second substrates to display an image. The LCD includes: a
division point memory that stores positional information
about pixel division points that regularly divide the X pixels
into “M-17" (1=M=X) sections and the Y pixels into “N-1"
(1=NZY) sections; a gradation correction value memory
that stores, for each of the pixel division points, gradation
correction values that are prepared in advance according to
special test signals for gradation division points, respec-
tively, which irregularly divide a maximum gradation level
characteristic to the LCD into sections; a gradation level
determination unit configured to generate gradation level
interpolation signals for pixel division points related to an
input image signal according to the gradation correction
values stored in the gradation correction value memory; a
horizontal interpolation unit configured to find x-axis dis-
tances between a pixel position of the input image signal and
positions of the pixel division points, and according to the
found x-axis distances and the gradation level interpolation
signals, generate horizontal interpolation signals; and a
vertical interpolation unit configured to find y-axis distances
between the pixel position of the input image signal and the
positions of the pixel division points, and according to the
found y-axis distances and the horizontal interpolation sig-
nals, generate an image signal to be displayed on the L.CD.

According to the second aspect, gradation correction
values are determined in consideration of the alignment
unevenness, film thickness irregularity, and pixel positions
of a given LCD and are stored. With the correction values,
the second aspect can correct a nonlinear light intensity
distribution caused by the alignment unevenness and film
thickness irregularity of the LCD that is unsolvable by the
related arts. In addition, the second aspect employs irregular
gradation division points set according to the light intensity
characteristics of the LCD, to correct an uneven light
intensity distribution of the LCD.

According to a third aspect of the present invention, the
gradation level determination unit conducts linear interpo-
lation with the use of adjacent two of the gradation division
points.

The nature, principle and utility of the invention will
become more apparent from the following detailed descrip-
tion when read in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a block diagram showing correction units of an
LCD according to a related art;

FIG. 2 is a block diagram showing correction units of an
LCD according to an embodiment of the present invention;
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FIG. 3 shows a typical LCD;

FIG. 4 shows a column signal electrode driver of the LCD
of FIG. 3;

FIG. 5 shows a row scan electrode driver of the LCD of
FIG. 3;

FIG. 6 is a graph showing relationships between gradation
correction values and gradation division points on an LCD
according to a first embodiment of the present invention;

FIG. 7 is a graph showing relationships between gradation
correction values and gradation division points according to
the first embodiment;

FIG. 8 shows a display screen of a typical LCD;

FIG. 9 shows the details of a part of the display screen of
FIG. 8;

FIG. 10 is a graph showing relationships between grada-
tion correction values and gradation division points on an
LCD according to a second embodiment of the present
invention;

FIG. 11 is a graph showing relationships between grada-
tion correction values and gradation division points accord-
ing to the second embodiment; and

FIG. 12 shows a nonlinear V-T characteristic of liquid
crystals.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 2 is a block diagram showing correction units of an
LCD according to an embodiment of the present invention.
Before explaining corrections conducted by the correction
units of FIG. 2, the structure of a typical LCD 100 shown in
FIG. 3 will be explained.

The LCD 100 shown in FIG. 3 has a matrix of X pixels
103 in a horizontal direction and Y pixels 103 in a vertical
direction. The pixels 103 are connected to a column signal
electrode driver 101 and row scan electrode driver 102. Each
of the pixels 103 includes a transistor 104, an auxiliary
capacitor 105, a pixel electrode 106, a liquid crystal 108, and
a common electrode 107. In this example, the transistor 104
in the first column and first row is represented as Tr(1, 1) and
an auxiliary capacitor 105 at the same location as Cs(1, 1).

FIG. 4 shows the column signal electrode driver 101. The
driver 101 includes a shift register 202 made of a plurality
of flip-flops 201, and a plurality of analog switches 203.

When displaying an image, the column signal electrode
driver 101 receives a column synchronizing signal (herein-
after referred to as horizontal synchronizing signal) HST, a
clock signal HCK, and a display image signal V(x, y).

The received horizontal synchronizing signal HST and
clock signal HCK are transferred to the shift register 202.
The flip-flop I, latches the horizontal synchronizing signal
HST in synchronization with the clock signal HCK. The
flip-flop FF,, latches an output of the flip-flop FF,, in
synchronization with the clock signal HCK.

Outputs of the flip-flops 201 control the switching of the
analog switches 203, respectively. Each analog switch 203 is
connected to a data line D and provides the data line D with
the display image signal V(x, y). For example, the output of
the flip-flop FF;; controls the analog switch 203 to provide
the data line D, with the display image signal. Similarly, the
output of the flip-flop FF, provides the data line D, with the
display image signal through the corresponding switch. The
data lines D, to D, are connected to the sources of the
transistors 104 of the pixels 103, respectively.

FIG. 5 shows the row scan electrode driver 102, which
includes a shift register 206 made of a plurality of flip-flops
205.
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The row scan electrode driver 102 receives a row syn-
chronizing signal (hereinafter referred to as vertical syn-
chronizing signal) VST synchronized with the display image
signal, and a line clock signal VCK. The received vertical
synchronizing signal VST and line clock signal VCK are
transferred to the shift register 206. The flip-flop FF,,;
latches the vertical synchronizing signal VST in synchroni-
zation with the line clock signal VCK. The flip-flop FF,,
latches an output of the flip-flop FF,, in synchronization
with the line clock signal VCK.

Outputs of the flip-flops 205 are connected to gate lines G
connected to the gates of the transistors 104, respectively.
For example, the output of the flip-flop F,, is supplied to the
gate line G, and the output of the flop-flop FF,, to the gate
line G,. The gate lines G, to Gy are connected to the gates
of the transistors 104 of the pixels 103, respectively.

In this arrangement, the transistor 104 in each pixel is
turned on in response to the display image signal V(x, y).
The auxiliary capacitor 105 stores a potential difference
between the display image signal and a common electrode
COM and applies a potential difference between the display
image signal and a common electrode CC to the pixel
electrode 106 and liquid crystal 108. According to an electric
field strength caused by the potential difference, the liquid
crystal 108 causes electric field double refraction to display
an image on the display screen 20 through a polarization
optical system.

<<First Embodiment>>

A first embodiment of the present invention will be
explained with reference to the accompanying drawings.

As shown in the block diagram of FIG. 2, an LCD 100
according to the first embodiment of the present invention
carries out a series of interpolations and includes a gradation
level determination unit 10, a horizontal interpolation unit
11, a vertical interpolation unit 12, a division point memory
13, and a gradation correction value memory 14.

The gradation level determination unit 10, horizontal
interpolation unit 11, and vertical interpolation unit 12 carry
out gradation level determination, horizontal interpolation,
and vertical interpolation on an input image signal.

The division point memory 13 stores information about
pixel division points that regularly divide X pixels along a
horizontal side of a display screen 20 of the LCD 100 into
“M-1” (1=M=X) sections and Y pixels along a vertical
side of the display screen 20 into “N-1" (1=NZY) sections.

The pixel division point information is positional infor-
mation (coordinate information) about each of the pixel
division points. When conducting an interpolation, the hori-
zontal interpolation unit 11 or vertical interpolation unit 12
calculates a distance between each pixel division point and
a given pixel based on the pixel division point positional
information and the coordinate information of the pixel and
uses the calculated distance.

The division numbers “M-1" and “N-1" are determined
in advance according to required correction accuracy. The
gradation correction value memory 14 stores gradation
correction values L for the pixel division points. The gra-
dation correction values I are measured and set in advance
for a given LCD. To measure the gradation correction
values, special test signals are input to the LCD, and
according to the test signals, the correction values are
determined. A gradation correction value L is set for each
gradation division point of each pixel division point. The
gradation division points are points that regularly divide a
maximum gradation level D, of an image signal into
“T-17 sections where T is an integer satisfying 1=T=D, ..
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FI1G. 8 used to explain the related art shows the display
screen 20 according to the present invention. In FIG. 8, the
display screen 20 is divided into ten sections in each of
horizontal and vertical directions. According to this embodi-
ment, the number of pixels in the horizontal direction is 800
and M =9. Accordingly, the number of pixels between
adjacent pixel division points in the horizontal direction is
100 (=800/(9-1)). Each pixel division point is provided with
gradation correction values, and each gradation correction
value covers 100 pixels in the horizontal direction. 1f
M=101, then the number of pixels between adjacent pixel
division points in the horizontal direction is 8 (=800/ (101-
1)). In this case, each gradation correction value covers eight
pixels in the horizontal direction. The setting of M=101
realizes more precise correction than the setting of M=9.
Since each pixel division point is provided with gradation
correction values, the setting of M=101 increases the num-
ber of gradation correction values that must be stored in
advance, to complicate the system. Accordingly, the division
numbers “M-1" and “N-1” must be determined according
to required correction accuracy and system cost.

A pixel on the display screen 20 is expressed as G(x, y),
where x is a horizontal pixel number satisfying 1 =x=X and
y is a vertical pixel number satisfying 1=y=Y. In F1G. 9 that
is an enlarged view showing a part 20« of the display screen
20, the pixel G(x, y) is surrounded by four pixel division
points P(m, n), P(m+1, n), P(m, n+1), and P(m+1, n+1).

The division point memory 13 stores for the pixel G(x, y),
for example, information related to positions of the four
pixel division points P(m, n), P(m+1, n), P(m, n+1), and
P(m+1, n+1).

The gradation correction values L will be explained with
reference 1o the graph of FIG. 6 showing the gradation
correction values L and gradation division points t. A gra-
dation correction value for the pixel division point P(m, n)
at a gradation division point “t” is expressed as L(t, m, n).
A division number “T-1" and a gradation division point t
have a relationship of 1=t=(T-1).

<Gradation Level Determination>

Receiving an image signal S(x, y), the gradation level
determination unit 10 inputs division point information with
respect to the image signal S(x, y) from the division point
memory 13: four pixel division points P(m, n), P(m+1, n),
P(m. n+l), and P(m+l, n+l) satisfying relations of
mEx<m+]1, and n=y<n+1. Then, the gradation level deter-
mination unit 10 inputs gradation correction values L cor-
responding to the four pixel division points P(m, n), P(m+1,
n), P(m, n+1), and P(m+1, n+1) from the gradation correc-
tion value memory 14 based on the value of the image signal
S(x, y). Namely, the gradation level determination unit 10
inputs gradation correction values L(t, m, n), L(t+1, m, n),
L(t, m+1, n), L(t+1, m+1, n), L(t, m, n+1), L(t+1, m, n+1),
L(t, m+1, n+1), and L(t+1, m+1, n+1) in which a relation of
D(t)=S(x, y)<D(t+1) is satisfied.

To determine a gradation level of, for example, the apex
or pixel division point P(m, n), the gradation level determi-
nation unit 10 calculates the below-mentioned expression
(9) to provide a signal S1(x, y, m, n).

S1(x, y,m,n) = Lit, m, n) +{L{t+ 1, m, n) -

Lz, m, m)}={L{t, m, n) — S(x, y)}/

{Dmax /(T - 1)}
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Similarly, the expression (10) for the apex P(m+1, n), the
expression (11) for the apex P(m, n+1), and the expression
(12) for the apex P(m+1, n+1) are calculated to complete the
gradation level determination and provide output signals S1

(x,

Sl, yom+1l,m=Lit,m+ L) +{La+ 1, m+1,n)- (10)
Lit,m+ 1, n)y={Lt,m+1,n)—

S, YA Dmax /(T = 1}

Sl yvom,n+ D= Lit,mn+ D+{Le+ L, mn+1) - (1D
Lit,m,n+ D} ={Lt,m,n+1)—

S, YA Dmax /(T = 1}

Slx,yym+Ln+ D)=Lt m+1,n+1)+ (12)
{Le+ 1, m+1L,n+1)-
Li,m+ 1, n+1))*

{Lg,m+1,n+1)—

S, Y ADax /(T = 1)}

A concrete example of the gradation level determination
will be explained with reference to FIG. 7. The maximum
gradation level D, is 255. The maximum gradation level
D, ... 1s regularly divided into eight sections, i.e., T=9. In this
case, each section involves 32 gradation levels. 1f the input
signal S(x, y) has a gradation level of 60, gradation division
points on each side of this gradation level are t=2 and t=3.
Then, the gradation division point t=2 has gradation correc-
tion values (2, n, m), L(2, n+1, m), [(2, n. m+1), L(2, n+1,
m+1), and the gradation division point t=3 has gradation
correction values (3, n, m), L(3, n+1, m), L(3, n, m+1),
L(3, n+1, m+1). With these gradation correction values [,
the gradation level determination is conducted for four pixel
division points P(m, n), P(m+1, n), P(m, n+1), P(m+1. n+1).

<Horizontal Interpolation>

Next, the horizontal interpolation unit 11 carries out a
horizontal interpolation. The horizontal interpolation unit 11
receives the four signaly S1(x, y, m, n), S1(x, y, m+1, n),
S1(x, y, m, n+1), S1(x, y, m+1, n+1) from the gradation level
determination unit 10, as well as division point information
with respect to the image signal S(x, y) from the division
point memory 13: four pixel division points P(m, n), P(m+1,
n), P(m, n+l1), and P(m+1, n+1). Then, the horizontal
interpolation unit 11 simultaneously calculates the following
expressions (13) and (14) to provide signals S2(x, y, n) and
S2(x. y, n+1).

S2x, y, n) = SI(x, y, m, m) +4S10x, y, m + 1, ) -
m)/(xfm)

(13)
SICx, y, m, m)=(x —

S2(x, vy n+ D) =S1x, y,myn+ )+ {S1(x, y,m+ L,n+ )= (14)

SHx, y,mn+ Dys(x—m)/(x/m)

<Vertical Interpolation>

Next, the vertical interpolation unit 12 carries out a
vertical interpolation.

The vertical interpolation unit 12 receives the two signal
S2(x. vy, n), S2(x, y. n+1) from the horizontal interpolation
unit 11, as well as division point information with respect to
the image signal S(x, y) from the division point memory 13:
four pixel division points P(m, n), P(m+1, n), P(m, n+1), and
P(m+1, n+1). Then, the vertical interpolation unit 12 calcu-
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lates the following expression (15) to carry out the vertical
interpolation and provide a display image signal A(x, y).

Alx, ¥) =52(x, y, n) +{S2(x, y, n + 1) = S2(x, y, )} = 15)

(y-m/(y/n)

The display image signal A(x, y) provided by the vertical
interpolation is subjected to a level conversion process (not
shown) to provide a signal V(x, y) having a liquid crystal
drive signal level, and the signal V(x, y) is supplied to a
display element. The signal V(x, y) is input to the column
signal electrode driver 101 to display a high-quality image
based on the image signal.

The first embodiment mentioned above carries out cor-
rections based on the positional information of each pixel
and thus displays high-quality images on the LCD.

<<Second Embodiment>>

A second embodiment according to the present invention
will be explained.

Like the first embodiment, the second embodiment
employs the gradation level determination unit 10, horizon-
tal interpolation unit 11, and vertical interpolation unit 12
shown in F1G. 2 to conduct a series of interpolations on an
image signal S(x, y) according to data from the division
point memory 13 and gradation correction value memory
14.

Like the first embodiment, the division point memory 13
stores division point information about pixel division points
that regularly divide X pixels along a horizontal side of the
display screen 20 into “M-1” (1=M=X) sections and Y
pixels along a vertical side of the display screen 20 into
“N-17 (1=NZY) sections as shown in FIGS. 8 and 9. The
gradation correction value memory 14 stores gradation
correction values L shown in FI1G. 10.

The second embodiment differs from the first embodiment
in that the gradation correction values L shown in F1G. 10
are selected to finely correct a low gradation region and high
gradation region shown in F1G. 12 where light intensity Ta
sharply changes to easily cause errors and roughly correct
the other regions where the light intensity Ta gently changes.
This configuration enables the LCD to provide higher qual-
ity images.

As shown in F1G. 10, a maximum gradation level D, ., of
an image signal is irregularly divided into “T-1" sections,
and a gradation correction value [ is assigned to each
divided gradation point for each pixel division point.

A gradation correction value for the pixel division point
P(m, n) at a gradation division point “t” is expressed as L(t,
m, n). A division number “I-1" and a gradation division
point “t” have a relationship of 1=t=(T-1). A gradation
difference between a gradation division point “t+1” and a
gradation division point “t” is expressed as K(t).

A series of interpolations carried out according to the
second embodiment will be explained with reference to F1G.
2.

<Gradation Level Determination>

Like the first embodiment, receiving an image signal S(x,
y). the gradation level determination unit 10 inputs division
point information with respect to the image signal S(x, v)
from the division point memory 13: four pixel division
points P(m, n), P(m+1, n), P(m ,n+1), and P(m+1, n+1)
satisfying relations of m=x<m+1, and n=y<n+1. Then, the
gradation level determination unit 10 inputs gradation cor-
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rection values L corresponding to the four pixel division
points P(m, n), P(m+1, n), P(m, n+1), and P(m+1, n+1) from
the gradation correction value memory 14 based on the
value of the image signal S(x, y). Namely, the gradation
level determination unit 10 inputs gradation correction val-
ues L (t, m, n), L(t+1, m, n), L(t, m+1, n), L(t+1, m+1, n),
L(t, m, n+1), L{t+1, m, n+1), L(t, m+1, n+1) and L(t+1m+
1n+1) in which a relation of D(t)=S(x, y)<D(t+1) is satis-
fied.

To determine a gradation level of, for example, the apex
or pixel division point P(m, n), the gradation level determi-
nation unit 10 calculates the below-mentioned expression
(16) to provide a signal S1(x, y. m, n).

SIx, v, m,n) = Lit, m, n) +{L(t + 1, m, n) - L{z, m, n)} = (16)

L@, m, n) = S(x, Y/ K@)

Similarly, the expression (10) for the apex P(m+1, n), the
expression (11) for the apex P(m, n+1), and the expression
(12) for the apex P(m+1, n+1) are calculated to complete the
gradation level determination and provide output signals
S1(x, y, m+1, n), S1(x, y, m, n+1), S1(x, y, m+1, n+1).

Slx, yym+1l,m)=Lt,m+L,n)+{Le+1,m+1,n) - (17)
Lit,m+ 1, n)}={Lit, m+1,n)—

S, K@)

Six, y,myn+1)=Lit,m,n+1)+{Lie+1,m. n+1) - (18)
Litym,n+ )} ={Lit, myn+1)—

S, K@)

Slx,y,m+Ln+ D=Le,m+L,n+ 1)+ (19)
{Lt+1,m+1,n+1)-
Lit,m+ 1, n+ D)} =

L, m+1,n+1)—

Sx, Y/ KD

The gradation correction values L according to the second
embodiment will be explained in detail with reference to
F1G. 11 where a maximum gradation level D, is 255
which is irregularly divided into ten sections.

Dividing the maximum gradation level D, into ten
sections corresponds to T=11. When irregularly dividing the
maximum gradation level, the intervals thereof are option-
ally determinable. 1n this example, a region where gradation
changes sharply is finely divided and a region where gra-
dation changes gently is roughly divided.

In F1G. 11, regions of gradation levels of 0 to 63 and 192
to 255 where gradation sharply changes are divided at
intervals of 16 gradation levels, and a region of gradation
levels of 64 to 191 is divided at intervals of 64 gradation
levels. Gradation division points “t+1” and “t” involve a
gradation difference K(t). For example, a gradation differ-
ence K(5) between t=6 (gradation level of 127) and t=5
(gradation level of 64) is equal to 64, and a gradation
difference K(9) between t=10 (gradation level of 239) and.
=9 (gradation level of 224) is equal to 16.

If an input image signal has a gradation level of 100,
gradation correction values to be used for this input image
signal are L(5, n, m), (6, n, m), L(5, n+1, m), L(6, n+1, m),
L(5, n, m+1), L(6, n, m+1), L(5, n+1, m+1), L(6, n+1, m+1)
stored for adjacent gradation division points t=5 and t=6.
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<Horizontal Interpolation>

Next, the horizontal interpolation unit 11 carries out a
horizontal interpolation. The horizontal interpolation unit 11
receives the four signals S1(x, y, m, n), S1(x, y, m+1, n),
S1(x, y, m, n+1), S1(x, v, m+1, n+1) from the gradation level
determination unit 10, as well as S(x, y) from the division
point memory 13: four pixel division points P(m, n), P(m+1,
n), P(m, n+l), and P(m+1, n+l1). Then, the horizontal
interpolation unit 11 simultaneously calculates the following
expressions (20) and (21) to provide signals S2(x, y, n) and
S2(x, v, n+l).

S2(x, y, ) = S1(x, y, my ) +4S1(x, y, m+ 1, n) — 20)
SHx, y, my W= (x —m)/(x/m)
S2x, yon+ D) =SIx, yomn+ D+ {SIx, ym+L,n+ )-  (21)

SIx, y,myn+ Dys(x—m)/(x/m)

<Vertical Interpolation>

The vertical interpolation unit 12 receives the two signals
S2(x, v, n) and S2(x, y, n+1) from the horizontal interpola-
tion unit 11, as well as division point information with
respect to the image signal S(x, y) from the division point
memory 13: four pixel division points P(m, n), P(m+1, n),
P(m. n+1), and P(m+1, n+1). Then, the vertical interpolation
unit 12 calculates the following expression (22) to carry out
the vertical interpolation and provide a signal S3(x, y).

S3(x, ¥)=820x, y, m) +{52(x, y, n+ 1) = S2(x, y, n)} = (22

y-m/lyim

The vertically interpolated signal serves as a display
image signal and is subjected to a level conversion process
(not shown) to provide a signal having a liquid crystal
driving level, which is supplied as a signal V(x, y) to a
display element to display a high-quality image according to
the image signal.

The second embodiment mentioned above conducts cor-
rections according to the positional information of each
pixel and variations in light intensity Ta, to further realize an
even light intensity distribution.

1t should be understood that many modifications and
adaptations of the invention will become apparent to those
skilled in the art and it is intended to encompass such
obvious modifications and changes in the scope of the
claims appended hereto.

What is claimed is:

1. Aliquid crystal display having a first substrate provided
with display pixels arrayed in a matrix of X pixels along a
first side of the first substrate and Y pixels along a second
side of the first substrate, a second substrate arranged in
parallel with the first substrate, and liquid crystals sealed
between the first and second substrates, a voltage being
applied between the first and second substrates to display an
image, the liquid crystal display comprising:

a division point memory that stores positional information
about pixel division points that regularly divide the X
pixels into “M-1" (1=M=X) sections and the Y pixels
into “N-1” (1=NZY) sections;

a gradation correction value memory that stores, for each
of the pixel division points, gradation correction values
that are prepared in advance according to special test
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signals for gradation division points, respectively,
which regularly divide a maximum gradation level
characteristic to the liquid crystal display into sections;

a gradation level determination unit configured to gener-
ate gradation level interpolation signals for pixel divi-
sion points related to an input image signal according
to the gradation correction values stored in the grada-
tion correction value memory;

a horizontal interpolation unit configured to find x-axis
distances between a pixel position of the input image
signal and positions of the pixel division points, and
according to the found x-axis distances and the grada-
tion level interpolation signals, generate horizontal
interpolation signals; and

a vertical interpolation unit configured to find y-axis
distances between the pixel position of the input image
signal and the positions of the pixel division points, and
according to the found y-axis distances and the hori-
zontal interpolation signals, generate an image signal to
be displayed on the liquid crystal display.

2. The liquid crystal display according to claim 1,

wherein:

the gradation level determination unit conducts linear
interpolation with the use of adjacent two of the gra-
dation division points.

3. Aliquid crystal display having a first substrate provided
with display pixels arrayed in a matrix of X pixels along a
first side of the first substrate and Y pixels along a second
side of the first substrate, a second substrate arranged in
parallel with the first substrate, and liquid crystals sealed
between the first and second substrates, a voltage being
applied between the first and second substrates to display an
image, the liquid crystal display comprising:

a division point memory that stores positional information
about pixel division points that regularly divide the X
pixels into “M-1" (1=M=X) sections and the Y pixels
into “N-1" (1=N=Y) sections;

a gradation correction value memory that stores, for each
of the pixel division points, gradation correction values
that are prepared in advance according to special test
signals for gradation division points, respectively,
which irregularly divide a maximum gradation level
characteristic to the liquid crystal display into sections;

a gradation level determination unit configured to gener-
ate gradation level interpolation signals for pixel divi-
sion points related to an input image signal according
to the gradation correction values stored in the grada-
tion correction value memory;

a horizontal interpolation unit configured to find x-axis
distances between a pixel position of the input image
signal and positions of the pixel division points, and
according to the found x-axis distances and the grada-
tion level interpolation signals, generate horizontal
interpolation signals; and

a vertical interpolation unit configured to find y-axis
distances between the pixel position of the input image
signal and the positions of the pixel division points, and
according to the found y-axis distances and the hori-
zontal interpolation signals, generate an image signal to
be displayed on the liquid crystal display.

4. The liquid crystal display according to claim 3,

wherein:

the gradation level determination unit conducts linear
interpolation with the use of adjacent two of the gra-
dation division points.
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