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2408138

METHOD AND APPARATUS FOR DRIVING LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of the
Korean Patent Application No. P2003-81171 filed in Korea
on November 17, 2003, which is hereby incorporated by

reference.
BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention relates to a liquid crystal g°*****
display, and more particularly to a driving method and
apparatus for a liquid crystal display wherein a contrast
can be selectively emphasized in correspondence with input

data. ALY

[ X ] [ ]

Description of the Related Art

[0003] Generally, a liquid <crystal display (LCD)
controls light transmittance of liquid crystal cells in
accordance with video signals to thereby display a picture.
Such an LCD has been implemented by an active matrix type
having a switching device for each cell, and applied to a
display device such as a monitor for a computer, office
equipments, a cellular phone and the like. The switching
device for the active matrix LCD mainly employs a thin

film transistor (TFT).

[(0004] Fig. 1 schematically shows a conventional LCD

driving apparatus.



{0005] Referring to Fig. 1, the conventional LCD

driving apparatus includes a liquid crystal display panel
2 having mxn liquid crystal cells Clc arranged in a matrix

type, m data lines Dl to Dm and n gate lines Gl to Gn
intersecting each other and thin film transistors TET
provided at the intersections, a data driver 4 for
applying data signals to the data lines D1 to Dm of the
liquid crystal display panel 2, a gate driver 6 for
applying scanning signals to the gate lines Gl to Gn, a
gamma voltage supplier 8 for supplying the data driver 4
with gamma voltages, a timing controller 10 for
controlling the data driver 4 and the gate driver 6 using
synchronizing signals from a system 20, a direct current
to direct current converter 14, hereinafter referred to as
“pc/DC converter”, for generating voltages supplied to the
liquid crystal display panel 2 using a voltage from a
power supply 12, and an inverter 16 for driving a back

light 18.

[0006] The system 20 applies vertical/horizontal
signals Vsync and Hsync, clock signals DCLK, a data enable

signal DE and data R, G and B to the timing controller 10.

[0007] The liquid crystal display panel 2 includes a
plurality of liquid crystal cells Clc arranged, 1in a
matrix type, at the intersections between the data lines
D1 to Dm and the gate lines Gl to Gn. The thin film
transistor TFT provided at each liquid crystal cell Clc
applies a data signal from each data line D1 to Dm to the
liquid crystal cell Clc in response to a scanning signal
from the gate line G. Further, each 1liquid crystal cell

Clc is provided with a storage capacitor Cst. The storage



capacitor Cst is provided between a pixel electrode of the
liquid crystal cell Clc and a pre-stage gate line or
between the pixel electrode of the liquid crystal cell Clc
and a common electrode line, to thereby constantly keep a

voltage of the liquid crystal cell Clc.

(0008] The gamma voltage supplier 8 applies a plurality

of gamma voltages to the data driver 4.

[0009] The data driver 4 converts digital video data R,
G and B into analog gamma voltages (i.e., data signals)
corresponding to gray levels in response to a control
signal CS from the timing controller 10, and applies the

analog gamma voltages to the data lines D1 to Dm.

[0010] The gate driver 6 sequentially applies a
scanning pulse to the gate lines Gl to Gn in response to a
control signal CS from the timing controller 10 to thereby
select horizontal 1lines of the 1ligquid crystal display

panel 2 supplied with the data signals.

[0011] The timing controller 10 generates the control
signals CS for controlling the gate driver 6 and the data
driver 4 using the vertical/horizontal synchronizing
signals Vsync and Hsync and the clock signal DCLK inputted
from the system 20. Herein, the control signal CS for
controlling the gate driver 6 is comprised of a gate start
pulse GSP, a gate shift clock GSC and a gate output enable
signal GOE, etc. Further, the control signal CS for
controlling the data driver 4 is comprised of a source
start pulse SSP, a source shift clock SSC, a source output
enable signal SOE and a polarity signal POL, etc. The

timing controller 10 re-aligns the data R, G and B from



the system 20 to apply them to the data driver 4.

[0012] The DC/DC converter 14 boosts or drops a voltage
of 3.3V inputted from the power supply 12 to generate a
voltage supplied to the 1liquid crystal display panel 2.
Such a DC/DC converter 14 generates a gamma reference
voltage, a gate high voltage VGH, a gate low voltage VGL

and a common voltage Vcom.

[0013] The inverter 16 applies a driving voltage (or
driving current) for driving the back light 18 to the back
light 18. The back light 18 generates light correspondingi'":‘
to the driving voltage (or driving current) from thesseess
inverter 16 to apply it to the 1liquid crystal display
panel 2. .

[0014] In order to display a vivid image in the liquid ,,..

crystal display panel 2 driven in this manner, a distinct

contrast between brightness and darkness in a portion that **
has many gray levels is made. However, since a method of
selectively enlarging the contrast ratio of data in
correspondence with the data does not exist in the
conventional LCD, it is difficult to display a dynamic and
fresh image. Moreover, in the conventional LCD, the back
light 18 emits light at a constant brightness, independent
of the data. If the back light 18 radiates light at a
constant brightness independent of the data, then it is
difficult to display a dynamic and fresh image on the

liquid crystal display panel 2.
SUMMARY OF THE INVENTION

[0015] Accordingly, a driving method and apparatus for



a liquid crystal display are provided in which the
contrast can be selectively emphasized in correspondence

with input data.

[0016] A method of driving a 1liquid crystal display
according to one aspect of the present invention includes
(A) converting first data into brightness components and
chrominance components; (B) modulating the brightness
components such that a contrast ratio is selectively
emphasized to thereby generate modulated brightness
components; and (C) generating second data having a
selectively emphasized contrast ratio using the modulatedE"°L

brightness components and the chrominance components. seeeia

[0017] The method further includes <converting a -

synchronizing signal inputted from the exterior ini °..

synchronization with the first data to be synchronized ,,,,

[ XXX}

with the second data. :

[0018] The above (B) comprises arranging the brightness
components into gray levels for each frame to generate a
histogram; extracting a control value from the histogram;
dividing the histogram into a plurality of fixed regions
to determine a region to which the control value belongs;
re-setting the regions of the histogram in correspondence
with the region to which the control value belongs; and
generating the modulated brightness components using a
curve with different slopes in the re-set histogram

regions.

[0019] The method further includes controlling
brightness of a back light to be in proportion to a dgray

level of the control value.



[0020] The chrominance components are delayed until the

modulated brightness components are generated.

[0021] The control value is selected to be a gray level

existing most frequently in the histogram.

[0022] Determining the region to which the control
value belongs includes dividing the histogram into a first
region, a second region, a third region and a fourth
region such that each histogram can be divided into the

same region and determining a region to which the controlf*u:-

value belongs of the divided four regions. seseee
[0023] Re-setting regions of the histogram re using two et
extracted brightnesses, and extracting the extracted:? °..°

brightnesses in response to the control value comprises
L

two of: extracting a first low brightness as a first gray °""°

level of the histogram having a frequency that exceeds a °* *
first reference value; extracting a first high brightness
as a last gray level of the histogram having a frequency
that exceeds the first reference; extracting a second low
brightness as a first gray level of the histogram having a
frequency that exceeds a second reference; and extracting
a second high brightness as a last gray level of the
histogram having a frequency that exceeds the second

reference.

[0024] The first reference is a frequency that is 5% to

10% of a maximum frequency in the histogram.

[0025] The second reference is a frequency that is 1%

to 4.9% of the maximum frequency in the histogram.



[0026] The gray levels increase from the first region

to the fourth region.

[0027] When the control wvalue is in the first region,
the first and second high brightness are extracted and the
regions of the histogram are re-arranged wusing the

extracted first and second high brightness.

[0028] When the control value is in the second region
or the third region, the second low brightness and the
second high brightness or the first low brightness and thef‘":'
first high brightness are extracted and the regions of theg-u:-

histogram are re-arranged using the extracted second low

brightness and the extracted second high brightness or the '«

o» LY
¢ o L
L] e

extracted first low brightness and the extracted first

high brightness. coes

[0029] When the control wvalue is in the fourth region, °** °*
the first and second low brightness are extracted and the
regions of the histogram are re-arranged using the

extracted first and second low brightness.

[0030] After the regions of the histogram are re-
arranged, the modulated brightness components are
generated with using a curve having slopes proportional to

the amounts of data in the regions.
[0031] The modulated brightness components are
generated with using a curve having a largest slope in a

region to which the control value belongs.

[0032] The method further includes determining



positions of the first low brightness and the first high
brightness; and generating the second data from non-
modulated brightness components and chrominance components
when the first low brightness and the first high
brightness are in the same region and have a desired gray

level therebetween.

[0033] The method further includes determining
positions of the second low brightness and the second high
brightness; and generating the second data from non-
modulated brightness components and chrominance components
when the second low brightness and the second highf-":-
brightness are in the same region and have a desired grays.u:.

level therebetween.

[0034] A driving apparatus for a liquid crystal displaysn.

according to another aspect of the present invention

includes a brightness/color separator for converting first.'...
data into brightness components and chrominance "+’ *
components; a modulator for modulating the brightness
components such that a contrast ratio thereof is
selectively emphasized to thereby generate modulated
brightness components; and a brightness/color mixer for
generating second data having a selectively emphasized
contrast ratio using the modulated brightness components

and the chrominance components.

[0035] The driving apparatus further includes a
controller for <converting a synchronizing signal in
synchronization with the first data to be synchronized

with the second data.

[0036] The modulator includes a brightness analyzer for



arranging the brightness components into gray levels for
each frame to generate a histogram and for extracting a
control value from the histogram; a moving region selector
for dividing the histogram into a plurality of moving
regions in response to the control value; and a data
controller for generating the modulated brightness
components using a curve of different slopes in the

plurality of moving regions.

[0037] The driving apparatus further includes an
inverter controller for controlling brightness of a back
light in correspondence with a gray level of the controlfu-h

value. secece

[0038] The driving apparatus further includes delay ‘e

oe [}

means for delaying the chrominance components until the?l °,.

modulated brightness components are generated.

eesse
L4 L]
[ A XN ]

[0039] The brightness analyzer includes a histogram °** *
calculator for arranging the brightness components into
gray levels for each frame to generate a histogram; a
control value extractor for extracting the control value
from the histogram; and a brightness selector for dividing
the histogram into a plurality of fixed regions and
determining a fixed region to which the control value

belongs.

[0040] The brightness selector divides the histogram
into a first region, a second region, a third region and a
fourth region such that each histogram can be divided into
the same fixed region, and determines the region to which

the control value belongs of the divided four regions.



[0041] The brightness analyzer includes a first low
brightness extractor for extracting a first low brightness
as a first gray level of the histogram having a frequency
that exceeds a first reference; a first high brightness
extractor for extracting a first high brightness as a last
gray level of the histogram having a frequency that
exceeds the first reference; a second low brightness
extractor for extracting a second low brightness as a
first gray level of the histogram having a frequency that
exceeds a second reference; and a second high brightness
extractor for extracting a second high brightness as a
last gray level of the histogram having a frequency thatfu-a
exceeds the second reference. The brightness selectors.ut.

applies at least two brightnesses, of the first low

brightness, the first high brightness, the second low .

brightness and the second high brightness, ing *..

correspondence with an area to which the control wvalue

belongs to the moving region selector.

[0042] Herein, the first reference is a frequency that

is 5% to 10% of a maximum frequency in the histogram.

[0043] The second reference is a frequency that is 1%

to 4.9% of a maximum frequency in the histogram.

[0044] The gray levels increase from the first region

to the fourth region.

[0045] When the control value is in the first region,
the brightness selector extracts the first and second high
brightness, and the moving region selector sets moving
regions of the histogram using the extracted first and

second high brightness.
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[0046] When the control value is in the second region

or the third region, the brightness selector extracts the
second low brightness and the second high brightness or

the first low brightness and the first high brightness,

and the moving region selector sets moving regions of the
histogram using the extracted second low brightness and

the extracted second high brightness or the extracted
first 1low brightness and the extracted first high
brightness.

[0047] When the control value is in the fourth region,§"°h
the brightness selector extracts the first and second lowf.u:.
brightness, and the moving region selector re-arranges the
regions of the histogram using the extracted first and '?

second low brightness. e Yoo

[0048] After the regions of the histogram are re- =~ -
arranged, the data processor generates the modulated **’
brightness components using a curve having slopes

proportional to the amounts of data in the regions.

[0049] The modulated brightness components are
generated with using a curve having a largest slope in a

region to which the control value belongs.

[0050] The brightness selector applies a control signal
to the data processor when the first low brightness and
the first high brightness are in the same region and have
a desired gray level therebetween, and the data processor
generates the second data from non-modulated brightness

components and chrominance components.

11



[0051] Alternatively, the brightness selector applies a
control signal to the data processor when the second low
brightness and the second high brightness are in the same
region and have a desired gray level therebetween, and the
data processor generates the second data from non-

modulated brightness components and chrominance components.
BRIEF DESCRIPTION OF THE DRAWINGS

[0052] The invention will be apparent from the
following detailed description of the embodiments of the

L] L 4
.

present invention with reference to the accompanyinga®***
drawings, in which: E'":-
[0053] Fig. 1 is a schematic block diagram showing a

configuration of a conventional driving apparatus for a
liquid crystal display; . -:
[0054] Fig. 2 is a schematic block diagram showing CYRTE

configuration of a driving apparatus for a liquid crystal | .,

display according to an embodiment of the present
invention;

[0055] Fig. 3 1is a detailed block diagram of the
picture quality enhancer shown in Fig. 2;

[0056] Fig. 4 1is a detailed block diagram of the
brightness analyzer shown in Fig. 3;

[0057] Fig. 5 is a graph showing an example of a
histogram calculated by the histogram calculator shown in
Fig. 4;

[0058] Fig. 6 is a detailed block diagram of the region
gelector shown in Fig. 3;

[0059] Fig. 7 is a graph showing divided regions of a
histogram in which the most-frequent value is in the first
region;

[0060] Fig. 8A and Fig. 8B are graphs showing divided

12



regions of a histogram in which the most-frequent value is

in the second region;

[0061] Fig. 9A and Fig. 9B are graphs showing divided
regions of a histogram in which the most-frequent value is

in the third region;

[0062] Fig. 10 is a graph showing divided regions of a
histogram in which the most-frequent value is in the
fourth region;

{0063] Fig. 11 is a graph showing a slope of a curve in
which the modulated brightness components are produced
when the most-frequent value is in the first region;

[0064] Fig. 12A and Fig. 12B are graphs showing a slopessssés
of a curve in which the modulated brightness componentsgn.h
are produced when the most-frequent value is in the second
region; o3
[0065] Fig. 13A and Fig. 13B are graphs showing a slopegn,:’
of a curve in which the modulated brightness components _,,.,

are produced when the most-frequent value is in the third °*°***
* * e

region;

[0066] Fig. 14 is a graph showing a slope of a curve in
which the modulated brightness components are produced
when the most-frequent value is in the fourth region; and
[0067] Fig. 15A and Fig. 15B are graphs showing
histograms having brightness components corresponding to a

full white and a full black picture, respectively.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[o068] Fig. 2 schematically shows a driving apparatus

for a 1liquid crystal display (LCD) according to an

embodiment of the present invention.

[0069] Referring to Fig. 2, the LCD driving apparatus

13



according to the embodiment of the present invention
includes a 1liquid crystal display panel 22 having mXn

liquid crystal cells Clc arranged in a matrix, m data
lines D1 to Dm and n gate lines Gl to Gn intersecting each
other and thin film transistors TFT provided at the
intersections, a data driver 24 for applying data signals
to the data lines D1 to Dm of the liquid crystal display
panel 22, a gate driver 26 for applying scanning signals
to the gate lines Gl to Gn, a gamma voltage supplier 28
for supplying the data driver 24 with gamma voltages, a
timing controller 30 for controlling the data driver 24. .

)rseen

and the gate driver 26 using a second synchronizing signal: .
from a picture quality enhancer 42, a DC/DC converter 34:".”
for generating voltages supplied to the 1liquid crystal .J,

display panel 22 using a voltage from a power supply 32,:4 .,

- e

an inverter 36 for driving a back light 38, and a picture

quality enhancer 42 for selectively emphasizing a contrastfz.g

of input data and for applying a brightness control signalf..:

Dimming corresponding to the input data to the inverter 36.

[0070] The system 40 applies first vertical/horizontal
signals Vsyncl and Hsyncl, a first clock signal DCLK1l, a
first data enable signal DE1 and first data Ri, Gi and Bi

to the picture quality enhancer 42.

[0071] The liquid crystal display panel 22 includes a
plurality of 1liquid crystal cells Clc arranged, in a
matrix, at the intersections between the data lines D1 to
Dm and the gate lines Gl to Gn. The thin film transistor
TFT provided at each liquid crystal cell Clc applies a
data signal from each data line D1 to Dm to the 1liquid
crystal cell Clc in response to a scanning signal from the

gate line G. Further, each liquid crystal cell Clc 1is

14



provided with a storage capacitor Cst. The storage
capacitor Cst is provided between a pixel electrode of the
liquid crystal cell Clc and a pre-stage gate line or
between the pixel electrode of the liquid crystal cell Clc
and a common electrode line, to thereby constantly keep a

voltage of the liquid crystal cell Clc.

[0072] The gamma voltage supplier 28 applies a

plurality of gamma voltages to the data driver 24.

[0073] The data driver 24 converts digital video data R,
G and B into analog gamma voltages (i.e., data signals)snvh
corresponding to gray levels in response to a controlz.n:.
signal €S from the timing controller 30, and applies the

analog gamma voltages to the data lines D1 to Dm. .

[0074] The gate driver 26 sequentially applies a

5084

® [ ]
scanning pulse to the gate lines Gl to Gn in response to a *°*’
¢ ea0
control signal CS from the timing controller 30 to therebyn'.:
select horizontal 1lines of the 1liquid crystal display

panel 22 supplied with the data signals.

[0075] The timing controller 30 generates the control
signals CS for controlling the gate driver 26 and the data
driver 24 using second vertical/horizontal synchronizing
signals Vsync2 and Hsync2 and a second clock signal DCLK2
inputted from the picture quality enhancer 42. The control
signal CS for controlling the gate driver 26 is comprised
of a gate start pulse GSP, a gate shift clock GSC and a
gate output enable signal GOE, etc. Further, the control
signal CS for controlling the data driver 24 is comprised
of a source start pulse SSP, a source shift clock SSC, a

source output enable signal SOE and a polarity signal POL,

15



etc. The timing controller 30 re-aligns second data Ro, Go
and Bo from the picture quality enhancer 42 to apply them
to the data driver 24.

[0076] The DC/DC converter 34 boosts or drops a voltage
of 3.3V inputted from the power supply 32 to generate a
voltage supplied to the liguid crystal display panel 22.
Such a DC/DC converter 14 generates a gamma reference
voltage, a gate high voltage VGH, a gate low voltage VGL

and a common voltage VCOM.

[0077] The inverter 36 applies a driving voltage (or
driving current) corresponding to the brightness control
signal Dimming from the picture gquality enhancer 42 to theE-n:-
back 1light 38. In other words, a driving voltage (or}...:.
driving current) applied from the inverter 36 to the back.
light 38 is determined by the brightness control signal 4‘
Dimming from the picture quality enhancer 42. The back5'°.:°
light 38 applies a 1light corresponding to the driving

voltage (or driving current) from the inverter 36 to the ssee’

liquid crystal display panel 22. oo’ o

[0078] The picture quality enhancer 42 extracts
brightness components using the first data Ri, Gi and Bi
from the system 40, and generates second data Ro, Go and
Bo obtained by a change in gray levels of the first data
Ri, Gi and Bi 1in correspondence with the extracted
brightness components. The picture quality enhancer 42
generates a brightness control signal Dimming
corresponding to the brightness components to apply it to
the inverter 36. Moreover, the picture quality enhancer 42
generates second vertical/horizontal synchronizing signals

Vsync2 and Hsync2, a second clock signal DCLK2 and a

16



second data enable signal DE2 synchronized with the second
data Ro, Go and Bo with the aid of the first
vertical/horizontal synchronizing signals Vsyncl and
Hsyncl, the first clock signal DCLK1l and the first data
enable signal DE1 inputted from the system 40.

[0079] To this end, as shown in Fig. 3, the picture
quality enhancer 42 includes a brightness/color separator
50 for separating the first data Ri, Gi and Bi into
brightness components Y and chrominance components U and V,
a modulator 62 for modulating the brightness components Y
such that the contrast is selectively emphasized to
generate modulated brightness components YM, and a
brightness/color mixer 54 for generating the second datagu.h

Ro, Go and Bo using the modulated brightness components YM?,..:.

and the chrominance components U and V.

[0080] The brightness/color separator 50 separates the§'°:°

first data Ri, Gi and Bi into brightness components Y and

chrominance components U and V. Herein, the brightness.'"'.

components Y and the chrominance components U and V are‘e.’ :

obtained by the following equations:

Y = 0.229 x Ri + 0.587 x Gi + 0.114 x Bi .o (1)

U= 0.493 x (Bi - Y) .. (2)

V = 0.887 x (Ri - Y) ... (3)
[0081] The modulator 62 analyzes the brightness
components Y, and generates modulated brightness

components YM having a selectively emphasized contrast

ratio using the analyzed brightness components YM. To this
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end, the modulator includes a brightness analyzer 56, a

region selector 58 and a data processor 60.

[0082] The brightness analyzer 56 divides the
brightness components Y into gray levels for each frame to
generate a histogram, and extracts information from the
generated histogram. To this end, as shown in Fig. 4, the
brightness analyzer 56 includes a histogram calculator 66,

a control value extractor 68, a first 1low brightness
selector 70, a first high brightness selector 72, a second

low brightness selector 74, a second high brightness
selector 76, an inverter controller 78 and a brightness
selector 80.

[0083] The histogram calculator 66 arranges the;,":,
brightness components Y for each frame to correspond to.

the gray levels to thereby obtain a histogram as shown in '?
Fig. 5. The shape of the histogram corresponds to thes’s s
brightness components Y of the first data Ri, Gi and Bi.

Experimentally, most histograms are arranged in a mountain eeee

shape having a high rising specific portion (such as a‘e.’ ¢

Gaussian shape).

[0084] The control value extractor 68 extracts a
control value from the histogram. The most-frequent wvalue
is extracted as the control value. The most-frequent value
is the gray level that has the most numerous brightness
value in the histogram. In one example, the control value
extractor 68 extracts ‘150’ as the most-frequent value from

the histogram shown in Fig. 5 (not quite drawn to scale).

[0085] The first low brightness selector 70 extracts a

first low brightness Y21 from the histogram. The first low

18



brightness Y21 is set to the gray level in which the
number of brightnesses first exceeds 5% to 10% of the
number of brightnesses of the most-frequent wvalue in the

histogram. In Fig. 5, the first low brightness Y21 has

been selected as exceeding 5%, a gray level of ‘92’.

[0086] The first high brightness selector 72 extracts a
first high brightness Y22 from the histogram. Similar to
the above, the first high brightness Y22 is set to the
gray 1level 1in which the number of brightnesses last
exceeds 5% of the number of brightnesses of the most-
frequent value in the histogram. In Fig. 5, the first high

brightness Y22 has been selected as exceeding 5%, a gray

level of ‘221°. :ooao.

[0087] The second low brightness selector 74 extracts a
second low brightness Y11 from the histogram. The second °*

low brightness Y11l is set to the gray level in which thes ‘ss
number of brightnesses first exceeds 1% to 4.9% of the......
number of brightnesses of the most-frequent value in the

histogram. In Fig. 5, the second low brightness Y11 has

been selected as exceeding 3%, a gray level of ‘15’°.

[0088] The second high brightness selector 76 extracts
a second high brightness Y12 from the histogram. The
second high brightness Y12 is set to the gray level in
which the number of brightnesses last exceeds 1% to 4.9%
of the number of brightnesses of the most-frequent value
in the histogram. In Fig. 5, the second high brightness

Y12 has been selected as exceeding 3%, a gray level of

‘240°.

[0089] Gray levels having the first low brightness Y21,
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the first high brightness Y22, the second low brightness
Y1ll, and the second high brightness Y12 outputted from the
first low Dbrightness selector 70, the first high
brightness selector 72, the second low brightness selector
74 and the second high Dbrightness selector 76,
respectively, are determined to be specific values in the
histogram (as shown, the ordinate of the histogram). The
first low brightness Y21, the first high brightness Y22,
the second 1low brightness Y11, and the second high
brightness Y12 are brightness values in the histogram (as

shown, the abscissa of the histogram) .

[0090] The inverter controller 78 generates a
brightness control signal Dimming in correspondence withiueh
[

the most-frequent value from the control value exXtractor Se.ese
»

68, and applies the generated brightness control signal

Dimming to the inverter 36. At this time, the inverter °?
controller 78 generates the brightness control signalf'z:'
Dimming such that light having brightness proportional to vese

the most-frequent value can be applied to the liquid.'"‘.

crystal display panel 22. s o

[0091] The brightness selector 80 selectively outputs
two gray levels selected from the first low brightness Y21,
the first high brightness Y22, the second low brightness
Y1l, and the second high brightness Y12 outputted from the
first low brightness selector 70, the first high
brightness selector 72, the second low brightness selector
74 and the second high brightness selector 76,
respectively, corresponding to the control value applied
thereto. The brightness selector 80 divides the histogram
into a plurality of fixed predetermined regions (e.g., O-
63, 64-127, 128-191 and 192-255) as shown in Fig. 5, and
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determines gray levels outputted corresponding to an area
to which the control value belongs in the divided regions
(herein referred to as the control area). Selection of the
two gray levels will be described in detail during

discussion of the region selector 58 below.

[0092] The region selector 58 divides the histogram
into four regions in response to the two gray levels from
the brightness selector 80 and the control wvalue. To this
end, as shown in Fig. 6, the region selector 58 contains a
first region selector 82, a second region selector 84, a

third region selector 86 and a fourth region selector 88.

[0093] An operation procedure of the region selector 58§ou:o
and the brightness selector 80 will be described withs.u:.
reference to Fig. 7 through Fig. 10.

LA Xod
[ ]

[0094] Firstly, if the histogram is as shown in Fig. 7,2‘3:'
then the brightness selector 80 checks the control area of

the fixed predetermined regions (e.g., 0-63, 64-127, 128—.2‘:1
191 and 192-255). In Fig. 7, since the control value (the‘es’ ¢
most-frequent wvalue) belongs to the first region, the
brightness selector 80 outputs the first high brightness
Y22 and the second high brightness Y12. In other words,
the brightness selector 80 selects a brightness wvalue

outputted in accordance with the control area.

[0095] The first high brightness Y22 and the second
high brightness Y12 outputted from the brightness selector
80 are applied to at least one of the second and fourth
region selectors 84 and 88. Further, the control wvalue
outputted from the brightness selector 80 is applied to
the first to fourth selectors 82, 84, 86 and 88.
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[0096] The first region selector 82 supplied with the
control value (belonging to the first region) selects gray
levels of ‘0’ to ‘63’ as the first region. The second region
selector 84 supplied with the control value and the first
high brightness Y22 selects gray levels of ‘64’ to ‘Y22-1’
as the second region. The third region selector 86
supplied with the control value, the first high brightness
Y22 and the second high brightness Y12 selects gray levels
of ‘Y22’ to ‘Y12-1’ as the third region. The fourth region
selector 88 supplied with the control value and the second
high brightness Y12 selects gray levels of ‘Y12’ to ‘255’ as
the fourth region. In other words, when the control wvalue

belongs to the fixed first region, the region selector 58

divides the histogram into four regions of ‘0-63°, ’64-s s
(Y22-1)°, ‘¥22-(Y12-1)’ and ‘Y12-255" as shown in Fig. 7.
[0097] Accordingly, the present embodiment extracts thef.g:°

control area using the fixed regions and re-divides the

histogram into a plurality of regions that may be

different dependent on the control area, thereby "’

adaptively dividing the histogram in correspondence with

the control area.

[0098] The divided region information from the region
selector 58 is applied to the data processor 60. Further,
the data processor receives the control value from the
brightness selector 80. The data processor 60 supplied
with the divided region information and the control value
generates modulated brightness components YM having a
selectively expanded contrast ratio using slope

information stored in advance therein. The data processor
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60 generates modulated brightness components YM using the
curve shown in Fig. 11 when the control wvalue belongs to

the first region.

[0099] More sgspecifically, the data processor 60, having
received the divided region information from the region
selector 58, divides the gray levels of the histogram to
correspond to the region information. As shown, the data
processor 60 divides the histogram into four regions of
‘0-63°, ’64-(Y22-1)’, ‘Y22-(Y12-1)’ and ‘Y12-255’ as shown in
Fig. 11. Thereafter, the data processor 60 re-arranges the
brightness components Y using a large slope in a region in
which the probability of data existing is high while re-
arranging the data using a small slope in a region in
which the probability of data existing is low. As shown,
the data processor 60 re-arranges the gray levels using a
large slope in the first region while re-arranging the
gray levels using a smaller slope than the first region in
the second region. Further, the data processor 60 re-
arranges the gray levels wusing curves having smaller
slopes than the second region in the third and fourth
regions. Consequently, the data processor 60 re-arranges
the brightness components Y using curves having slopes of
magnitudes such that first region > second region > third
region > fourth region, to thereby generate the modulated

brightness components YM.

[00100] As described above, the present embodiment re-
arranges the brightness components Y using curves having
slopes of increasing magnitude in regions of increasing
amounts of data, thereby selectively emphasizing a
contrast ratio. In other words, when the control value is

positioned at the first region, the number of brightness
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components included in the histogram is experimentally
determined as being first region > second region > third
region > fourth region. Accordingly, the present
embodiment enlarges the range of gray levels using a large
sloped curve in a region having a large amount of data

(for example, if gray levels in the first region set to
‘0-63’ are re-arranged, then the gray levels are enlarged

to ‘0-80°), thereby selectively emphasizing the contrast

ratio and thus displaying a vivid image.

[00101] In another example, 1if the histogram has the
shapes as shown 1in Fig. 8A and Fig. 8B, then the
brightness selector 80 checks the control area of fixed

predetermined regions. In Fig. 8A and Fig. 8B, since the

. L[]
(XX X R X ]

control value belongs to the second region, the brightness*
[ ] [ ]
[ XXX N X J

selector 80 outputs a first brightness pair (i.e., thes
first low brightness Y21 and the first high brightness .2,

Y22) or a second brightness pair (i.e., the second low,,.,
.

brightness Y11l and the second high brightness Y12).

[ XX X )

[00102] The first or second brightness pair signal_« se¢
outputted from the brightness selector 80 are applied to e
the first to fourth region selectors 82 to 88. Herein,
each of the first to fourth region selectors 82 to 88 is
supplied with a control value outputted from the control

value extractor 68.

[00103] The first region selector 82 supplied with a

control wvalue and the second low brightness Y11l or the
first low brightness Y21 selects gray levels of ‘0’ to
‘¥11-1’ or ‘0’ to ‘Y21-1" as the first region. The second
region selector 84 supplied with the control wvalue and the

second low brightness Y1l or the first low brightness Y21
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selects gray levels of ‘Y11’ to ‘127’ or ‘Y21’ to ‘127’ as
the second region. The third region selector 86 supplied
with the control value and the second high brightness Y12
or the first high brightness Y22 selects gray levels of
‘128’ to ‘Y12-1" or ‘128’ to ‘Y22-1’ as the third region. The
fourth region selector 88 supplied with the control value
and the second high brightness Y12 or the first high
brightness Y22 selects gray levels of ‘Y12’ to ‘255’ or ‘Y22’
to ‘255’ as the fourth region. In other words, when a
control value belongs to the fixed second region, the

region selector 58 divides the histogram into four regions

of ‘0-(¥Y11-1)’, °’Y11-127°, ‘128-(Y12-1)’ and ‘Y12-255" as
shown in Fig. 8A, or four regions of ‘0-(Y21-1)’, ’Y21-127’,
‘128-(¥22-1)’ and ‘Y22-255" as shown in Fig. 8B.
[00104] As above, the present embodiment thus extracts

the control area using the fixed regions and re-divides "«

the histogram into a plurality of regions corresponding to! ‘..

the control area, thereby adaptively dividing the

[N X ]
L )

histogram in correspondence with the control area. :"L
L] L I
(X ) [

[00105] As before, the divided region information from
the region selector 58 is applied to the data processor 60.
Further, the data processor 60 receives the control value
from the brightness selector 80. The data processor 60
supplied with the divided region information and the
control value generates modulated brightness components YM
having a selectively expanded contrast ratio using slope
information stored in advance therein. The data processor
60 generates modulated brightness components YM using
curves having slopes as shown in Fig. 12A and Fig. 12B

when the control value belongs to the second region.
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[00106] More specifically, the data processor 60, having
received the divided region information from the region
selector 58, divides gray levels of the histogram to
correspond to region information applied thereto. In other
words, the data processor 60 divides the histogram into
four regions as shown in Fig. 12A and Fig. 12B. Thereafter,
the data processor 60 re-arranges brightness components Y
using a large slope in a region having a large number of
brightness components Y while re-arranging the data using
a small slope in a region having a small number of

brightness components Y.

[00107] In other words, the data processor 60 re-
. »
arranges the gray levels using a curve with a large slopes®®***

L ] ]
in the second region to which the control wvalue belongsg®*****

while re-arranging the gray levels using a curve having a

smaller slope than the second region in the third region..'
Further, the data processor 60 re-arranges gray levelse ‘o’

using curves having smaller slopes than the third region:-u.

[ X KW

in the first and fourth regions. Consequently, the data . ,,.
[ ] ¢

processor 60 re-arranges the brightness components Y using *°
curves having slopes with magnitudes in which second
region > third region > first region > fourth region, to

thereby generate the modulated brightness components YM.

[00108] As described above, the present embodiment re-
arranges brightness components Y wusing curves having
increased slope in regions with increasing amounts of data
as shown in Fig. 8A and Fig. 8B, thereby selectively
emphasizing the contrast ratio and permitting display of a

vivid image on the liquid crystal display panel 22.
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[00109] In yet another example, if the histogram has the
shapes shown in Fig. 9A and Fig. 9B, then the brightness
selector 80 checks the control area of predetermined fixed
regions. In Fig. 9A and Fig. 9B, since the control value
belongs to the third region, the brightness selector 80
outputs the first brightness pair or the second brightness

pair.

[00110] The first or second brightness pair signal
outputted from the brightness selector 80 are applied to
the first to fourth region selectors 82 to 88. Each of the
first to fourth region selectors 82 to 88 is supplied with
a control value outputted from the control value extractor

68.

[00111] Similar to the previous example shown in Figs.
8A and 8B, the first region selector 82 supplied with the
control value and the second low brightness Y11l or the
first low brightness Y21 selects gray 1levels of ‘0’ to
‘Y11-1° or ‘0’ to ‘Y21-1" as the first region. The second
region selector 84 supplied with the control wvalue and the
second low brightness Y11l or the first low brightness Y21
selects gray levels of ‘Y11’ to ‘127’ or ‘Y21’ to ‘127’ as
the second region. The third region selector 86 supplied
with the control value and the second high brightness Y12
or the first high brightness Y22 selects gray levels of
‘128’ to ‘Y12-1’ or ‘128’ to ‘Y22-1’ as the third region. The
fourth region selector 88 supplied with the control wvalue
and the second high brightness Y12 or the first high
brightness Y22 selects gray levels of ‘Y12’ to ‘255’ or ‘Y22’
to ‘255’ as the fourth region. Thus, when the control wvalue

belongs to the fixed third region, the region selector 58
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divides the histogram into four regions of ‘0-Y11-1’, ’Y11-
127°, ‘128-Y12-1" and ‘Y12-255" as shown in Fig. 9A, or four
regions of ‘0-Y21-1°, ’Y21-127’, ‘128-Y22-1" and ‘Y22-255’ as

shown in Fig. 9B.

[00112] Accordingly, the present embodiment extracts the
control area using the fixed region and re-divides the
histogram into a plurality of regions in correspondence
with the control area, thereby adaptively dividing the

histogram in correspondence with the control area.

[00113] The divided region information £from the region
selector 58 is applied to the data processor 60. Further,
the data processor 60 receives the control value from thes'":°
brightness selector 80. The data processor 60 suppliedg.u:.

with the divided region information and the control value

generates modulated brightness components YM having a

selectively expanded contrast ratio using slope: ‘..

information stored in advance therein. The data processor

[ X N J
.

60 generates modulated brightness components YM using o

curves having slopes as shown in Fig. 13A and Fig. 13B ee ¢

when the control value belongs to the third region.

[00114] More specifically, the data processor 60 having
received the divided region information from the region
selector 58 divides the gray levels of the histogram to
correspond to region information applied thereto. In other
words, the data processor 60 divides the histogram into
four regions as shown in Fig. 13A and Fig. 13B. Thereafter,
the data processor 60 re-arranges the brightness
components Y using a large slope in a region having a
large amount of data while re-arranging the data using a

small slope of curve in a region having a small amount of
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data.

[00115] In other words, the data processor 60 re-
arranges the gray levels using a large slope in the third
region to which the control value belongs while re-
arranging the gray levels using a curve having a lower
slope than the third region in the second region. Further,
the data processor 60 re-arranges gray levels using curves
having lower slopes than the second region in the first
and fourth regions. Consequently, the data processor 60
re-arranges brightness components Y wusing curves having
slopes in which the magnitude is third region > second
region > first region > fourth region, to thereby generate

modulated brightness components YM.

[00116] As described above, the present embodiment re-
arranges Dbrightness components Y wusing a curve of
increasing slope in regions of increasing amounts of data,

as shown in Fig. 9A and Fig. 9B, thereby selectively

emphasizing the contrast ratio and permitting display of a°*

vivid image on the liquid crystal display panel 22.

[00117] In another example, if the histogram has the
shape shown in Fig. 10, then the brightness selector 80
checks the control area. In Fig. 10, since the control
value belongs to the fourth 1region, the brightness
selector 80 outputs the first low brightness Y21 and the

second low brightness Y11.

[00118] The first low brightness Y21 and the second low
brightness Y11 outputted from the brightness selector 80
are applied to the first to third region selectors 82 to

86. Each of the first to fourth region selectors 82 to 88
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is supplied with the control value outputted from the

control value extractor 68.

[00119] The first region selector 82 supplied with the
control wvalue and the second low brightness Y11l selects
gray levels of ‘0’ to ‘Y11-1" as the first region. The
second region selector 84 supplied with the control value,
the second low brightness Y11 and the first low brightness
Y21 selects gray levels of ‘Y11’ to ‘Y21-1’ as the second
region. The third region selector 86 supplied with the
control value and the first low brightness Y21 selects
gray levels of ‘Y21’ to ‘191’ as the third region. The
fourth region selector 88 supplied with the control value
selects gray levels of ‘192’ to ‘255’ as the fourth region.
In other words, when the control value belongs to the
fixed fourth region, the region selector 58 divides the
histogram into four regions of ‘0-(Y11-1)’, ‘Y11-(Y21-1)’,

‘Y21-191" and ‘192-255" as shown in Fig. 10.

[00120] Accordingly, the present embodiment extracts the
control using the fixed region and re-divides the
histogram into a plurality of regions corresponding to the
control area, thereby adaptively dividing the histogram in

correspondence with the control area.

[00121] The divided region information from the region
selector 58 is applied to the data processor 60. Further,
the data processor receives the control value from the
brightness selector 80. The data processor 60 supplied
with the divided region information and the control value
generates modulated brightness components YM having a

selectively expanded contrast ratio using slope
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information stored in advance therein. The data processor
60 generates modulated brightness components YM using a
slope curve as shown in Fig. 14 when the control wvalue

belongs to the fourth region.

[00122] More specifically, the data processor 60, having
received the divided region information from the region
selector 58, divides gray levels of the histogram to
correspond to region information applied thereto. The data
processor 60 divides the histogram into four regions as
shown in Fig. 14. Thereafter, the data processor 60 re-
arranges the brightness components Y using a large slope
in a region having a 1large amount of data while re-
arranging the data using a small slope in a region having

a small amount of data.

[00123] In other words, the data processor 60 re-

arranges gray levels using a large slope in the fourthee

region to which the control value belongs while re-
arranging gray levels using a curve having a smaller slope
than the fourth region in the third region. Further, the
data processor 60 re-arranges dgray levels using curves
having smaller slopes than the third region in the first
and second regions. Consequently, the data processor 60
re-arranges brightness components Y using curves having
slopes of magnitude fourth region > third region > first
region > second region, to thereby generate the modulated

brightness components YM.

[00124] As described above, the present embodiment re-
arranges Dbrightness components Y wusing curves having
increasing slope in regions with increasing amounts of

data as shown in Fig. 10, thereby selectively emphasizing
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the contrast ratio and permitting display of a vivid image

on the liquid crystal display panel 22.

[00125] The present embodiment outputs unmodulated data
when a picture of a single color, such as full black or
full white, etc. is displayed. If such data is modulated
to enlarge the contrast ratio, accurate display of a black
or white picture may not occur on the 1liquid crystal
display panel 22 (for instance, a gray color may not be
displayed). Such a picture is checked by the brightness

selector 80.

[00126] More specifically, when a full black or full
white picture is displayed, a histogram calculated by the:.":.
histogram calculator 66 is shown in Fig. 15A and Fig. 15B.: .
In other words, when a full black or full white picture is:‘“..
displayed, a major part of brightness components emerge .5.

biased toward the left side (black) or the right (white) e, *

gside of the histogram and result in a narrow distribution.
Thus, the first brightness pair or the second brightness°::?

pair are adjacent to each other, i.e. in the same region. o«
[00127] In other words, the first brightness pair (or
the second brightness pair) are adjacent to each other and
have the desired gray level therebetween. The brightness
selector 80 determines the currently displayed picture to
be a full black or full white picture when the first
brightness pair (or the second brightness pair) is
adjacent to each other and have the desired gray level
therebetween, to thereby apply a control signal to the
data processor 60. The data processor 60 having received
the control signal from the brightness selector 80 applies

the brightness components Y supplied thereto to the
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brightness/color mixer 54 without any modulation.

[00128] The delay 52 delays chrominance components U and
V until the modulated brightness components YM or the
brightness components Y 1is outputted from the data
processor 58. Then, the delay 52 applies the delayed
chrominance components UD and VD synchronized with the
modulated brightness components YM or the brightness

components Y to the brightness/color mixer 54.

[00129] The brightness/color mixer 54 generates second
data Ro, Go and Bo with the aid of the modulated

brightness components YM (or brightness components Y) and

the delayed chrominance components UD and VD. Herein, the.

[ AR XXX J

second data Ro, Go and Bo is obtained by the following:

equations:
Ro = YM + 0.000 x UD + 1.140 x VD ce. (4) a2 e,
Go = YM - 0.396 x UD - 0.581 x VD c.. (5) el
SR
BO = YM + 2.029 x UD + 0.000 x VD ... (8)
[00130] The second data Ro, Go and Bo produced from the

modulated brightness components YM have a more selectively
emphasized contrast ratio than the first data Ri, Gi and
Bi, and thus a vivid image is displayed. On the other hand,
the second data Ro, Go and Bo produced from the brightness
components Y has the same contrast ratio as the first data

Ri, Gi and Bi.

[00131] The controller 64 receives the first

vertical/horizontal synchronizing signals Vsyncl and
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Hsyncl, the first clock signal DCLK1 and the first data
enable signal DEl1 from the system 40. Further, the
controller 64 generates the second vertical/horizontal
synchronizing signals Vsync2 and Hsync2, the second clock
signal DCLK2 and the second data enable signal DE2 in such
a manner to be synchronized with the second data Ro, Go

and Bo, and applies them to the timing controller 30.

[00132] In summary, an area to which the most-frequent
value belongs is extracted from the histogram (the control
area), and the histogram is divided into a plurality of
regions in correspondence with the extracted most-frequent
value. Furthermore, the brightness components are re-
arranged with the aid of a curve having a specific slopes o

in the divided regions, so that the contrast can be: R

selectively expanded to thereby display a vivid image. "’

More specifically, the brightness components are re- .:.

arranged with using slopes of increasing magnitude inge, »,
regions of increasing numbers of brightness components.
Moreover, the brightness of the back light is controlled°x:P

dependent upon the control value, thereby permittings «'¢

display of a vivid image having an expanded contrast.

[00133] Although the present invention has been
explained by the embodiments shown in the drawings
described above, it should be understood to the ordinary
skilled person in the art that the invention is not
limited to the embodiments, but rather that wvarious
changes or modifications thereof are possible without
departing from the spirit of the invention. Accordingly,
the scope of the invention shall be determined only by the

appended claims and their equivalents.
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What is claimed is:

1. A method of driving a 1liquid crystal display,
comprising:

(A) converting first data into brightness components
and chrominance components;

(B) modulating the brightness components such that a
contrast ratio thereof is selectively emphasized to
thereby generate modulated brightness components, the
modulating including: arranging the brightness components
into gray levels for each frame to generate a histogram,
extracting a control value from the histogram, dividing

the histogram into a plurality of fixed regions including

a control region to which the control value belongs, re-»

L] L ]
covese

setting the regions of the histogram corresponding to the’
control region, and generating the modulated brightness
components using a curve having slopes that are different
in the re-set histogram regions; and

(C) generating second data having a selectively eess,

30 .

emphasized contrast ratio using the modulated brightness « «..
[ ] @ @
-s L4

components and the chrominance components.

2. The method of claim 1, further comprising converting a
synchronizing signal in synchronization with the first

data to be synchronized with the second data.
3. The method of claim 1, further comprising controlling
brightness of a back light to be in proportion to a gray

level of the control value.

4. The method of claim 1, further comprising delaying the

chrominance components until the modulated brightness
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components are generated.

5. The method of claim 1, wherein the control wvalue is
selected to be a gray level value existing most frequently

in the histogram.

6. The method of claim 1, further comprising dividing the
histogram into four regions of the same range: a first
region, a second region, a third region and a fourth
region and determining the control region as one of the

divided four regions.

7. The method of claim 6, further comprising re-setting
the regions of the histogram using two extracted:

[
socee

brightnesses, and extracting the extracted brightnesses in, .

response to the control value comprises two of: sreret
extracting a first low brightness as a first gray .Ef

level of the histogram having a brightness that exceeds a;’.‘,

[ X )
first reference value;

extracting a first high brightness as a last gray®ecees’
level of the histogram having a frequency that exceeds thes| :°:
first reference;

extracting a second low brightness as a first gray
level of the histogram having a frequency that exceeds a
second reference; and

extracting a second high brightness as a last gray
level of the histogram having a fregquency that exceeds the

second reference.
8. The method of claim 7, wherein the first reference 1is

a frequency that is 5% to 10% of a maximum frequency in

the histogram.
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9. The method of claim 8, wherein the second reference is
a frequency that is 1% to 4.9% of the maximum frequency in

the histogram.

10. The method of claim 9, wherein the gray levels

increase from the first region to the fourth region.

11. The method of claim 9, further comprising determining
that the control value is in the first region, extracting
the first and second high brightness, and re-arranging the
regions of the histogram using the extracted first and

second high brightness.

12. The method of claim 9, further comprising determining
that the control value is in the second region or the
third region, extracting the second low brightness and the
second high brightness or the first low brightness and the
first high brightness and re-arranging the regions of the
histogram using the extracted second low brightness and

the extracted second high brightness or the extracted

first 1low Dbrightness and the extracted first high-=*,,*:

brightness.

13. The method of claim 9, further comprising determining
that the control value is in the fourth region, extracting
the first and second low brightness and re-arranging the
regions of the histogram using the extracted first and

second low brightness.

14. The method of claim 11, further comprising generating
the modulated brightness components using a curve having
slopes proportional to amounts of data in the regions

after re-arranging the regions of the histogram.
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15. The method of claim 12, further comprising generating
the modulated brightness components using a curve having
slopes proportional to amounts of data in the regions

after re-arranging the regions of the histogram.

16. The method of claim 13, further comprising generating
the modulated brightness components using a curve having
slopes proportional to amounts of data in the regions

after re-arranging the regions of the histogram.

17. The method of claim 14, further comprising generating
the modulated brightness components using a curve having a

largest slope in the control region.

18. The method of claim 15, further comprising generating
the modulated brightness components using a curve having a

largest slope in the control region.

19. The method of claim 16, further comprising generating °*

the modulated brightness components using a curve having a

largest slope in the control region.

© 20. The method of claim 9, further comprising:

determining positions of the first low brightness and
the first high brightness; and

generating the second data from non-modulated
brightness components and chrominance components when the

first low brightness and the first high brightness are in

the same region and have a desired gray level therebetween.

21. The method of claim 9, further comprising:

determining positions of the second low brightness
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and the second high brightness; and

generating the second data from non-modulated
brightness components and chrominance components when the
second low brightness and the second high brightness are
in the same region and have a desired gray level

therebetween.

22. A driving apparatus for a liquid crystal display,
comprising:

a brightness/color separator for converting first
data into brightness components and chrominance
components;

a modulator for modulating the brightness components
such that a contrast ratio is selectively emphasized to
thereby generate modulated brightness components, the
modulator containing: a brightness analyzer for arranging
the brightness components into gray levels for each frame
to generate a histogram and for extracting a control value
from the histogram, a moving region selector for dividing
the histogram into a plurality of moving regions in
response to the control value, and a data controller for
generating the modulated brightness components using a
curve having different slopes in the different moving
regions; and

a brightness/color mixer for generating second data
having a selectively emphasized contrast ratio using the
modulated Dbrightness components and the chrominance

components.

23. The driving apparatus of claim 22, further comprising
a controller for converting a synchronizing signal in
synchronization with the first data to be synchronized

with the second data.
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24. The driving apparatus of claim 22, further comprising
an inverter controller for controlling brightness of a
back light in correspondence with a gray level value of

the control value.

25. The driving apparatus of claim 22, further comprising
delay means for delaying the chrominance components until

the modulated brightness components are generated.

26. The driving apparatus of claim 22, wherein the
brightness analyzer comprises:

a histogram calculator for arranging the brightness
components into gray levels for each frame to generate a
histogram;

a control value extractor for extracting the control
value from the histogram; and

a brightness selector for dividing the histogram into
a plurality of fixed regions and determining a control

region to which the control value belongs.

27. The driving apparatus of claim 26, wherein the
brightness selector divides the histogram into a first
region, a second region, a third region and a fourth
region such that each histogram can be divided into the
same fixed region, and determines the control region from

the divided four regions.

28. The driving apparatus of claim 27, wherein the
brightness analyzer includes:

a first low Dbrightness extractor for extracting a
first low brightness as a first gray level of the

histogram having a frequency that exceeds a first
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reference;

a first high brightness extractor for extracting a
first high brightness as a last -gray level of the
histogram having a frequency that exceeds the first
reference;

a second low brightness extractor for extracting a
second low brightness as a first gray level of the
histogram having a frequency that -exceeds a second
reference; and

a second high brightness extractor for extracting a
second high brightness as a last gray 1level of the
histogram having a frequency that exceeds the second
reference,

wherein the brightness selector applies at least two
brightnesses, of the first low brightness, the first high
brightness, the second low brightness and the second high
brightness, in correspondence with an area to which the

control value belongs to the moving region selector.

29. The driving apparatus of claim 28, wherein the first
reference is a frequency that is 5% to 10% of a maximum

frequency in the histogram.
30. The driving apparatus of claim 29, wherein the second
reference is a frequency that is 1% to 4.9% of the maximum

frequency in the histogram.

31. The driving apparatus of claim 28, wherein the gray

levels increase from the first region to the fourth region.

32. The driving apparatus of claim 30, wherein, when the
control value is in the first region, the brightness

selector extracts the first and second high brightness,
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and the moving region selector sets moving regions of the
histogram using the extracted first and second high

brightness.

33. The driving apparatus of claim 30, wherein, when the
control value is in the second region or the third region,
the brightness selector extracts the second low brightness
and the second high brightness or the first low brightness
and the first high brightness, and the moving region
selector sets moving regions of the histogram using the
extracted second low brightness and the extracted second
high brightness or the extracted first low brightness and

the extracted first high brightness.

34. The driving apparatus of claim 30, wherein, when the
control value is in the fourth region, the brightness
selector extracts the first and second low brightness, and
the moving region selector re-arranges the regions of the
histogram using the extracted first and second low

brightness.

35. The driving apparatus of claim 32, wherein, after the
regions of the histogram are re-arranged, the data
processor generates the modulated brightness components
using a curve having slopes proportional to amounts of

data in the regions.

36. The driving apparatus of claim 33, wherein, after the
regions of the histogram are re-arranged, the data
processor generates the modulated brightness components
using curves having slopes proportional to amounts of data

in the regions.
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37. The driving apparatus of claim 34, wherein, after the
regions of the histogram are re-arranged, the data
processor generates the modulated brightness components
using curves having slopes proportional to amounts of data

in the regions.

38. The driving apparatus of claim 35, wherein the
modulated brightness components are generated using a

curve having a largest slope in the control region.

39. The driving apparatus of claim 36, wherein the
modulated brightness components are generated wusing a

curve having a largest slope in the control region.

40. The driving apparatus of claim 34, wherein the
modulated brightness components are generated using a

curve having a largest slope in the control region.

41. The driving apparatus of claim 27, wherein the
brightness selector applies a control signal to the data
processor when the first low brightness and the first high
prightness are in the same region and have a desired gray
level therebetween, and the data processor generates the
second data from non-modulated brightness components and

chrominance components.

42. The driving apparatus of claim 27, wherein the
brightness selector applies a control signal to the data
processor when the second low brightness and the second
high brightness are in the same region and have a desired
gray level therebetween, and the data processor generates
the second data from non-modulated brightness components

and chrominance components.
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43, A method of driving a frame of a liquid crystal
display, comprising:

arranging brightness components into gray levels to
generate a histogram having first regions;

extracting a control value from a control region of
the histogram;

adjusting, dependent upon the control value, ranges
of the first regions of the histogram to form second
regions;

generating modulated brightness components using a
curve having slopes that depend on the brightness values

in the second regions.

44. The method of claim 43, further comprising setting

the first regions to be the same from frame to frame.

45. The method of claim 43, further comprising setting

each of the first regions to have the same range.

46. The method of claim 43, further comprising adjusting
the ranges of the first regions dependent on a frequency
of a particular gray level and the first region in which

the particular gray level is disposed.
47. The method of claim 46, further comprising selecting
the particular gray level to be a gray level having a

maximum frequency in the histogram.

48. The method of claim 47, further comprising setting

the control value to be the particular gray level.

49. The method of claim 46, further comprising adjusting
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the ranges of the first regions using a first gray level
that has a first percentage of the frequency of the
particular gray level and a second gray level that has a
second percentage of the frequency of the particular gray

level.

50. The method of claim 49, further comprising setting

the first and second percentages to be equal.

51. The method of claim 50, further comprising setting
the first and second gray levels to be minimum and maximum

gray levels that have the first and second percentages.

52. The method of claim 49, further comprising setting

the first and second percentages to be different.

53. The method of claim 52, further comprising setting
the first and second gray levels to be minimum or maximum

gray levels that have the first and second percentages.

54. The method of claim 43, further comprising generating
the modulated brightness components using a curve having

slopes dependent on amounts of data in the second regions.

55. The method of claim 49, further comprising preventing
the modulated brightness components from being different
than the brightness components when the first and second

gray levels are in the same region.
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