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(57) ABSTRACT

An apparatus and method for driving an LCD device is
provided. The apparatus for driving an LCD device com-
prises an image display unit that includes liquid crystal cells
formed in each region defined by a plurality of gate lines and
a plurality of data lines. A data driver supplies analog video
signals to the respective data lines. A gate driver supplies
scan pulses to the respective gate lines. A data converter
detects motion vectors from input data and generating
modulated data by filtering the input data in accordance with
the motion vectors to generate overshoot or undershoot in a
boundary along a motion direction. A timing controller
aligns the modulated data to supply the aligned data to the
data driver and operates the data driver and the gate driver.
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APPARATUS AND METHOD FOR DRIVING
LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Patent Application No. 2005-084577, filed on Sep. 12, 2005,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND

[0002] 1. Field

[0003] An apparatus and method for driving a liquid
crystal display (LCD) device is provided.

[0004] 2. Related Art

[0005] Generally, a LCD device can adjust the light trans-
mittance of liquid crystal cells according to a video signal so
that an image is displayed. An active matrix type LCD
device has a switching element formed for every liquid
crystal cell and can display a moving image. A thin film
transistor (TFT) can be used as a switching element in the
active matrix type LCD device.

[0006] FIG. 1 illustrates a related art apparatus for driving
an LCD device.

[0007] As shown in FIG. 1, the related art apparatus for
driving an LCD includes an image display unit 2 including
liquid crystal cells formed in each region defined by the first
to n-th gate lines GL.1 to GLn and the first to m-th data lines
DL1 to DLm. A data driver 4 supplys analog video signals
to the data lines DL1 to DLm. A gate driver 6 supplys scan
pulses to the gate lines GL1 to GLn. A timing controller 8
aligns externally input data RGB and supplies them to the
data driver 4, generates data control signals DCS that control
the data driver 4, and generates gate control signals GCS to
control the gate driver 6.

[0008] The image display unit 2 includes a transistor array
substrate, a color filter array substrate, a spacer, and a liquid
crystal. The transistor array substrate and the color filter
array substrate face each other and are bonded to each other.
The spacer uniformly maintains a cell gap between the two
substrates. The liquid crystal is filled in a liquid crystal area
prepared by the spacer.

[0009] The image display unit 2 includes a TFT formed in
the region defined by the gate lines GL1 to GLn and the data
lines D1 to DLm, and the liquid crystal cells connected to
the TFT. The TFT supplies analog video signals from the
data lines DL1 to DLm to the liquid crystal cells in response
to the scan pulses from the gate lines GL1 to GLn. The liquid
crystal cell is comprised of common electrodes facing each
other by interposing the liquid crystal therebetween and
pixel electrodes connected to the TFT. Therefore, the liquid.
crystal cell is equivalent to a liquid crystal capacitor Clc. The
liquid crystal cell includes a storage capacitor Cst connected
to a previous gate line to maintain the analog video signals
filled in the liquid crystal capacitor Clc until the next analog
video signals are filled therein.

[0010] The timing controller 8 aligns the externally input
data RGB to be suitable for driving of the image display unit
2 and supplies the aligned data to the data driver 4. Also, the
timing controller 8 generates the data control signals DCS
and the gate control signals GCS using a dot clock DCLK,
a data enable signal DE, and horizontal and vertical syn-
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chronizing signals Hsync and Vsyncthat are externally
input, so as to control each driving timing of the data driver
4 and the gate driver 6.

[0011] The gate driver 6 includes a shift register that
sequentially generates scan pulses, for example, gate high
pulses in response to a gate start pulse GSP and a gate shift
clock GSC among the gate control signals GCS from the
timing controller. The gate driver 6 sequentially supplies the
gate high pulses to the gate lines GL of the image display
unit 2 to turn on the TFT connected to the gate lines GL.

[0012] The data driver 4 converts the data signal, aligned
from the timing controller 8, into analog video signals. This
conversion is in response to the data control signals DCS
that are supplied from the timing controller 8. The analog
video signals, which are supplied to the data lines DL,
correspond to one horizontal line per one horizontal period.
The scan pulses are supplied into the gate lines GL. In other
words, the data driver 4 selects a gamma voltage having a
predetermined level depending on a gray level value of the
data signal Data and supplies the selected gamma voltage to
the data lines DL1 to DLm. The data driver 4 then inverses
polarity of the analog video signals supplied to the data lines
DL in response to a polarity control signal POL.

[0013] The related art apparatus for driving an LCD
device has a relatively slow response speed due to charac-
teristics such as the inherent viscosity and elasticity of the
liquid crystal. In other words, although the response speed of
the liquid crystal may be different according to the physical
properties and cell gap of the liquid crystal, it is common
that the rising time is 20 to 80 ms and the falling time is 20
to 30 ms. Because this response speed is longer than one
frame period (16.67 ms in National Television Standards
Committee (NTSC)) of a moving image, as shown in FIG.
2, the response of the liquid crystal proceeds to the next
frame before a voltage being charged on the liquid crystal
cell reaches a desired level.

[0014] Since the image of each frame displayed in the
image display unit 2 affects the image of the next frame, as
shown in FIG. 3, motion blurring occurs in the moving
image due to perception of a viewer.

[0015] The related art apparatus and method for driving an
LCD device causes motion blurring degradation in contrast
ratio, and, in turn, degradation in display quality.

[0016] In order to prevent motion blurring from occurring,
an over-driving apparatus, which modulates a data signal to
obtain the fast response speed of the liquid crystal, has been
suggested.

[0017] FIG. 4 is a block diagram illustrating a related art
over-driving apparatus.

[0018] As shown in FIG. 4, the related art over-driving
apparatus 50 includes a frame memory 52 that stores data
RGB of a current frame Fn, a look-up table 54 that generates
modulated data for obtaining the fast response speed of the
liquid crystal by comparing the data RGB of the current
frame Fn with data of a previous frame Fn-1 stored in the
frame memory 52, and a mixing unit 56 that mixes the
modulated data from the look-up table 54 with the data RGB
of the current frame Fn.

[0019] The look-up table 54 lists modulated data that
converts a voltage of the data RGB of the current frame Fn
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into a higher voltage to obtain the fast response speed of the
liquid crystal, thereby adapting to a gray level value of an
image moving at the fast speed.

[0020] Since a voltage higher than an actual data voltage
is applied to the liquid crystal using the look-up table 54 as
shown in FIG. 5, the fast response speed of the liquid. crystal
is adapted to a target gray level voltage until a desired gray
level value is actually obtained.

[0021] Accordingly, the related art over-driving apparatus
50 can reduce motion blurring of a display image by
accelerating the response speed of the liquid crystal using
the modulated data.

[0022] However, the related art LCD device fails to obtain
a clear image due to motion blurring occurring in boundaries
A and B of each image as shown in FIG. 6 even though the
image is displayed using the over-driving apparatus. Since
luminance increases between the boundaries A and B of the
image to have a tilt, motion blurring still occurs even though
the liquid crystal is driven at high speed.

SUMMARY

[0023] An apparatus and method for driving an LCD
device is provided.

[0024] An apparatus that drives an LCD device comprises
an image display unit that includes liquid crystal cells
formed in each region defined by a plurality of gate lines and
a plurality of data lines. A data driver supplies analog video
signals to the respective data lines. A gate driver supplies
scan pulses to the respective gate lines. A data converter
detects motion vectors from input data and generates modu-
lated data by filtering the input data in accordance with the
motion vectors to generate overshoot or undershoot in a
boundary along a motion direction. A timing controller
aligns the modulated data and supplies the aligned data to
the data driver and controls the data driver and the gate
driver.

[0025] The data converter generates overshoot if the gray
level is changed from low gray level to high gray level in the
boundary, and generates undershoot if the gray level is
changed from a high gray level to a low gray level in the
boundary.

[0026] A method for driving an LCD device comprises an
image display unit that includes liquid crystal cells formed
in each region defined by a plurality of gate lines and a
plurality of data lines. The method comprises detecting
motion vectors from input data and generating modulated
data by filtering the input data in accordance with the motion
vectors to generate overshoot or undershoot in a boundary
along a motion direction; supplying scan pulses to the
respective gate lines; and converting the modulated data into
analog video signals to synchronize with the scan pulses and
supplying the analog video signals to the respective data
lines.

[0027] The overshoot is generated if gray level is changed
from a low gray level to a high gray level in the boundary,
and the undershoot is generated if the gray level is changed
from a high gray level to a low gray level in the boundary.

[0028] Tt is to be understood that both the foregoing
general description and the following detailed description

Mar. 15, 2007

are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

DRAWINGS

[0029] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0030] FIG. 1 illustrates a related art apparatus that drives
an LCD device;
[0031] FIG. 2 illustrates the response speed and luminance

of a liquid crystal cell shown in FIG. 1;

[0032] FIG. 3 illustrates motion blurring occurring in a
related art apparatus and method for driving an LCD device;

[0033] FIG. 4 is a block diagram illustrating a related. art
over-driving apparatus;

[0034] FIG. 5illustrates the response speed and luminance
of a liquid crystal cell in a related art over-driving apparatus
shown in FIG. 4;

[0035] FIG. 6 illustrates boundaries of an image according
to the relate art;

[0036] FIG. 7 illustrates an apparatus that drives an LCD
device;

[0037] FIG. 8 is a block diagram that illustrates the data

converter shown in FIG. 7;

[0038] FIG. 9 is a block diagram that illustrates an image
modulator as shown in FIG. 8;

[0039] FIGS. 10A to 10D illustrate motion direction
between images;

[0040] FIG. 11 illustrates Gaussian distribution of a lumi-
nance component shown in FIG. 9;

[0041] FIG. 12 illustrates overshoot and undershoot occur-
ring in boundaries of an image shown in FIG. 9;

[0042] FIGS. 13A to 13D illustrate overshoot and under-
shoot that occurs in boundaries of an image shown in FIG.
9 in accordance with motion direction and speed,

[0043] FIG. 14 illustrates motion blurring removed by an
apparatus and method for driving an LCD device;

[0044] FIG. 15 illustrates a method that drives an LCD
device according to another embodiment;

[0045] FIG. 16 illustrates the order of respective frames
that convert an image driven at 60 Hz into an image driven
at 90 Hz using an insertion frame shown in FIG. 15;

[0046] FIG. 17 illustrates an image modulator of an appa-
ratus for driving an LCD device according to another
embodiment;

[0047] FIG. 18 illustrates a method for driving an LCD
device according to another embodiment;

[0048] FIG. 19 illustrates the order of respective frames
that convert an image driven at 60 Hz into an image driven
at 120 Hz using an insertion frame shown in FIG. 18; and
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[0049] FIG. 20 illustrates an image modulator of an appa-
ratus that drives an LCD device according to another
embodiment.

DESCRIPTION

[0050] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts.

[0051] FIG. 7 illustrates an apparatus that drives an LCD
device. As shown in FIG. 7, the apparatus that drives an
LCD device includes an image display unit 102 that includes
liquid crystal cells formed in each region defined by first to
n-th gate lines GL1 to GLn and first to m-th data lines DLL1
to DLm. A data driver 104 supplies analog video signals to
the data lines DL1 to DLm. A gate driver 106 supplies scan
pulses to the gate lines GL1 to GLn. A data converter 110
detecting motion vectors from externally input data RGB
and generates modulated data R'G'B' by filtering the data
RGB in accordance with the motion vectors to generate
overshoot or undershoot in a boundary along a motion
direction. A timing controller 108 aligns the modulated data
R'G'B' from the data converter 110 and supplies the aligned
data to the data driver 104, generates data control signals
DCS that control the data driver 104, and generates gate
control signals GCS that control the gate driver 106.

[0052] The image display unit 102 includes a transistor
array substrate, a color filter array substrate, a spacer, and a
liquid crystal. The transistor array substrate and the color
filter array substrate face each other and are bonded to each
other. The spacer uniformly maintains a cell gap between the
two substrates. The liquid crystal is filled in a liquid crystal
area prepared by the spacer.

[0053] The image display unit 102 includes a TFT formed
in the region defined by the gate lines GL1 to GLn and the
data lines DL1 to DLm, and the liquid crystal cells are
connected to the TFT. The TFT supplies the analog video
signals from the data lines DL1 to DLm to the liquid crystal
cells in response to the scan pulses from the gate lines GL1
to GLn. The liquid crystal cell is comprised of common
electrodes that face each other by interposing the liquid
crystal therebetween and pixel electrodes connected to the
TFT. Therefore, the liquid crystal cell is equivalent to a
liquid crystal capacitor Clc. The liquid crystal cell includes
a storage capacitor Cst connected to a previous gate line to
maintain the analog video signals filled in the liquid crystal
capacitor Clc until the next analog video signals are filled
therein.

[0054] The data converter 110 detects the motion vectors
of the externally input data RGB, generates the modulated
data R'G'B' by filtering the data RGB in response to the
detected motion vectors to generate overshoot or undershoot
in the boundary along the motion direction, and supplies the
generated modulated data R'G'B to the timing controller
108. In other words, the data converter 110 generates
overshoot if the gray level is changed from a low gray level
to a high gray level in the boundary along the motion
direction. The data converter 110 generates undershoot if the
gray level is changed from a high gray level to a low gray
level in the boundary along the motion direction.
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[0055] The timing controller 108 aligns the modulated
data R'G'B' supplied from the data converter 110 to be
suitable for driving of the image display unit 102, and
supplies the aligned data signal to the data driver 104. The
timing controller 108 generates the data control signals DCS
and the gate control signals GCS using a dot clock DCLK,
a data enable signal DE, and horizontal and vertical syn-
chronizing signals Hsync and Vsync that are externally
input, so as to control each driving timing of the data driver
104 and the gate driver 106.

[0056] The gate driver 106 includes a shift register that
sequentially generates scan pulses, for example, gate high
pulses in response to a gate start pulse GSP and a gate shift
clock GSC among the gate control signals GCS from the
timing controller 108. The gate driver 106 sequentially
supplies the gate high pulses to the gate lines GL of the
image display unit 102 to turn on the TFT connected to the
gate lines GL.

[0057] The data driver 104 converts the data signal aligned
from the timing controller 108 into the analog video signals
in response to the data control signals DCS supplied from
the timing controller 108, and supplies the analog video
signals corresponding to one horizontal line per one hori-
zontal period in which the scan pulses are supplied to the
gate lines GL to the data lines DL. In other words, the data
driver 104 generates the analog video signals by selecting a
gamma voltage having a predetermined level depending on
a gray level value of the data signal, and supplies the
generated analog video signals to the data lines DL1 to
DLm. The data driver 104 then inverses polarity of the
analog video signals supplied to the data lines DL in
response to a polarity control signal POL.

[0058] FIG. 8 is a block diagram illustrating the data
converter 110 shown in FIG. 7.

[0059] Referring to FIG. 8, the data converter 110 includes
an inverse gamma converter 200, a separator 210, a delay
unit 220, an modulator 230, a mixer 240, and a gamma
converter 250.

[0060] The inverse gamma converter 200 converts the
externally input data RGB into first linear data Ri, Gi and Bi
using the following equation (1) because the externally input
data RGB has undergone gamma correction considering
output characteristics of a cathode ray tube.

Ri=R*

Gi=G*

Bi=B* o
[0061] The separator 210 separates the first data Ri, Gi and

Bi of a frame unit into a luminance component Y and
chrominance components U and V. The luminance compo-
nent Y and the chrominance components U and V are
respectively obtained by the following equations (2) to (4).

Y=0.229%Ri+0.587x Gi+0.114xB{ 2)
U=0.493x(Bi-T) )
¥=0.887x(Ri-Y) )
[0062] The separator 210 supplies the luminance compo-

nent Y separated from the first data Ri, Gi and Bi by the
equations 2 to 4 to the modulator 230 and also supplies the
chrominance components U and V separated from the first
data Ri, Gi and Bi to the delay unit 220.
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[0063] The modulator 230 detects the motion vectors
using the luminance component Y from the separator 210,
and supplies to the mixing unit 240 a luminance component
Y' modulated by filtering the luminance component Y in
accordance with the detected motion vectors to generate
overshoot or undershoot in the boundary along a motion
direction.

[0064] The delay unit 220 generates delayed chrominance
components UD and VD by delaying the chrominance
components U and V of a frame unit while the modulator
230 filters the luminance component Y of a frame unit. The
delay unit 220 supplies to the mixer 240 the delayed
chrominance components UD and VD to synchronize with
the modulated luminance component Y".

[0065] The mixer 240 generates second data Ro, Go and
Bo by mixing the modulated luminance component Y'
supplied from the modulator 230 with the chrominance
components UD and VD supplied from the delay unit 220.
At this time, the second data Ro, Go and Bo are obtained by
the following equations (5) to (7).

Ro=Y"+0.000xUD+1.140x VD (3)
Go=Y"-0.396xUD-0.581x VD (6)
Bo=Y"+2.029xUD+0.000x VD @)

[0066] The gamma converter 250 performs gamma cor-
rection for the second data Ro, Go and Bo supplied from the
mixer 240 using the following equation 8 to convert the
resultant data into modulated data RG'B'.

R=(Ro)!

G'=(Go)!*

B=(Bo)"™ ®)
[0067] The gamma converter 250 performs gamma cor-

rection for the second data Ro, Go and Bo to the modulated
data R'G'B' suitable for a driving circuit of the image display
unit 102 using a look-up table, and supplies the resultant
data to the timing controller 108.

[0068] The data converter 110 detects the motion vectors
from the input data RGB and modulates the image by
filtering the luminance component Y in accordance with the
detected motion vectors to generate overshoot or undershoot
in the boundary along a motion direction of the image. As a
result, it is possible remove motion blurring occurring in the
boundary along a motion direction of the image.

[0069] FIG.9isa block diagram illustrating the modulator
230 shown in FIG. 8.

[0070] The modulator 230 includes a memory 232 that
stores the luminance component Y that is supplied from the
separator 210 for the unit of frame, a motion detector 234
that detects motion vectors Md and Ms using a luminance
component Y of a previous frame Fn-1 stored in the
memory 232 and a luminance component Y of a current
frame Fn supplied from the separator 210, and a motion filter
236 that filters the luminance component Y in accordance
with the motion vectors Md and Ms to generate overshoot or
undershoot in the boundary of a motion direction.

[0071] The memory 232 stores the luminance component
Y that is supplied from the separator 210 for the unit of
frame, and supplies the luminance component Y to the
motion detector 234.
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[0072] The motion detector 234 detects the motion vectors
Md and Ms, which include motion direction and motion
speed, by comparing the luminance component Y of the
previous frame Fn-1 stored in the memory 232 with the
luminance component Y of the current frame Fn supplied
from the separator 210 in a micro-block unit on the image
display unit 102. The motion detector 234 supplies the
detected motion vectors to the motion filter 236.

[0073] The motion direction Md, as shown in FIGS. 10A
to 10D, is determined by motion of the image displayed by
the previous frame Fn-1 and the current frame Fn, such as
left side to the right side (FIG. 10A), left side to the right side
(FIG. 10B), lower side to the upper side (FIG. 10C), and
upper side to the lower side (FIG. 10D). The motion
direction Md can be determined by motion of two diagonal
directions, for example, a first diagonal direction from upper
side to lower side and a second diagonal direction from
lower side to upper side.

[0074] The motion speed Ms is determined by the size in
the motion direction Md.

[0075] The motion filter 236 detects the boundary of the
moving image by differentiating the input luminance com-
ponent Y. The motion filter 236 generates the modulated
luminance component Y' by filtering the luminance compo-
nent Y to generate overshoot or undershoot in the boundary
of the detected image in accordance with the motion direc-
tion Md and the motion speed Ms from the motion detector
234.

[0076] The motion filter 236, as shown in FIG. 11, filters
the luminance component Y to generate overshoot or under-
shoot in the boundary of the detected image in accordance
with the following equation (9) using Gaussian distribution.

Gx,p)=Axe” (=(P+2)2R%) )

[0077] As shown in FIG. 12, the motion filter 236 gener-
ates undershoot US in the boundary along a motion direction
if the gray level is changed from a high gray level to a low
gray level in the boundary, and generates overshoot OS in
the boundary along a motion direction if the gray level is
changed from low gray level to high gray level in the
boundary. A depth of overshoot OS or undershoot US in the
boundary increases in proportion to the size of A, and its
distribution size is determined in accordance with the size of
R.

[0078] For example, as shown in FIGS. 13A to 13D,
height, depth and distribution size of overshoot OS or
undershoot US are determined in accordance with the
motion direction Md of the image and the motion speed Ms
of a frame unit. Referring to the equation 9, A and R increase
in the boundary along a motion direction as the motion speed
Ms and the motion direction Md increase. As a result, the
motion filter 236 generates overshoot OS having a large
distribution size and high height and undershoot US having
a large distribution size and deep depth.

[0079] The image modulator 230, as shown in FIG. 14,
moves from left side to right side (frame 1 to frame 2 to
frame 3 . . . ) using the motion filter 236 to generate
undershoot in the boundary of the image whose gray level is
changed from a high gray level to a low gray level and
overshoot in the boundary of the image whose gray level is
changed from a low gray level to a high gray level.



US 2007/0057895 A1l

[0080] High frequency components, for example, over-
shoot and undershoot occur in the boundary along the
motion direction of the image in accordance with a human
being’s perception having low frequency characteristics. As
a result, in the apparatus and method for driving an LCD
device, overshoot and undershoot are offset with each other
so as to remove motion blurring.

[0081] FIG. 16 illustrates a method for driving an LCD
device according to another embodiment.

[0082] Referring to FIG. 16, an image driven at a fre-
quency of 60 Hz is displayed at a frequency of 90 Hz, and
overshoot and undershoot occur in the boundary along the
motion direction of the image so as to effectively remove
motion blurring occurring in the boundary of the image.

[0083] An insertion frame IFn, as shown in FIG. 15, is
generated using first to third adjacent frames Fn, Fn+1, and
Fn+2 driven at a frequency of 60 Hz, and two frames are
converted into three frames using the generated insertion
frame IFn so as to display the image at a frequency of 90 Hz.

[0084] The insertion frame IFn may be inserted between
the second and third frames Fn+1 and Fn+2 driven at a
frequency of 60 Hz as shown in FIG. 16 (a) or between the
first and second Fn and Fn+1 driven at a frequency of 60 Hz
as shown in FIG. 16 (b).

[0085] In the method for driving an LCD device, motion
blurring is removed by generating overshoot and undershoot
in the boundary along the motion direction of the image
driven at a frequency of 90 Hz using the data converter
shown in FIG. 8.

[0086] FIG. 17 illustrates an image modulator 230 of an
apparatus for driving an LCD device according to another
embodiment.

[0087] The apparatus for driving an LCD device according
to another embodiment has the same configuration as that of
the apparatus shown in FIGS. 7 and 8 excluding the image
modulator 230, as shown in FIG. 17.

[0088] As shown in FIG. 17 in connection with FIG. 8, the
image modulator 230 includes a memory 332 that stores the
luminance component Y supplied from the separator 210 for
the unit of frame. A motion vector generator 334 detects
motion vectors Mdl, Ms1, Md2, and Ms2 using the lumi-
nance component Y of the current frame Fn stored in the
memory unit 332 and the luminance component Y of the
next frame Fn+1 supplied from the separator 210. A com-
parator 338 generates a comparing signal CS by comparing
the motion vectors Md1 and Ms1 with the motion vectors
Md2 and Ms2. An insertion frame generator 337 generates
an insertion frame IFn by selecting the motion vectors Mdl1,
Ms1, Md2, and Ms2 corresponding to the comparing signal
CS. A motion filter 336 generates each modulated luminance
component Y' of the current frame Fn and the next frame
Fn+l by filtering each Iuminance component Y of the
current frame Fn and the next frame Fn+1 in accordance
with the motion vectors Mdl, Msl, Md2, and Ms2 to
generate overshoot or undershoot in the boundary of a
motion direction. The motion filter 336 generates a modu-
lated luminance component Y' of the insertion frame IFn by
filtering the luminance component of the insertion frame
IFn. A frame aligner 339 aligns the order of the modulated
luminance components Y' of the current, next and insertion

Mar. 15, 2007

frames Fn, Fn+1 and TFn supplied from the motion filter 336
in accordance with the comparing signal CS to obtain a
driving frequency of 90 Hz and supplies the aligned data to
the mixing unit 240.

[0089] The memory 332 includes a first memory 3324 that
stores the luminance component Y supplied from the sepa-
rator 210 for the unit of frame, and a second memory 3325
that stores the luminance component Y of the current frame
stored in the first memory.

[0090] The first memory 332a stores the luminance com-
ponent Y of the current frame Fn supplied from the separator
210 and supplies the luminance component Y of the stored
current frame Fn to the motion vector generator 334 and the
second memory 332b.

[0091] The second memory 3325 stores the luminance
component Y of the current frame Fn supplied from the first
memory 3324 as the luminance component Y of the previous
frame Fn-1 and supplies the stored luminance component Y
of the previous frame Fn-1 to the motion vector generator
334.

[0092] The motion vector generator 334 includes a first
motion detector 334a that detects first motion vectors Mdl
and Ms1 using the luminance component Y of the current
frame Fn stored in the first memory 332a and the luminance
component Y of the next frame Fn+1 supplied from the
separator 210. A second motion detector 3345 detects sec-
ond motion vectors Md2 and Ms2 using the luminance
component Y of the current frame Fn stored in the first
memory 332a and the luminance component Y of the
previous frame Fn-1 stored in the second memory 3325.

[0093] The first motion detector 334a detects the first
motion vectors Md1 and Ms1, which include the first motion
direction Mdl and the first motion speed Ms1, by comparing
the luminance component Y of the current frame Fn with the
luminance component Y of the next frame Fn+l in a
micro-block unit on the image display unit 102. The first
motion detector 334a supplies the detected first motion
vectors Mdl and Msl1 to the motion filter 336. The first
motion direction Mdl, as shown in FIGS. 10A to 10D, is
determined by the motion of the image displayed by the
current frame Fn and the next frame Fn+1, such as left side
to the right side (FIG. 10A), left side to the right side (FIG.
10B), lower side to the upper side (FIG. 10C), and upper side
to the lower side (FIG. 10D). Also, the first motion speed
Msl is determined by motion of the first motion direction
Mdl1.

[0094] The second motion detector 3345 detects the sec-
ond motion vectors Md2 and Ms2, which include the second
motion direction Md2 and the second motion speed Ms2, by
comparing the luminance component Y of the current frame
Fn with the luminance component Y of the previous frame
Fn-1 in a micro-block unit on the image display unit 102.
The second motion detector 3345 supplies the detected
second motion vectors Md2 and Ms2 to the motion filter
336. The second motion direction Md2, as shown in FIGS.
10A to 10D, is determined by motion of the image displayed
by the previous frame Fn-1 and the current frame Fn, such
as left side to the right side (FIG. 10A), left side to the right
side (FIG. 10B), lower side to the upper side (FIG. 10C), and
upper side to the lower side (FIG. 10D). The second motion
speed Ms2 is determined by motion of the second motion
direction Md2.
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[0095] The comparator 338 generates the comparing sig-
nal CS by comparing the first motion vectors Mdl and Ms1
from the first motion detector 334a with the second motion
vectors Md2 and Ms2 from the second motion detector
334h. The comparing signal CS is used to determine the
position that inserts the insertion frame IFn among the
previous, current and next frames Fn—-1, Fn, and Fn+1.

[0096] The insertion frame generator 337 generates the
insertion frame IFn using the first motion vectors Md1 and
Ms1 or the second motion vectors Md2 and Ms2 in accor-
dance with the comparing signal CS, and supplies the
generated insertion frame IFn to the motion filter 336. For
example, if the insertion frame IFn is inserted between the
previous frame Fn-1 and the current frame Fn in order to
drive the image at a driving frequency of 90 Hz, it is
generated by the first motion vectors Mdl and Msl as an
image having motion between the frames Fn-1 and Fn. By
contrast, if the insertion frame IFn is inserted between the
current frame Fn and the next frame Fn+1 in order to drive
the image at a driving frequency of 90 Hz, it is generated by
the second motion vectors Md2 and Ms2 as an image having
motion between the frames Fn and Fn+1.

[0097] The motion filter 336 includes a first motion filter
336a filtering the luminance component Y of the next frame
Fn+1 to generate overshoot or undershoot in the boundary of
the motion direction in accordance with the first motion
vectors Md1 and Msl. A second motion filter 3365 filters the
luminance component Y of the current frame Fn to generate
overshoot or undershoot in the boundary of the motion
direction in accordance with the second motion vectors Md2
and Ms2. A third motion filter 336¢ filters the luminance
component Y of the insertion frame IFn to generate over-
shoot or undershoot in the boundary of the motion direction
in accordance with the first motion vectors Md1 and Ms1 or
the second motion vectors Md2 and Md2 selected by the
comparing signal CS.

[0098] The first motion filter 336a detects the boundary of
the moving image by differentiating the luminance compo-
nent Y of the next frame Fn+l in the same manner as the
motion filter 236 of the image modulator 230 according to
the aforementioned embodiment. The first motion filter 3364
generates the modulated luminance component Y' of the
next frame Fn+1 by filtering the luminance component Y of
the next frame Fn+1 to generate overshoot or undershoot in
the boundary of the detected image in accordance with the
first motion direction Md1 and the first motion speed Ms1.

[0099] The second motion filter 3365 detects the boundary
of the moving image by differentiating the luminance com-
ponent Y of the current frame Fn in the same manner as the
motion filter 236 of the image modulator 230 according to
the aforementioned embodiment. The second motion filter
336b generates the modulated luminance component Y' of
the current frame Fn by filtering the luminance component
Y of the current frame Fn to generate overshoot or under-
shoot in the boundary of the detected image in accordance
with the second motion direction Md2 and the second
motion speed Ms2.

[0100] The third motion filter 336¢ detects the boundary of
the moving image by differentiating the luminance compo-
nent Y of the insertion frame IFn in the same manner as the
motion filter 236 of the image modulator 230 according to
the aforementioned embodiment. The third motion filter
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336¢ generates the modulated luminance component Y' of
the insertion frame IFn by filtering the luminance compo-
nent Y of the insertion frame IFn to generate overshoot or
undershoot in the boundary of the detected image in accor-
dance with either the first motion direction Md1 and the first
motion speed Msl or the second motion direction Md2 and
the second motion speed Ms2 selected by the comparing
signal CS.

[0101] The frame aligner 339 aligns the order of the
modulated luminance components Y' of the current, next and
insertion frames Fn, Fn+1 and IFn are supplied from the first
to third motion filters 336a, 3365 and 336¢ in accordance
with the comparing signal CS to obtain a driving frequency
of 90 Hz as shown in FIG. 16 (a) or 16 (), and supplies the
aligned data to the mixer 240.

[0102] According to another embodiment, if the gray level
is changed from a high gray level to a low gray level in the
boundary of the image moving in accordance with the
motion direction and the motion speed, overshoot occurs in
the boundary. If the gray level is changed from a low gray
level to a high gray level in the boundary, the image is
filtered to generate undershoot in the boundary and then
modulated. The image driven at a frequency of 60 Hz is
driven at a frequency of 90 Hz using the insertion frame. It
is possible to remove motion blurring and also obtain a
clearer image.

[0103] FIG. 19 illustrates a method for driving an LCD
device according to another embodiment of the present
invention.

[0104] As shown in FIG. 19, in the method for driving an
LCD device according to another embodiment, an image
driven at a frequency of 60 Hz is displayed at a frequency
of 120 Hz, and overshoot and undershoot occur in the
boundary along the motion direction of the image so as to
effectively remove motion blurring occurring in the bound-
ary of the image.

[0105] In more detail, in the method for driving an LCD
device according to another embodiment, as shown in FIG.
18, the insertion frame IFn is generated using previous and
current frames Fn-1 and Fn adjacent to each other and
driven at a frequency of 120 Hz, and the generated insertion
frame IFn is inserted between the previous and current
frames Fn-1 and Fn so as to drive the image at a frequency
of 120 Hz.

[0106] Inthe method for driving an LCD device according
to another embodiment, motion blurring is removed by
generating overshoot and undershoot in the boundary along
the motion direction of the image driven at a frequency of
120 Hz using the data converter shown in FIG. 8.

[0107] FIG. 20 illustrates a modulator 230 of an apparatus
for driving an LCD device according to another embodi-
ment.

[0108] The apparatus for driving an LCD device has the
same configuration as that of the apparatus according to the
aforementioned embodiment shown in FIGS. 7 and 8
excluding the modulator 230 shown in FIG. 20.

[0109] As shown in FIG. 20 in connection with FIG. 8, the
modulator 230 includes a memory 432 that stores the
luminance component Y supplied from the separator 210 for
the unit of frame. A motion detector 434 detects motion
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vectors Md and Ms using the luminance component Y of the
current frame Fn supplied from the separator 210 and the
luminance component Y of the previous frame Fn-1 stored
in the memory 432. An insertion frame generator 437
generates the insertion frame IFn using the motion vectors
Md and Ms. A motion filter 436 generates the modulated
luminance component Y' of the current frame Fn by filtering
the luminance component Y of the current frame Fn in
accordance with the motion vectors Md and Ms to generate
overshoot or undershoot in the boundary of the motion
direction. The motion filter 436 generates the modulated
luminance component Y' of the insertion frame IFn by
filtering the luminance component of the insertion frame
IFn. A frame aligner 439 aligns the order of the modulated
luminance components Y' of the current and insertion
frames Fn and IFn supplied from the motion filter 436 to
obtain a driving frequency of 120 Hz and supplies the
aligned data to the mixing unit 240.

[0110] The memory 432 stores the luminance component
Y supplied from the separator 210 for the unit of frame, and
supplies the stored luminance component Y to the motion
detector 434.

[0111] The motion detector 434 detects the motion vectors
Md and Ms, which include the motion direction and the
motion speed, by comparing the luminance component Y of
the previous frame Fn-1 stored in the memory 432 with the
luminance component Y of the current frame Fn supplied
from the separator 210 in a micro-block unit on the image
display unit 102. The motion detector 434 supplies the
detected motion vectors to the motion filter 436. The motion
direction Md, as shown in FIGS. 10A to 10D, is determined
by motion of the image displayed by the previous frame
Fn-1 and the current frame Fn, such as left side to the right
side (FIG. 10A), left side to the right side (FIG. 10B), lower
side to the upper side (F1G. 10C), and upper side to the lower
side (FIG. 10D) . The motion speed Ms is determined by the
size in the motion direction Md.

[0112] The insertion frame generator 437 generates the
insertion frame IFn using the motion vectors Md and Ms and
supplies the generated insertion frame IFn to the motion
filter 436. The insertion frame IFn is generated as an image
having motion between the previous and current frames
Fn-1 and Fn in order to drive the image at a driving
frequency of 120 Hz.

[0113] The motion filter 436 includes a first motion filter
436a that filters the luminance component Y of the current
frame Fn in accordance with the motion vectors Md and Ms
to generate overshoot or undershoot in the boundary of the
motion direction. A second motion filter 4365 filters the
luminance component Y of the insertion frame IFn in
accordance with the motion vectors Md and Ms to generate
overshoot or undershoot in the boundary of the motion
direction.

[0114] The first motion filter 436a detects the boundary of
the moving image by differentiating the luminance compo-
nent Y of the current frame Fn in the same manner as the
motion filter 236 of the image modulator 230 according to
the aforementioned embodiment. The first motion filter 436a
generates the modulated luminance component Y' of the
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current frame Fn by filtering the luminance component Y of
the current frame Fn to generate overshoot or undershoot in
the boundary of the detected image in accordance with the
motion direction Md and the motion speed Ms.

[0115] The second motion filter 4365 detects the boundary
of the moving image by differentiating the luminance com-
ponent Y of the insertion frame IFn in the same manner as
the motion filter 236 of the image modulator 230 according
to the aforementioned embodiment. The second motion filter
436) generates the modulated luminance component Y' of
the insertion frame IFn by filtering the luminance compo-
nent Y of the insertion frame IFn to generate overshoot or
undershoot in the boundary of the detected image in accor-
dance with the motion direction Md and the motion speed
Ms.

[0116] The frame aligner 439 aligns the order of the
modulated luminance components Y' of the current and
insertion frames Fn and IFn supplied from the first and
second motion filters 4364 and 4365 to obtain a driving
frequency of 120 Hz as shown in FIG. 19, and supplies the
aligned data to the mixer 240. The insertion frame IFn is
positioned at the center between the previous and current
frames Fn-1 and Fn.

[0117] According to another embodiment, if the gray level
is changed from a low gray level to a high gray level in the
boundary of the image moving in accordance with the
motion direction and the motion speed, overshoot occurs in
the boundary. If the gray level is changed from a high gray
level to a low gray level in the boundary, the image is filtered
to generate undershoot in the boundary and then modulated.
The image driven at a frequency of 60 Hz is driven at a
frequency of 120 Hz using the insertion frame. Thus, it is
possible to remove motion blurring and also obtain a clearer
image.

[0118] According to the present embodiment of the
present invention, if the gray level is changed from a low
gray level to a high gray level in the boundary of the image
moving in accordance with the motion direction and the
motion speed, overshoot occurs in the boundary. If the gray
level is changed from a high gray level to a low gray level
in the boundary, the image is filtered to generate undershoot
in the boundary and then modulated. As a result, overshoot
and undershoot are offset with each other so as to remove
motion blurring.

[0119] According to the present embodiment, if the gray
level is changed from a low gray level to a high gray level
in the boundary of the image moving in accordance with the
motion direction and the motion speed, overshoot occurs in
the boundary. If the gray level is changed from a high gray
level to a low gray level in the boundary, the image is filtered
to generate undershoot in the boundary and then modulated.
The image is driven at a higher frequency using the insertion
frame. Thus, it is possible to remove motion blurring and
obtain a clearer image.

[0120] As aresult, itis possible to remove motion blurring
using algorithm without changing panel design and hard-
ware and to obtain a clearer image.

[0121] Tt will be apparent to those skilled in the art that
various modifications and variations can be made without
departing from the embodiments presented.
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What is claimed is:
1. An apparatus for driving an LCD device comprising:

an image display unit that includes liquid crystal cells
formed in each region defined by a plurality of gate
lines and a plurality of data lines;

a data driver that supplies analog video signals to the
respective data lines;

a gate driver that supplies scan pulses to the respective
gate lines;

a data converter that detects motion vectors from input
data and generates modulated data that is filtered input
data in accordance with the motion vectors that genet-
ate overshoot or undershoot in a boundary along a
motion direction; and

a timer that aligns the modulated data and supplies the
aligned data to the data driver and operates the data
driver and the gate driver.

2. The apparatus as in claim 1, wherein the data converter
generates overshoot if the gray level is changed from a low
gray level to a high gray level in the boundary, and generates
undershoot if gray level is changed from a high gray level to
a low gray level in the boundary.

3. The apparatus as in claim 2, wherein the data converter
includes:

an inverse gamma converter that performs inverse gamma
correction on the data and generates first data;

a separator that separates the first data into luminance
components and chrominance components;

an modulator that detects the motion vectors using the
luminance component and generates a modulated lumi-
nance component, wherein the luminance component is
filtered in accordance with the motion vectors;

a mixer that mixes the modulated luminance component
with the chrominance components to generate second
data; and

a gamma converter that performs gamma correction on
the second data from the mixer to generate modulated
data.

4. The apparatus as in claim 3, wherein the motion vectors
include motion direction and motion speed between adjacent
frames.

5. The apparatus as in claim 4, wherein the image modu-
lator includes:

a memory that stores the luminance component supplied
from the separator for the unit of frame;

a motion detector that detects the motion vectors using a
luminance component of a previous frame stored in the
memory and a luminance component of a current frame
supplied from the separator; and

a filter that filters the luminance component in accordance
with the motion vectors to generate overshoot or under-
shoot in the boundary.

6. The apparatus as in claim 5, wherein the filter generates
overshoot or undershoot in the boundary, wherein the ovet-
shoot or undershoot has Gaussian distribution and a height
corresponding to the motion direction and the motion speed.

7. The apparatus as in claim 4, wherein the modulator
generates one insertion frame that uses at least two adjacent

Mar. 15, 2007

frames, and generates the modulated luminance component
having a driving frequency higher than that of the data that
use the generated insertion frame.

8. The apparatus as in claim 7, wherein the modulator
includes:

a memory that stores the luminance component supplied
from the separator for the unit of frame;

a motion vector generator that detects a plurality of
motion vectors using the luminance component of the
current frame stored in the memory and a luminance
component of a next frame supplied from the separator;

a comparator that generates a comparing signal by com-
parison of the motion vectors with each other;

an insertion frame generator that generates the insertion
frame by selection of the motion vectors that corre-
spond to the comparing signal;

a motion filter that generates modulated luminance com-
ponents of the current frame and the next frame by
filtering each luminance component of the current
frame and the next frame in accordance with the motion
vectors to generate overshoot or undershoot in the
boundary, and generates a modulated luminance com-
ponent of the insertion frame by filtering the luminance
component of the insertion frame; and

a frame aligner that aligns the order of the modulated
luminance components of the current, next and inser-
tion frames supplied from the motion filter in accor-
dance with the comparing signal to obtain a driving
frequency of 90 Hz and supplies the aligned data to the
mixer.

9. The apparatus as in claim 8, wherein the memory

includes:

a first memory that stores the luminance component
supplied from the separator for the unit of frame; and

a second memory that stores the luminance component of
the current frame stored in the first memory.
10. The apparatus as in claim 9, wherein the motion vector
generator includes:

a first motion detector that detects first motion vectors that
use the luminance component of the current frame
stored in the first memory and the luminance compo-
nent of the next frame supplied from the separator; and

a second motion detector that detects second motion
vectors that use the luminance component of the cur-
rent frame stored in the first memory and the luminance
component of the previous frame stored in the second
memory.

11. The apparatus as in claim 10, wherein the insertion
frame generator generates the insertion frame with either the
first motion vectors or the second motion vectors in accor-
dance with the comparing signal, and supplies the generated
insertion frame to the motion filter.

12. The apparatus as in claim 11, wherein the insertion
frame generator generates the insertion frame having motion
between the previous frame and the current frame using the
first motion vectors in accordance with the comparing signal
if the insertion frame is inserted between the previous frame
and the current frame, and generates the insertion frame
having motion between the current frame and the next frame
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using the second motion vectors if the insertion frame is
inserted between the current frame and the next frame.

13. The apparatus as in claim 10, wherein the motion filter
includes:

a first motion filter that generates the modulated lumi-
nance component of the next frame by filtering the
luminance component of the next frame to generate
overshoot or undershoot in the boundary in accordance
with the first motion vectors;

a second motion filter that generates the modulated lumi-
nance component of the current frame by filtering the
luminance component of the current frame to generate
overshoot or undershoot in the boundary in accordance
with the second motion vectors; and

a third motion filter that generates the modulated lumi-
nance component of the insertion frame by filtering the
luminance component of the insertion frame to gener-
ate overshoot or undershoot in the boundary using the
motion vectors selected in accordance with the com-
paring signal.

14. The apparatus as in claim 13, wherein each motion
filter generates overshoot or undershoot in the boundary to
have Gaussian distribution and a height corresponding to the
motion direction and the motion speed.

15. The apparatus as in claim 7, wherein the image
modulator includes:

a memory that stores the luminance component supplied
from the separator for the unit of frame;

amotion detector that detects the motion vectors using the
luminance component of the current frame supplied
from the separator and the luminance component of the
previous frame stored in the memory;

an insertion frame generator that generates the insertion
frame using the motion vectors;

a motion filter that generates the modulated luminance
component of the current frame by filtering the lumi-
nance component of the current frame in accordance
with the motion vectors to generate overshoot or under-
shoot in the boundary, and generates the modulated
luminance component of the insertion frame by filter-
ing the luminance component of the insertion frame;
and

a frame aligner that aligns the order of the modulated
luminance components of the current and insertion
frames supplied from the motion filter to obtain a
driving frequency of 120 Hz and supplies the aligned
data to the mixer.

16. The apparatus as in claim 15, wherein the insertion
frame generator generates the insertion frame having motion
between the previous frame and the current frame using the
motion vectors.

17. The apparatus as in claim 15, wherein the motion filter
includes:

a first motion filter that generates the modulated lumi-
nance component of the current frame by filtering the
luminance component of the current frame to generate
overshoot or undershoot in the boundary in accordance
with the motion vectors; and

Mar. 15, 2007

a second motion filter that generates the modulated lumi-
nance component of the insertion frame by filtering the
luminance component of the insertion frame to gener-
ate overshoot or undershoot in the boundary in accor-
dance with the motion vectors.

18. The apparatus as in claim 17, wherein each motion
filter generates overshoot or undershoot in the boundary to
have Gaussian distribution and a height corresponding to the
motion direction and the motion speed.

19. A method for driving an LCD device comprising an
image display unit that includes liquid crystal cells formed
in each region defined by a plurality of gate lines and a
plurality of data lines, the method comprising;

detecting motion vectors from input data and generating
modulated data by filtering the input data in accordance
with the motion vectors to generate overshoot or under-
shoot in a boundary along a motion direction;,

supplying scan pulses to the respective gate lines; and

converting the modulated data into analog video signals to
synchronize with the scan pulses and supplying the
analog video signals to the respective data lines.

20. The method as in claim 19, wherein the overshoot is
generated 1f gray level is changed from a low gray level to
a high gray level in the boundary, and the undershoot is
generated if gray level is changed from a high gray level to
a low gray level in the boundary.

21. The method as in claim 20, wherein the act of
generating the modulated data includes:

performing inverse gamma correction on the data for the
frame to generate a first data;

separating the first data into a luminance component and
chrominance components;

detecting the motion vectors using the luminance com-
ponent and generating a modulated luminance compo-
nent by filtering the luminance component in accor-
dance with the motion vectors;

mixing the modulated luminance component with the
chrominance components to generate second data; and

performing gamma correction on the second data to

generate the modulated data.

22. The method as in claim 21, wherein the motion
vectors include motion direction and motion speed between
adjacent frames.

23. The method as in claim 22, wherein the act of
generating the modulated luminance component includes:

storing the luminance component separated from the data
for the frame in a memory;

detecting the motion vectors using a luminance compo-
nent of a previous frame stored in the memory and a
luminance component of a current frame separated
from the data; and

filtering the luminance component in accordance with the
motion vectors to generate overshoot or undershoot in
the boundary.

24. The method as in claim 23, wherein the act of filtering
the luminance component includes generating overshoot or
undershoot in the boundary to have Gaussian distribution
and a height corresponding to the motion direction and the
motion speed.
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25. The method as in claim 22, wherein the act of
generating the modulated luminance component includes
generating one insertion frame using at least two adjacent
frames, and generating the modulated luminance component
having a driving frequency higher than that of the data using
the generated insertion frame.

26. The method as in claim 25, wherein the act of
generating the modulated luminance component includes:

storing the luminance component separated from the data
in a first memory for the frame;

storing the luminance component of the current frame
stored in the first memory in a second memory;

detecting first motion vectors using a luminance compo-
nent of a next frame separated from the data and the
luminance component of the current frame stored in the
first memory;

detecting second motion vectors using the luminance
component of the current frame stored in the first
memory and a luminance component of a previous
frame stored in the second memory;

generating a comparing signal by comparing the first
motion vectors with the second motion vectors;

generating the insertion frame by selecting the first and
second motion vectors corresponding to the comparing
signal,

generating a modulated luminance component of the next
frame by filtering the luminance component of the next
frame in accordance with the first motion vectors to
generate overshoot or undershoot in the boundary;

generating a modulated luminance component of the
current frame by filtering the luminance component of
the current frame in accordance with the second motion
vectors to generate overshoot or undershoot in the
boundary;

generating a modulated luminance component of the
insertion frame by filtering the luminance component
of the insertion frame using the selected motion vectors
to generate overshoot or undershoot in the boundary;
and

aligning the order of the modulated luminance compo-
nents of the current, next and insertion frames in
accordance with the comparing signal to obtain a
driving frequency of 90 Hz.
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27. The method as in claim 26, wherein the act of
generating the insertion frame includes generating the inset-
tion frame having motion between the previous frame and
the current frame using the first motion vectors in accor-
dance with the comparing signal if the insertion frame is
inserted between the previous frame and the current frame,
and generating the insertion frame having motion between
the current frame and the next frame using the second
motion vectors if the insertion frame is inserted between the
current frame and the next frame.

28. The method as in claim 26, wherein the act of filtering
the luminance component of each frame includes generating
overshoot or undershoot in the boundary to have Gaussian
distribution and a height corresponding to the motion direc-
tion and the motion speed.

29. The method as in claim 25, wherein the act of
generating the modulated luminance component includes:

storing the luminance component separated form the data
in a memory for the unit of frame;

detecting the motion vectors using the luminance com-
ponent of the current frame separated from the data and
the luminance component of the previous frame stored
in the memory:

generating the insertion frame having motion between the
previous frame and the current frame using the motion
vectors;

generating the modulated luminance component of the
current frame by filtering the luminance component of
the current frame in accordance with the motion vectors
to generate overshoot or undershoot in the boundary;

generating the modulated luminance component of the
insertion frame by filtering the luminance component
of the insertion frame in accordance with the motion
vectors to generate overshoot or undershoot in the
boundary; and

aligning the order of the modulated luminance compo-
nents of the current and insertion frames to obtain a
driving frequency of 120 Hz.

30. The method as in claim 29, wherein the act of filtering
the luminance component of each frame includes generating
overshoot or undershoot in the boundary to have Gaussian
distribution and height corresponding to the motion direc-
tion and the motion speed.
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