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INTERPOLATION DEVICE FOR USE IN A
DISPLAY APPARATUS AND
INTERPOLATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application relies for priority upon Korean Patent
Application No. 2006-91391 filed on Sep. 20, 2006, the dis-
closure of which is herein incorporated by reference in its
entirety.

BACKGROUND

1. Field of Invention

The present disclosure of invention relates to an interpola-
tion device that is usable in a display apparatus such as one
that charges image pixels to desired voltage levels. More
particularly, the present disclosure relates to an interpolation
device capable of providing accurate interpolation for serial
image signals having values for which corrections are not
directly defined by a lookup table.

2. Description of Related Art

Generally, liquid crystal displays provide a desired voltage
between two electrodes of a given pixel unit in order to apply
an electric field to a liquid crystal material layer of the unit,
where the desired voltage defines an intensity of an electric
field to thereby control the transmittance of light passing
through the liquid crystal material layer, thereby obtaining a
desired image intensity from the given pixel unit. In order to
prevent the image from being deteriorated by a unidirectional
electric field applied to the liquid crystal layer for a long time,
areversal drive method is often employed with liquid crystal
displays to periodically reverse a polarity of data voltage with
respect to a common voltage. Such polarity reversal may
occur on a frame-by-frame basis or longer, on a column basis,
a row basis, or a dot-by-dot basis. Irrespective of how often
polarity reversal occurs, when imagery changes from frame
to frame, voltage across the electrodes of the pixel unit has to
be driven from a first level to a different second level.

Recently, liquid crystal displays have adopted a dynamic
capacitance charging compensation (DCCC) scheme to
improve the response speed at which liquid crystals change
state. According to the DCCC scheme, a modified data volt-
age is applied for a present frame in place of an original data
voltage (hereinafter, also referred to as “present data volt-
age”) where the modified data voltage includes a compensa-
tion for the difference between the desired present data volt-
age to be formed across the pixel capacitance and a data
voltage remaining on the capacitance from a previous frame
(hereinafter, referred to as “previous data voltage™). This
compensation helps to increase the speed at which the liquid
crystal capacitor is charged to the desired present data volt-
age.

In terms of more detail, if an absolute value of potential
difference between the previous data voltage and the desired
present data voltage is greater than a preset reference value,
the liquid crystal display adopting the DCCC scheme has
applied to it a drive voltage greater than the desired present
data voltage so as to thereby increase the charge speed of the
equivalent RC circuit (resistor-capacitor circuit) associated
with the liquid crystal capacitor.

In one class of embodiments, a lookup table (LUT) is used
to determine the magnitude of the charge-hurrying drive volt-
age. In order to limit the amount of storage memory space
needed by the LUT and according to one approach, only the
more significant bits (MSB’s) of the pixel data are used. An
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imprecise (linear and symmetrical) interpolation equation is
used for dealing with small differences of gray scale. Since
such an imprecise interpolation equation may fail to provide
correct drive voltages in cases where there are moderate dif-
ferences of gray scales between the previous data voltage and
the desired present data voltage rather than very large differ-
ences or essentially no differences, the display system can fail
to display subtle changes of gray scale across an image,
thereby depriving viewers of the image resolution intended
by the original data.

SUMMARY

In accordance with the disclosure, an improved interpola-
tion device is provided that is capable of more exactly inter-
polating a present image signal not only in display areas
where there are relatively large (coarse) differences of gray
scale values from frame to frame, but also in display areas
representing moderate (finer) differences of gray scales from
frame to frame between the previous image signal level of a
given pixel and the desired present image signal level for the
pixel.

The present disclosure of invention also provides a display
apparatus employing the improved interpolation device.

The present disclosure of invention also provides an inter-
polation method suitable for the more precise interpolation of
an image signal.

In one embodiment, an improved interpolation device
includes a signal delay memory, a look-up table (LUT), and
an arithmetic logic unit (ALU) where the ALU is configured
to carry out the improved interpolation process.

The signal delaying memory stores an image signal level of
a given pixel as applied one image frame previously. In this
way, an image signal level of a given pixel in a previous frame
(a previous image signal) can be read out from the memory
during a present frame, and an image signal level of the given
pixel in the present frame (a present image signal) can be
written into the memory for use in the next frame. The look-
up table (LUT) stores plural items of reference data that are
usable by a first compensation algorithm that responds to
differences among the more significant bits (MSB’s). The
ALU includes a second compensation algorithm that
responds to differences among the less significant bits
(LSB’s). The look-up table receives the previous image signal
from the memory and the present image signal and performs
a lookup table function to thereby output a reference data
signal (f) corresponding to there being a difference between
the higher order bits (MSB’s) of the present image signal and
the higher order bits (MSB’s) of the previous image signal.
The arithmetic unit (ALU) however, receives not only the
LUT output signal f(n,n-1), but also the higher order bits
(MSB’s) and the lower order bits (LSB’s) respectively of the
present image signal and the previous image signal, and pro-
cesses these so as to output a compensated image signal that
accounts for differences among the LSB’s as well as differ-
ences among the MSB’s. In the case where the MSB’s of the
previous and current frame pixel values are identical, and thus
the LUT output signal f(n,n-1) provides no adjustment, the
ALU nonetheless tests the LSB’s of the previous and current
frame pixel values. If the LSB’s are not the same, the arith-
metic unit applies a first second-order interpolation equation
for compensating for the differences among the LSB’s.

In one embodiment, a display apparatus includes a
memory, a look-up table, a timing controller, a data driving
circuit, a gate driving circuit, and a display panel.

The memory stores an image signal in one frame unit. If an
image signal of a previous frame (a previous image signal),
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which is previously stored, is read out from the memory
during a present frame, an image of the present frame (a
presentimage signal) is written into the memory. The look-up
table stores plural reference data. The look-up table receives
the previous image signal from the memory and the present
image signal to output reference data corresponding to high
order bits of the present image signal and high order bits of the
previous image signal.

The timing controller receives low order bits of the present
image signal, low order bits of the previous image signal, and
the reference data to output a corrected image signal, and
receives a control signal from an external device to output a
data control signal and a gate control signal. The timing
controller applies a first second-order interpolation equation
when the high order bits of the present image signal are
identical to the high order bits of the previous image signal
and applies a second second-order interpolation equation,
which is different from the first second-order interpolation
equation, when the high order bits of the present image signal
are different from the high order bits of the previous image
signal.

The data driving circuit receives the corrected image signal
in synchronization with the data control signal and converts
the corrected image signal into data voltage to output the data
voltage. The gate driving circuit sequentially outputs gate
pulses in synchronization with the gate control signal. The
display panel receives the data voltage in response to the gate
pulse to display an image.

An automated interpolation method may be provided in
accordance with the disclosure as follow. An image signal of
a previous frame (a previous image signal) and an image
signal of a present frame (a present image signal) are
received. Reference data corresponding to high order bits of
the present image signal and high order bits of the previous
image signal are output. Low order bits of the present image
signal, low order bits of the previous image signal, and the
reference data are received, and a corrected image signal is
output by applying a first second-order interpolation equation
when the high order bits of the present image signal are
identical to the high order bits of the previous image signal
and applying a second second-order equation, which is dif-
ferent from the first second-order equation, when the high
order bits of the present image signal are different from the
high order bits of the previous image signal.

According to the above, the corrected image signal is
obtained by applying the first second-order interpolation
equation when the high order bits of the present image signal
are identical to the high order bits of the previous image signal
and applying the second second-order interpolation equation,
which is different from the first second-order interpolation
equation, when the high order bits of the present image signal
are different from the high order bits of the previous image
signal, thereby reducing interpolation errots. It is to be under-
stood that the equation-defined corrective actions or correc-
tion generating functions described herein may be imple-
mented by use of sequential state machines, digital signal
processors and/or by series of predefined arithmetic logic
units as may be appropriate in respective applications for
realizing the desired goals.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the present disclosure
will become more readily apparent by reference to the fol-
lowing detailed description when considered in conjunction
with the accompanying drawings wherein:
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FIG. 1 is a block diagram showing an exemplary embodi-
ment of a display system including an interpolation device
according to the present disclosure;

FIG. 2 is a flow chart for explaining when each of different
interpolation algorithms are used;

FIG. 3 is a view showing a data structure for alook-up table
such as used in FIG. 1;

FIG. 4 is a view illustrating a method of calculating a
corrected image signal in an on-diagonal quad-block repre-
senting a low gray-scale difference;

FIG. 5 is a view illustrating a method of calculating a
corrected image signal in an off-diagonal duet-block repre-
senting a high gray-scale difference; and

FIG. 6 is a block diagram showing an exemplary embodi-
ment of a display apparatus including an interpolation device
similar to that shown in FIG. 1.

DETAILED DESCRIPTION

FIG. 1 is a block diagram showing an exemplary embodi-
ment 100 including an interpolation device according to the
present disclosure, FIG. 2 is a flow chart showing one way in
which the system 100 may be operated and FIG. 3 is a view
showing a data structure for the look-up table 120 of FIG. 1.

Referring to FIG. 1, the embodiment 100 includes a signal
delay memory 110, a look-up table (LUT) 120, and an arith-
metic unit (ALU) 130. The ALU 130 couples to a digital-to-
analog converter (DAC) 134 whose output is sampled (as a
pulse) for charging or discharging a corresponding L.CD pixel
(equivalent to an RC network) to a desired state.

The memory 110 is a frame memory, and stores an input
image signal for each pixel in one image frame. In detail,
upon receiving and storing an image signal G,, for a given
pixel (having a corresponding time constant RC, ) of a
present frame (hereinafter, referred to as “a present image
signal), the memory also reads out an image signal G, _, ofthe
same pixel unit from a previous frame (hereinafter, referred to
as “a previous image signal).

More significant portions (107, 117) of the present image
signal G,, and the previous image signal G,_, read out from
the memory 110 are input into the look-up table 120. In the
present exemplary embodiment, the higher order bits of the
present image signal Gn and of the previous image signal
Gn-1 each consist of a first number, o of bits, and the low
order bits thereof each consist of a second number, f§ of bits.
In one embodiment, a=4 and f=4. Other values may be used
however as deemed appropriate for a given application. For
example, an alternate embodiment may use =3 and =5 or
=5 and =3 or a=6 and =10.

As shown in FIG. 3, the look-up table 120 stores reference
data only with respect to the one to one permutations (2%+
1)x(2*+1) determined by the number o of the high order bits.
FIG. 3 shows a data map corresponding to the data structure
used in the look-up table 120 when the high order bits of the
present image signal Gn and the previous image signal Gn-1
each consist of four bits according to one embodiment (c.=4).
Accordingly, the look-up table 120 includes 17x17 data
instance lines (17 vertical longitude lines and 17 horizontal
latitude lines) that define 16x16 square blocks. On the
assumption that the present image signal Gn and the previous
image signal Gn-1 each consist of 8 bits, if the number o of
the high order bits is four, then the number {3 of the low order
bits is four and the highest complete value attainable by the 8
binary bits is decimal 255 while the lowest is decimal 0. In the
present exemplary embodiment, a data value interval between
the top cormer of a first square block and the top corner of a
next immediate block is defined as N=2F. For example,
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64-48=16 as is seen when moving from the LUT data point
denoted as £, either to LUT data point {,, on its right or to
data point f, , below it.

In the representation in FIG. 3 of look-up table 120, the
markings on the horizontal axis represents different values for
the MSB’s of the previous image signal Gn-1, and the mark-
ings on the vertical axis represents different values for the
MSB’s of the present image signal Gn. In the interval along
the vertical side of a given square box in FIG. 3, but before
reaching the next major latitude line, the high order bits of the
present image signal Gn remain the same (unchanged) while
the lower order bits increment in additive value from decimal
0 to decimal 15. In the interval along the horizontal side of a
given square box, but before reaching the next major longi-
tude line, the high order bits of the previous image signal
Gn-1 remain the same although the lower order bits are
changing in additive value from decimal 0 to decimal 15. In
addition, both the lower and higher order bits of the present
image signal Gn are the same as the respective lower and high
order bits of the previous image signal Gn-1 along the dashed
major diagonal line D drawn through the mapping of look-up
table 120 from coordinate point (0, 0) to point (255, 255).
Meanwhile, in other places the lower order bits of the present
image signal Gn differ from the lower order bits of the pre-
vious image signal Gn-1 in each non-diagonal area of each
illustrated block of FIG. 3.

The arithmetic unit (ALU) 130 receives the reference data
signal(f) output by the LUT 120 and also the higher and lower
order bits (a+3) of the present image signal Gn and the higher
and lower order bits (c.+f) of the previous image signal Gn-1,
and combines these in various ways to thereby generate a
corrected image signal Gn' using pre-established LSB inter-
polation circuits 131 and MSB interpolation circuit 132 or
neither of those circuits/processes.

FIG. 2 is a flow chart showing one possible method of
operating ALU 130. If the MSB’s are found to differ from one
another, then the MSB interpolation circuit 132 is used. On
the other hand, if only the LSB’s are found to differ from one
another, then the LSB interpolation circuit 131 is used. If the
MSB’s and L3B’s of the current and previous frame are found
to be the same, then no interpolation is used. It is to be
understood that although the illustrated embodiment checks
for sameness among all the LSB’s it is within the contempla-
tion of the disclosure to check for sameness among only a
higher subset of the LSB’s and to ignore differences among a
predefined subset of the least significant bits if such is appro-
priate in a given application.

More specifically and in accordance with disclosure, the
arithmetic unit 130 produces the corrected image signal Gn'
by a selected one of the .SB and MSB interpolation circuits
131 and 132 where the selection depends on whether the high
order bits of the present image signal G, are the same as the
high order bits of the previous image signal G,,_, or not; and
on whether even if the MSB’s are the same, if all or a pre-
defined upper subset of the LSB’s are the same. In F1G. 3, the
high order bits of G,, and of G,,_, are the same for each block
whose center lies on the dashed major diagonal D of FIG. 3.
Each such on-the-diagonal block is hereinafter also referred
to as “a low gray-scale difference block”. This indicates that
two conditions are met, namely, the MSB’s are the same but
the LSB’s can still be different. In all other blocks of FIG. 3,
the high order bits of G, and of G, _, are different because the
left-to-right downsloping diagonal of that block lies off the
dashed major diagonal D of FIG. 3. Each such off-the-major-
diagonal block is hereinafter also referred to as “a high gray-
scale difference block™.
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When an off-the-major-diagonal block lies immediately
adjacent to two on-the-diagonal blocks, the difference
betweenthe G, and G,,_, higher order bits of that immediately
adjacent block is no more than one higher order bit. In one
embodiment, this too may be considered a relatively small
difference of gray scale values. In light of this, so-called
quad-blocks will be considered (see 121 of FIG. 4) where a
quad-block consists of two immediately adjacent, on-the-
major-diagonal blocks and the two off-the-diagonal blocks
that are each immediately adjacent to the two on-the-major-
diagonal blocks.

Typically the reference data points (i.e., {00, f01, {02, etc.)
stored in the look-up table 120 represent a non-linear function
that is determined by trial and error for example to compen-
sate for the specific RC characteristics of a given LCD panel.
When the numbers are analyzed inside the look-up table 120,
it is often found that the reference data series extending down
a column direction (vertically in FIG. 3) is more nonlinear
than that of the reference data series extending horizontally in
a row direction in the mapping of the look-up table 120.

Because the LUT reference data points (i.e., f00, f01, {02,
etc.) represent nonlinear value series (especially when mov-
ing continuously in the column direction of FIG. 3), if only a
linear (first-order) interpolation equation is used to correct for
differences between the low order bits especially for those of
the on-the-major-diagonal blocks where the MSB’s are the
same; significant image production errors may occur due to
the linear interpolation process not accounting for the typi-
cally nonlinear nature of the behavior of the corresponding
LCD panel.

In accordance with the disclosure, the arithmetic unit
(ALU) 130 of FIG. 1 calculates its corrected image signal Gn'
by using a second-order interpolation equation at least with
respect to the amount of difference in the column direction
between the LSB’s of a current and previous image signal,
thereby reducing the interpolation errors.

FIG. 4 is a view illustrating a method of calculating the
corrected image signal in a low gray-scale difference quad-
block 121.

Referring to FI1G. 4, and more specifically to the illustrated
low gray-scale difference quad block 121 (in which the high
order bits of the present image signal Gn are the same as, or
one off from the high order bits of the previous image signal
Gn-1), it is to be noted that this data structure 121 defines a
square that includes the following first through ninth LUT
reference data points: {00, £10, 20, {01, f11, £21, 02, f12, and
22.

The low gray-scale difference quad-block 121 may be
divided along its part of the major diagonal (D) into a lower
triangular area 121a that includes the following LUT refer-
ence data points: 100, £10, 20, 11, £21, and £22 and into an
upper triangular area 1215 that includes the following LUT
reference data points: 00, 01, f11, 102, 12, and £22. In this
case, the lower triangular area 121a exists below the dashed
major diagonal line D and it (121a) is defined as a rising
signal part because the present image signal G, is greater than
the previous image signal G,,_, and thus the G'n output of
ALU 130 needs to drive the capacitance CLCD of the corre-
sponding pixel to a higher potential. The upper triangular area
1215 exists above the diagonal line D and it (1216) is defined
as a falling signal part because the present image signal G, is
smaller than the previous image signal G,,_, and thus the G'n
output of ALU 130 needs to drive capacitance CLCD of the
corresponding pixel to a lower potential.

Details will now be provided regarding the calculation
procedure of first, the rising-signal interpolation method, for
a given set of input coordinates corresponding to function
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point F1 aspracticed in the case where as illustrated, the given
input coordinates for F1 are located in the lower triangular
area 121a and therefore the present image signal G, is greater
than the previous image signal Gn-1.

A first reference equation component, fA1 for the input
coordinates corresponding to function point F1, is formed as
a first second-order equation which is calculated by using as
its input parameters, the first to third LUT reference data
points: f00, {10, and 20 found along a first vertical or column
line CL1 of the lower triangular area 121a. This vertical or
columnar correction component, fA1 of the corrected image
signal Gn' may be calculated according to the following
Equation 1.

Al = alyz +biy+ei, Equation 1

1
wherein g = m(fZO—ZflO-%—fDO),

by =

1 ¥0
T (/20 +4£10-3700) = 55(£20 - 2710 + £0D),

and ¢ = f00—a;302 = by 0.

In Equation 1, N=2° denotes the interval of a block, y
denotes a value obtained by dividing the value represented by
the low order bits of the present image signal Gn by N of the
blocks, and ,, denotes a value of y used to obtain (approxi-
mately recreate) the first reference data value f00 from first
reference equation fA1.

A second reference equation component fB1 (for the input
coordinates corresponding to function point F1) is formed as
a first-order function from an equation that uses as its input
parameters, the first and fifth LUT reference data values, f00
and f11 existing on the diagonal line D or hypotenuse of the
lower triangular area 121a.

Second reference equation fB1 is defined as Equation 2.

FB1=f00+y Equation 2

In Equation 2, y is again the value obtained by dividing the
low order bits of the present image signal Gn by the interval
value N of a given block.

A combined first interpolation value for the illustrated
lower triangle input coordinates of position F1 in the lower
triangular area 121qa is defined by a proportional equation
using the first and second reference component equations
FAl and fB1.

The following proportional equation is established for the
lower triangular area 121 by noting that all rectangles having
major diagonal D as their diagonal are squares and thus their
horizontal side dimension is the same as their vertical side
dimension. (Thus the distance in the horizontal direction
between the points of fB1 and fA1 is equal to v, the distance
in the vertical direction between the points of f00 and fA1.)

x:y=(F1-fA1):(fB1-f41) Equation 3

Accordingly, first combined interpolation value F1 in the
lower triangular area 121a is finally generated in accordance
with the following Equation 4.

Fl=(l —b1)x+b1y—alxy+(f00—cl)f +a1y2+cl Equation 4
Yy
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In Equations 3 and 4, x denotes a value obtained by divid-
ing the low order bits of the previous image signal G,_, by N
the interval of a given block.

As aresult, if the present image signal G, is greater than the
previous image signal (G,,_, ), the arithmetic unit 130 (shown
in FIG. 1) operates in accordance with the equations set forth
above and calculates the corrected image signal Gn' in accor-
dance with the first interpolation for deriving F1.

The corrected image signal Gn' is obtained by using a
different second interpolation algorithm F2 if the input con-
dition falls into the upper triangular area 1215 in which the
present image signal G, is smaller than the previous image
signal G, _,

A third reference component equation FA2 is formed as a
second-order equation and is computed based on the seventh,
eighth, and the ninth LUT reference data points: {02, f12, and
22 existing along the second column line CL.2 of the upper
triangular area 1215. The column component of the corrected
image signal Gn' may be computed through third reference
equation fA2.

Third reference equation fA2 is defined as Equation 5.

A2=ay? +byy + 0y, Equation 5

1
wherein a; = m(f20—2f12+f22),

by =

1 y2
m(—f02+4f12—3f22)— 2N_z(f02_2f12+f22)’

and ¢y = £22— a,y2° — by y2.

In Equation 5, N denotes the interval between the blocks, y
denotes a value obtained by dividing the low order bits of the
present image signal Gn by the interval N between the blocks,
and y2 denotes a value of y used to obtain the ninth reference
data 22 from third reference equation FA2.

A fourth reference component equation fB2 is formed as a
first-order equation obtained by using as input parameters, the
fifth and ninth reference data f11 and {22 existing on the
diagonal line D.

Fourth reference equation fB2 is defined as Equation 6.

FB2=f22+y Equation 6

In Equation 6, y is a value obtained by dividing the low
order bits of the present image signal Gn by N between the
blocks.

Second interpolation equation F2 is defined by a propor-
tional equation of third and fourth reference equations fA2
and fB2.

The following proportional equation is established in the
upper triangular block 1214,

x:y=(fA2-F2):(f42-fB2)

Accordingly, second interpolation equation F2 is defined
as Equation 8.

Equation 7

F2=(1=b))x+byy —apxy + (f22 —02)f + agy2 +¢; Equation 8
y

In Equations 7 and 8, x denotes a value obtained by diving
the low order bits of the previous image signal Gn-1 by N.

As a result, if the present image signal Gn is smaller than
the previous image signal (Gn-1), the arithmetic unit 130
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generates the corrected image signal Gn' through use of the
second interpolation process for deriving F2.

If the corrected image signal Gn' is calculated through
Equations 4 and 8 in the low gray-scale difference quad-block
121 including the diagonal line D as described above, the
present image signal Gn will be correct to a high degree of
accuracy. In other words, since the gradient of the lower
triangular area 121a differs from the gradient of the upper
triangular area 1215 in the look-up table 120 (shown in FIG.
1) due to the characteristic of liquid crystal model, different
first and second interpolation equations F1 and F2 are respec-
tively employed for the lower and upper triangular areas 121a
and 1215, so that the present image signal Gn may be accu-
rately generated by use of nonlinear interpolation.

Meanwhile, if the previous image signal Gn-1 is exactly
the same as the present image signal Gn, in one embodiment,
the corrected image signal G'n is the same as the present
image signal Gn. In an alternate embodiment, the corrected
image signal G'n may be slightly higher so as to compensate
for possible leakage resistance in the RC model of the LCD
pixel.

FIG. § is a view illustrating a method that may be used for
generating the corrected image signal Gn' in the high gray-
scale difference block.

Referring to FIG. 5, the high gray-scale difference duet-
block 122, in which the high order bits of the present image
signal Gn differ from the high order bits of the previous image
signal Gn-1, is defined as two square blocks atop each other
and containing for example the 107, 117, 12, 13" 14" and
15" LUT reference data points: £33, f43, 153, £34, f44, and
54.

The corrected image signal Gn' is computed by third inter-
polation equation F3 in the high gray-scale difference duet-
block 122. Details of the calculation procedure of the third
interpolation equation F3 will now be described.

Fifth reference equation fA3 is formed as a second-order
function and has as its input parameters, the 10% to 12 LUT
reference data points: £33, 43, and 53 existing on a third
column line CL3 of the high gray-scale difference duet-block
122, and the column component of the corrected image signal
Gn' may be calculated through fifth reference equation fA3.

Fifth reference equation A3 is defined as Equation 9.

JAB = a3y? + b3y + s, Equation 9

1
wherein a; = m(f53 —2f43 + f33),

by =

1 y3
Ty I+ A= 333) 5 (£53 - 2143 + £33),

and ¢3 = 33— a3)y3 - b3y3

In Equation 9, v denotes a value obtained by dividing the
low order bits of the present image signal Gn by N, and y*
denotes the value of y used to obtain the 107 reference data
33 from fifth reference equation fA3.

Sixth reference equation fB3 is formed as a second-order
equation and is computed based on 137 to 15 reference data
34, f44, and {54 existing on a fourth column line CL4 in the
high gray-scale difference block 122, and a column compo-
nent of the corrected image signal Gn' may be calculated
through sixth reference equation fB3.
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Sixth reference equation fB3 is defined as Equation 10.

1B3 = aby + by + ¢, Equation 10

1
wherein af = —(f54 - 244 + 34),
4N
by =

v4

|
L (CfSArAfM - 3f34)
Iy /A= 33 - o

(f54-2f44 + £34),

and ¢} = 34— ajyd? — by yd

In Equation 10, y denotes a value obtained by dividing the
low order bits of the present image signal Gn by N, and y*
denotes a value of y used to obtain 13” reference data £34
from sixth reference equation fB3.

Third interpolation equation F3 is defined by a propor-
tional equation of fifth and sixth reference equations fA3 and
fB3.

The following proportional equation is established in the
high gray-scale difference duet-block 122.

Nax=(fB3-fA3):(F3-£43) Equation 11

InEquation 11, N denotes the interval between blocks, and
X is a value obtained by dividing the low order bits of the
previous image signal Gn-1 by N.

Accordingly, third interpolation equation F3 is defined as
Equation 12.

F3= Equation 12

# b b
(%x— %JH a3]y2 +(ﬁ3x— Nsx+ b3]y+

c3+C3

X+

In Equation 12, N denotes the interval between blocks, x is
avalue obtained by dividing the low order bits of the previous
image signal Gn-1 by N, and y is a value obtained by dividing
the low order bits of the present image signal Gn by N.

The corrected image signal Gn' is thus obtained by using
third interpolation equation for deriving F3 calculated
through fifth and sixth reference equations fA3 and fB3
formed as the second-order equations when in the high-gray
scale difterence duet block 122 as described above, so thatthe
present image signal Gn may be more correctly interpolated.

FIG. 6 is a block diagram showing an exemplary embodi-
ment of a display apparatus including an interpolation device
corresponding to the one shown in FIG. 1. In FIG. 6, the same
reference numerals denote similar elements as in FIG. 1, and
thus the detailed descriptions thereof will be omitted in order
to avoid redundancy.

Referring to FIG. 6, a display apparatus 300 includes a
timing controller 135, a look-up table 120, a memory 110, a
data driving circuit 210, a gate driving circuit 220, and a LCD
display panel 200.

The timing controller 135 receives an external control sig-
nal 0-CS and a present image signal Gn from an external
device. In the present exemplary embodiment, the external
control signal 0-CS includes a vertical synchronization sig-
nal, a horizontal synchronization signal, a main clock, and a
data enable signal. The timing controller 600 generates a data
control signal CS1 and a gate control signal CS2 based onthe
external signal 0-CS.

The data control signal CS1 is used to control the operation
of the data driving circuit 210 and provided to the data driving
circuit 210. The data control signal CS1 includes a horizontal
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start signal used to start the operation of the data driving
circuit 210, an inversion signal used to invert the polarity of
data voltage, and an output indicating signal used to deter-
mine output time of the data voltage from the data driving
circuit 210.

The gate control signal CS2 is used to control the operation
of the gate driving circuit 220 and provided to the gate driving
circuit 220. The gate control signal CS2 includes a vertical
start signal used to start the operation of the gate driving
circuit 220, a gate clock signal used to determine output time
of a gate pulse, and an output enable signal used to determine
the pulse width of the gate pulse.

Upon receiving the present image signal Gn, the timing
controller 135 reads out the previous image signal Gn-1
which has been previously stored in the memory 110, and
then writes the present image signal Gn into the memory 110.

The timing controller 135 reads from the LUT 120, the
reference data f corresponding to the high order bits of the
present image signal Gn and the high order bits of the previ-
ous image signal Gn-1 among reference data which have
been previously stored in the look-up table 120.

The timing controller 135 includes an ALU (not shown)
which creates the corrected image signal Gn' by substituting
the reference data f and the low order bits of the present image
signal Gn and the previous image signal Gn-1 into one of the
pre-established interpolation equations (e.g., first to third
interpolation equations F1 to F3 shown in FIGS. 4 and 5). The
corrected image signal Gn' is applied to the data driving
circuit 210 in synchronization with the data control signal
CSl1.

In the present exemplary embodiment, the timing control-
ler 135 is prepared in the form of one monolithic integrated
circuit chip, and includes the arithmetic unit (ALU) 130
shown in FIG. 1. In addition, the memory 110 and the look-up
table 120 may be embedded in monolithic integrated circuit
chip thatincludes the timing controller 135. The LUT may be
a nonvolatile programmable memory such as a Flash
memory. Values may be programmed to correspond with a
model ofthe TFT, and the capacitance C; -, as determined by
experimental evaluation of a given LCD panel 200.

The data driving circuit 210 receives the corrected image
signal Gn' in synchronization with the control signal CS1
from the timing controller 135. In addition, the data driving
circuit 210 receives gamma reference voltages generated
from a gamma reference voltage generator (not shown) to
convert the corrected image signal Gn' into first to m” data
voltages D1 to Dm based on the gamma reference voltages
and output first to m” data voltages D1 to Dm.

The gate driving circuit 220 receives a gate-on voltage Von
and a gate-off voltage Voff generated from a DC/DC con-
verter (not shown) to sequentially output first to n” gate
pulses G1 to Gn in synchronization with the gate control
signal CS2 generated from the timing controller 135.

The display panel 200 includes a plurality of data lines DL.1
to DLm and a plurality of gate lines GL1 to GLn. The data
lines DL1 to DLm are electrically connected to the data
driving circuit 210 to receive the first to m™ data voltages D1
to Dm. The gate lines GL1 to GLn are electrically connected
to the gate driving circuit 220 to sequentially receive the first
to n” gate pulses G1 to Gn.

The display panel 200 includes a plurality of pixel areas in
a matrix configuration defined by the data lines DL1 to DLm
and the gate lines GL1 to GLn, and each pixel area includes a
thin film transistor Tr and a liquid crystal capacitor Clc.

As shown in FIG. 6, in the first pixel area, a gate electrode
of the thin film transistor Tr is connected to the first gate line
GL1, and a source electrode of the thin film transistor Tr is
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connected to the first data line DL1, and a drain electrode of
the thin film transistor Tr is connected to a first electrode of
the liquid crystal capacitor Clc. Accordingly, the thin film
transistor Tr applies the first data voltage D1 to the pixel
electrode in response to the first gate pulse G1.

In the present exemplary embodiment, the display panel
200 includes an array substrate (not shown), a color filter
substrate (not shown) facing the array substrate, and a liquid
crystal layer (not shown) interposed between the array sub-
strate and the color filter substrate.

The array substrate includes the gate lines GL.1 to GLn, the
data lines DL1 to DLm, the thin film transistor Tr, and the
pixel electrode. Meanwhile, the color filter substrate includes
acommon electrode, which is a second electrode of the liquid
crystal capacitor CLc, and a common voltage is applied to the
common electrode as a reference voltage. The liquid crystal
layer interposed between the pixel electrode and the common
electrode serves as a dielectric layer. Therefore, the liquid
crystal capacitor CLc is charged with a voltage corresponding
to the potential difference between the data voltage applied to
the pixel electrode and the common voltage.

Liquid crystal molecules of the liquid crystal layer are
aligned by the voltage in a predetermined direction, and the
aligned liquid crystal molecules adjust the transmittance of
light supplied from a rear surface of the display panel 200.
Accordingly, a screen image corresponding to the present
image signal Gn may be displayed onto the display panel 200.

Thanks to the interpolation device defined in the ALU 130,
the display apparatus having the same, and operating accord-
ing to the interpolation methods of the present disclosure,
receives a corrected image signal that is calculated by using
interpolation equations formed as second-order equations
even in the low gray-scale difference quad blocks where the
high order bits of the present image signal are the same (or
almost the same) as the high order bits of the previous image
signal, so that interpolation errors may be reduced in the low
gray-scale difference quad-blocks.

Although the exemplary embodiments have been
described, it is understood that the present disclosure of
invention should not be limited to these exemplary embodi-
ments but various changes and modifications can be made to
the same by one ordinary skilled in the art in light of and
within the spirit and scope of the present disclosure.

What is claimed is:

1. A display apparatus comprising:

amemory that stores an image signal in one frame unit, in
which an image signal of a previous frame (a previous
image signal), which is previously stored, is read out
from the memory during a present frame, and an image
of the present frame (a present image signal) is written
into the memory;

a look-up table that stores plural reference data and
receives the previous image signal from the memory and
the present image signal to output reference data corre-
sponding to high order bits of the present image signal
and high order bits of the previous image signal; and

a timing controller that receives low order bits of the
present image signal, low order bits of the previous
image signal, and the reference data to output a corrected
image signal, and receives a control signal from an exter-
nal device to output a data control signal and a gate
control signal, in which the timing controller applies a
first second-order interpolation equation when the high
order bits of the present image signal are identical to the
high order bits of the previous image signal and applies
a second second-order interpolation equation, which is
different from the first second-order interpolation equa-
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tion, when the high order bits of the present image signal
are different from the high order bits of the previous
image signal;

a data driving circuit that receives the corrected image
signal in synchronization with the data control signal
and converts the corrected image signal into data voltage
to output the data voltage;

a gate driving circuit that sequentially outputs gate pulses
in synchronization with the gate control signal; and

adisplay panel that receives the data voltage in response to
the gate pulse to displays an image thereon.

2. The display apparatus of claim 1, wherein a first block,
in which the high order bits of the present image signal are
identical to the high order bits of the previous image signal in
the look-up table, comprises a diagonal line of the look-up
table, and the first block comprises a lower triangular block,
which is defined by first to third column reference data con-
secutively existing at a left-side border of the first block and
the diagonal line, and an upper triangular block, which is
defined by fourth to sixth column reference data existing at a
right-side border of the first block and the diagonal line.

3. The display apparatus of claim 2, wherein the timing
controller outputs the corrected image signal existing in the
lower triangular block by using a first interpolation equation,
which is obtained by a proportional equation of a first refer-
ence equation based on the first to third column reference data
and a second reference equation based on reference data on
the diagonal line, if the present image signal is greater than the
previous image signal, and outputs the corrected image signal
existing in the upper triangular block by using a second intet-
polation equation, which is obtained by a proportional equa-
tion of a third reference equation based on the fourth to sixth
column reference data and a fourth reference equation based
on the reference data on the diagonal line, if the present image
signal is smaller than the previous image signal.

4. The display apparatus of claim 1, wherein the look-up
table outputs seventh to ninth column reference data existing
at a left-side border of a second block, which the high order
bits of the present image signal differ from the high order bits
of the previous image signal, and 107 to 12” column refer-
ence data existing at a right-side border of the second block.

5. The display apparatus of claim 4, wherein the timing
controller outputs the corrected image signal existing in the
second block by using a third interpolation equation obtained
by a proportional equation of a fifth reference equation based
on the seventh to ninth column reference data and a sixth
reference equation based on the 10” to 127 column reference
data.

6. An interpolation method for use in a display apparatus,
the method comprising:

receiving an image signal of a previously displayed frame
of the display apparatus (a previous image signal) and an
image signal of a to-be-displayed present frame (a
present image signal);

outputting reference data corresponding to high order bits
of the present image signal and high order bits of the
previous image signal; and

receiving low order bits of the present image signal, low
order bits of the previous image signal, and the reference
data and obtaining a corrected image signal by applying
afirst second-order interpolation equation when the high
order bits of the present image signal are identical to the
high order bits of the previous image signal and applying
a second second-order equation, which is different from
the first second-order equation, when the high order bits
of the present image signal are different from the high
order bits of the previous image signal.
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7. The interpolation method of claim 6, wherein the cor-
rected image signal is obtained through a first interpolation
equation if the high order bits of the present image signal are
identical to the high order bits of the previous image signal,
and if the present image signal is greater than the previous
image signal, and the first interpolation equation is defined as

Fl=(1-bl)x+ 1)21—aly—ozlxy+(f00—c1)f +aly* +cl,
v
in which

1
al = 7(f20-2710+ £00)

1 y0
bl = m(—f20+4f10—3f00) - W(flO—ZflO+f00),

c1=F00-aly0*-b1y0, 00 denotes first reference data corre-
sponding to the high order bits of the present image signal and
the high order bits of the previous image signal, £10 denotes
second reference data separated from f00 by N correspond-
ing to one block in a column direction, £20 denotes third
reference data separated from £10 by * in a column direction,
x denotes a value obtained by dividing the lower order bits of
the previous image signal by N, y denotes a value obtained by
dividing the low order bits of the present image signal by N,
and y0 denotes a value of y corresponding to the first refer-
ence data.

8. The interpolation method of claim 6, wherein the cor-
rected image signal is obtained through a second interpola-
tion equation if the high order bits of the present image signal
are identical to the high order bits of the previous image
signal, and if the present image signal is smaller than the
previous image signal, and the second interpolation equation
is defined as

F2=(1-02)x+ b2y —a2xy + (fZZ—CZ){ +512y2 +c2,
y
in which

1
a2= = (f02-2f12+4 f22),

y0
=——(f02-2f12+ f22),

1
= —(=f02 - -
bL= g (=f02+4712-3f2) - =

c2=122-a2y2*-b2y2, £22 denotes fourth reference data cor-
responding to the high order bits of the present image signal
and the high order bits of the previous image signal, f12
denotes fifth reference data separated from f22 by N in a
column direction, 02 denotes sixth reference data separated
from f12 by N in a column direction, x denotes a value
obtained by dividing the lower order bits of the previous
image signal by N, y denotes a value obtained by dividing the
low order bits of the present image signal by N, and y2
denotes a value of y corresponding to the fourth reference
data.

9. The interpolation method of claim 6, wherein the cor-
rected image signal is obtained through a third interpolation
equation if the high order bits of the present image signal
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differ from the high order bits of the previous image signal,
and the third interpolation equation is defined as

3+c3
x

a3 dd , (V'3 13
F3=(—x——x+a3]y +(—x——x+b3]y+ +¢3,
N N N N

in which

I
= (532 43+ f33),

1 v3 .
b3= m(—f53 +4f43-3133) - W(f53—2f43+f33),
¢3 = f33-a3y3-b3y3,
1
3= (f54-2 .
a3_4N(f54 4+ f34)

v4
IN?

b3= %(—f54+4f44— 3734)— = (f54— 244 + £34),

3= f3-d3y4 - b'3y4,

£33 denotes seventh reference data corresponding to the high
order bits of the present image signal and the high order bits
of the previous image signal, f43 denotes eight reference data
separated from f33 by N in a column direction, 53 denotes
ninth reference data separated from 43 by N in a column
direction, £34 denotes 10” reference data separated from £33
by N in a row direction, 44 denotes 11 reference data
separated from 43 by N in a row direction, 54 denotes 12
reference data separated from £53 by N in a row direction, x
denotes a value obtained by dividing the lower order bits of
the previous image signal by N, y denotes a value obtained by
dividing the low order bits of the present image signal by N,
y* denotes a value of y corresponding to the seventh reference
data, and y* denotes a value of y corresponding to the 10%
reference data.

10. A method for compensating for charge and discharge
characteristics of a Liquid Crystal Display (LCD) pixel unitin
cases where a current new image signal level is close to, but
not substantially equivalent to a previous one of a frame ago
and where a current new image signal level is coarsely dif-
ferent and substantially further away from the previous one of
a frame ago, where closeness is determined as a function of
resolution provided by a predefined lookup table used to
model response characteristics of the LCD pixel unit to a
drive pulse as a function of a previous charge state relative to
a next-to-be attained charge state, the method comprising:

(a) automatically determining whether the current new
image signal level is close to, but not substantially
equivalent to a previous one of a frame ago and if so,
automatically determining whether the current new
image signal level is greater than, less than the previous
one of a frame ago;

(b) using a first interpolation scheme in response to deter-
mination that the current new image signal level is close
but greater than the previous one of a frame ago; and

(¢) using a different second interpolation scheme in
response to determination that the current new image
signal level is close but less than the previous one of a
frame ago.

11. The method of claim 10, further comprising:

(d) using no interpolation scheme in response to determi-
nation that the current new image signal level is substan-
tially equivalent to the previous one of a frame ago.
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12. The method of claim 11, further comprising:

(e) using a different third interpolation scheme in response
to determination that the current new image signal level
is substantially different and further away from the pre-
vious one of a frame ago.

13. The method of claim 12, further comprising:

(f) applying a drive signal to the modeled LCD pixel unit,
where the drive signal is a function of the used one of
said first through third or no interpolation scheme as set
forth in steps (b)-(e).

14. An automated apparatus for automatically compensat-
ing for charge and discharge characteristics of a Liquid Crys-
tal Display (LCD) pixel unit in cases where a current new
image signal level is close to, but not substantially equivalent
to a previous one of a frame ago and where a current new
image signal level is coarsely different and substantially fur-
ther away from the previous one of a frame ago, where close-
ness is determined as a function of resolution provided by a
predefined lookup table used to model response characteris-
tics of the LCD pixel unit to a drive pulse as a function of a
previous charge state relative to a next-to-be attained charge
state, the apparatus comprising:

(a) determining means for automatically determining

whether the current new image signal level is close to,
but not substantially equivalent to a previous one of a
frame ago and if so, automatically determining whether
the current new image signal level is greater than, less
than the previous one of a frame ago;

(b) first interpolation means that uses a first interpolation
scheme in response to determination by the determining
means that the current new image signal level is close but
greater than the previous one of a frame ago; and

(c) second interpolation means that uses a different second
interpolation scheme in response to determination by the
determining means that the current new image signal
level is close but less than the previous one of a frame
ago.

15. An interpolation device for use in a display apparatus

the device comprising:

a frame memory for storing previous image data corre-
sponding to a previous frame displayed on the display
apparatus;

a look-up table coupled to the frame memory and storing
plural reference data and receives the previous image
signal from the memory and the present image signal to
output reference data corresponding to a predetermined
number of high order bits of the present image signal and
a predetermined number of high order bits of the previ-
ous image signal output from the frame memory; and

an arithmetic unit that receives low order bits of the present
image signal, low order bits of the previous image sig-
nal, and the reference data from the look-up table and
responsively outputs a corrected image signal by a first
second-order interpolation process, a second second-
order interpolation process or no interpolation process,

wherein the arithmetic unit uses the first second-order
interpolation process when the high order bits of the
present image signal are identical to the high order bits
of the previous image signal and uses the second second-
order interpolation process which is different from the
first second-order interpolation process, when the high
order bits of the present image signal are different from
the high order bits of the previous image signal.

16. The interpolation device of claim 1, wherein the look-
up table outputs at least three column reference data existing
on one column line at a border of a first block, where the high
order bits of the present image signal are identical to the high
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order bits of the previous image signal, and reference data
existing on a diagonal line of the look-up table.

17. The interpolation device of claim 16, wherein the first
block is subdivided into a lower triangular block defined by a
first column line at a left-side border of the first block and the
diagonal line of the look-up table; and an upper triangular
block defined by a second column line at a right-side border of
the first block and the diagonal line of the look-up table and
the arithmetic unit uses different interpolation processes in
response to input data corresponding to the upper triangular
block rather than the lower triangular block.

18. The interpolation device of claim 17, wherein the cor-
rection data signal exists in the lower triangular block if the
present image signal is greater than the previous image signal,
and exists in the upper triangular block if the present image
signal is smaller than the previous image signal.

19. The interpolation device of claim 18, wherein a column
component of the correction data signal is generated accord-
ing to a first reference equation, which is formed as a second-
order equation, based on first, second, and third column ref-
erence data sequentially existing on the first column line in
the lower triangular block, and the first reference equation is
defined as

fAL = aly? + bly +cl

wherein

1
al = =(£20- 210+ fO0)

Y

1 0
bl = 75 (=f20+4f10 -3700) - 755 (f20 - 2110 + £00),

¢l = 00 —aly0® - b1y0,

where F00, £10, and 20 denote the first, second, and third
column reference data, respectively, N denotes an inter-
val between the first and second column reference data,
y denotes a value obtained by dividing the low order bits
of the present image signal by N, and y0 denotes a value
of y used to calculate the first column reference data
from the first reference equation.

20. The interpolation device of claim 19, wherein, the
reference data existing on the diagonal line in the lower tri-
angular block are calculated through a second reference equa-
tion formed as a first-order equation, and the second reference
equation is defined as fB1=f00+y, wherein f00 denotes the
first column reference data, and y denotes a value obtained by
dividing the low order bits of the present image signal by N.

21. The interpolation device of claim 20, wherein an inter-
polation equation is obtained by a proportional equation of
the first and second reference equations in the lower triangu-
lar block, the proportional equation satisfies x:y=(F1-fA1):(
FB1-fA1), and the interpolation equation is defined as

Fl :(1—bl)x+l)1y—alxy+(fOO—cl)f +aly* +cl
y

by the proportional equation, in which x denotes a value
obtained by diving the low order bits of the previous image
signal by N.

22. The interpolation device of claim 18, wherein a column
component of the corrected image signal is calculated
through a third reference equation, which is formed as a
second-order equation, based on fourth, fifth, and sixth col-
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umn reference data existing on the second column line in the
upper triangular block, and the third reference equation is
defined as fA2=a2y>+b2y +c2, in which

a2 = %(foz- 212+ £22),

1 v0
= —(=f02 — - - 2 2
bl= (= f02+ 4712 = 3f20) ~ = (02 -2 12+ [22),

c2=122-a2y2*-b2y 2, £02, £12, and §22 denote the fourth,
fifth, and sixth column reference data, respectively, N denotes
the interval between the fourth and fifth column reference
data, y denotes a value obtained by dividing the low order bits
of the present image signal by N, and y2 denotes a value of'y
used to obtain the sixth column reference data 22 from the
third reference equation.

23. The interpolation device of claim 22, wherein the ref-
erence data existing on the diagonal line are calculated
through a fourth reference equation formed as a first-order
equation in the upper triangular block, and the fourth refer-
ence equation is defined as fB2=f22+y, in which 22 denotes
the sixth column reference data, and Y is a value obtained by
dividing the low order bits of the present image signal by N.

24. The interpolation device of claim 23, wherein an inter-
polation equation is obtained by a proportional equation of
the third and fourth reference equations in the upper triangu-
lar block, the proportional equation satisfies x:y=(f A2-F2):(
FA2-fB2), and the interpolation equation is defined as

F2=(1-2)x+ be—aZy—any+(f22—cZ)f +512y2 +c2
v

by the proportional equation, in which x denotes a value
obtained by dividing the low order bits of the previous image
signal by N.

25. The interpolation device of claim 24, wherein the look-
up table outputs at least left-side three column reference data
existing on a third column line at a left-side border of a second
block, where the high order bits of the present image signal
differ form the high order bits of the previous image signal,
and at least three right-side reference data existing on a fourth
column line at a right-side border of the second block.

26. The interpolation device of claim 25, wherein a fifth
reference equation formed as a second-order equation is cal-
culated based on seventh, eighth, and ninth column reference
data existing on the third column line, a column component of
the corrected image signal is calculated through the fifth
reference equation, and the fifth reference equation is defined
as fA3=a3y’+b3y +c3, wherein

I
a3 = 7 (f53- 2143+ f33),

1 v3 R
b3 = m(—f53+4f43—3f33) - W(f53—2f43+f33),

c3=33-a3y3-b3y3, £33, f43, and 53 denote the seventh,
eighth, and ninth column reference data, respectively, N
denotes an interval between the seventh and eighth column
reference data, y denotes a value obtained by dividing the low
order bits of the present image signal by N, and y* denotes a
value of y used to obtain the seventh column reference data
from the fifth reference equation.
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27. The interpolation device of claim 26, wherein a sixth
reference equation formed as a second-order equation is cal-
culated based on 10”, 11?, and 12” column reference data
existing on the fourth column line, the column component of
the corrected image signal is calculated through the sixth
reference equation, and the sixth reference equation is defined
as fB3=a'3y*+b'3y +c'3, wherein

a'3= %(f54—2f44+f34)‘

y4
2N?

1
B3 = o (S S47 4= M) - S (5421444 134),

c3=F34-a'3y4>-b'3v4, 34, F44, and 54 denote the 107,
117 and 12 column reference data, respectively, y denotes
a value obtained by dividing the low order bits of the present
image signal by N, and y* denotes a value of y used to obtain
the 10 column reference data from the sixth reference equa-
tion.

28. The interpolation device of claim 27, wherein an inter-
polation equation is obtained by a proportional equation of

10

20

20
the fifth and sixth reference equations in the second block, the
proportional equation is defined as N:x=(fB3—fA3):(F3-
FA3), and the interpolation equation is defined as

e

in which x denotes a value obtained by diving the low order
bits of the previous image signal by N.

(T3, B . (13 B
_(Wx—ﬁx+a ]y +(Wx—ﬁx+

3+c3
X

+c3,

29. The interpolation device of claim 1, wherein a column
axis of the look-up table represents the present image signal,
and a row axis of the look-up table represents the previous
image signal.

30. The interpolation device of claim 29, wherein the high
order bits of the present image signal and the previous image
signal include o bits, and the look-up table stores (2%+1)x
(2%+1) reference data corresponding to the high order bits of
the present image signal and the previous image signal.
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