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APPARATUS AND METHOD OF DRIVING
LIQUID CRYSTAL DISPLAY DEVICE

This application claims the benefit of the Korean Patent
Application Nos. P2005-58622 filed on Jun. 30, 2005, and
P2005-129632 filed Dec. 26, 2005, which are hereby incor-
porated by reference as if fully set forth herein.

BACKGROUND

1. Technical Field

The technical field relates to a liquid crystal display (LCD)
device, and more particularly, to a driving apparatus and
method of an LCD device to improve brightness and contrast
ratio of image.

2. Discussion of the Related Art

AnLCD device displays images by controlling light trans-
mittance of liquid crystal cells according to video signals. The
LCD device may be formed in an active matrix type which
may include switching devices in the liquid crystal cells. The
LCD device may be used for monitors of a computer, office
equipment, a cellular phone, and other electronic devices.
The switching devices used for the LCD device of the active
matrix type may be formed of thin film transistors (hereinaf-
ter, referred to as “TFTs”).

FIG. 1is a block diagram of a driving apparatus of an LCD
device according to the related art. Referring to FIG. 1, the
driving apparatus of the LCD device according to the related
art may include an LCD panel 2, a data driver 4, a gate driver
6, a gamma voltage supplier 8, a timing controller 10, a
DC/DC converter 14, and an inverter 16.

Inthe LCD panel 2, ‘mxn’liquid crystal cells (where m and
nare natural numbers) (Clc) are arranged in a matrix type, and
a plurality of TFTs may be formed adjacent to crossings of
gate and data lines. Also, the data driver 4 supplies a data
signal to the data lines (DL1 to DLm), and the gate driver 6
supplies a scan signal to the gate lines (GL1to GLn). Also, the
gamma voltage supplier 8 supplies a gamma voltage to the
data driver 4. The timing controller 10 controls the data driver
4 and the gate driver 6 with synchronization signals provided
from a system 20. Also, the DC/DC converter 14 generates
voltages for the LCD panel 2 with voltages provided from a
power supplier 12. The inverter 16 drives a backlight 18.

The system 20 supplies horizontally and vertically syn-
chronized signals (Hsync and Vsync), a clock signal (DCLK),
a data enable signal (DE), and data (R, G, B signal compo-
nents) to the timing controller 10. The LCD panel 2 may
include the plurality of liquid crystal cells (Clc) arranged in
the matrix type and formed adjacent to the crossings of the
gatelines (GL1 to GLn) and the data lines (DL1 to DLm). The
plurality of TFTs formed in the respective liquid crystal cells
(Cle) respond to the scan signal provided from the gate lines
(GL), and supply the data signal provided from the data lines
(DL) to the liquid crystal cells (Clc). Also, a storage capacitor
(Cst) may be formed in each of the liquid crystal cells (Clc).
The storage capacitor (Cst) may be formed between the pre-
ceding gate line and a pixel electrode of the liquid crystal cell
(Clc), or may be formed between a common electrode line
and the pixel electrode of the liquid crystal cell (Clc), to
maintain a constant voltage in the liquid crystal cell (Clc).

The gamma voltage supplier 8 supplies a plurality of the
gamma voltages to the data driver 4. The data driver 4
responds to a control signal (CS) provided from the timing
controller 10, converts data (R,G, B signal components) to an
analog gamma voltage (data signal) corresponding to a gray
scale value, and supplies the analog gamma voltage to the
data lines (DL1 to DLm). Also, the gate driver 6 responds to
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the control signal (CS) provided from the timing controller
10, sequentially supplies the scan signal to the gate lines (GL1
to GLn), and selects a horizontal line of the LCD panel 2 to
which the data signal is supplied.

The timing controller 10 generates the control signals (CS)
for controlling the gate driver 6 and the data driver 4 using the
horizontally and vertically synchronized signals (Hsync and
Vsyne), and the clock signal (DCLK). Atthis time, the control
signal (CS) for controlling the gate driver 6 may include a gate
start-pulse (GSP), a gate shift clock (GSC), and a gate output
enable (GOE). Also, the control signal (CS) for controlling
the data driver 4 may include a source start pulse (SSP), a
source shift clock (SSC), a source output enable (SOE), and a
polarity signal (POL). The timing controller 10 re-arranges
the data (R, G, B) provided from the system 20, and then
supplies the re-arranged data (R, G, B) to the data driver 4.

The DC/DC converter 14 generates the voltage provided to
the LCD panel 2 by increasing or decreasing a 3.3V provided
from the power supplier 12. The DC/DC converter 14 genet-
ates a gamma reference voltage, a gate high voltage (VGH), a
gate low voltage (VGL), and a common voltage (Vcom).
Also, the inverter 16 supplies a lamp driving voltage for
driving the backlight 18 to the LCD panel 2. The backlight 18
generates the light corresponding to the lamp driving voltage
supplied from the inverter 16, and supplies the generated light
to the LCD panel 2.

To obtain vivid images by improving picture quality of the
images displayed in the above LCD panel 2, it is necessary to
improve the contrast ratio between dark and bright images. In
the case of the related art LCD device, there is no way to
improve the contrast ratio in accordance with the data. Also,
the backlight 18 of the related art LCD device emits light of a
constant level regardless of the data, so that it is difficult to
obtain the vivid images. For example, when displaying the
scene of explosion, there is requirement for emphasizing the
brightness in the exploding portion. However, the related art
LCD device may include a backlight 18 emitting light of a
constant level, whereby the related art LCD device has no
vivid images. Therefore, a need exists for improvements to
contrast level displays in LCD devices.

SUMMARY OF THE INVENTION

The disclosure is directed to a driving apparatus and
method of an LCD device.

A driving apparatus and method of an LCD device is dis-
closed to improve the brightness and contrast ratio of image.

Additional advantages and features of the disclosure will
be set forth in part in the description which follows and in part
will become apparent to those having ordinary skill in the art
upon examination of the following or may be learned from
practice of the disclosure.

A driving apparatus of an LCD device includes an LCD
panel for displaying an image corresponding to a data signal.
A data driver supplies the data signal to the LCD panel. A gate
driver supplies a scan signal to the LCD panel. A picture
quality improving unit generates a histogram by dividing
brightness components of input first data into levels, gener-
ates data having an extended contrast ratio, and generates a
brightness control signal based on the average value of the
histogram. A timing controller supplies rearranged data, and
controls the data driver and the gate driver. A backlight pro-
vides a light to the LCD panel, and an inverter drives the
backlight based on the brightness control signal.

A driving method is disclosed for an LCD device having an
LCD panel for displaying an image corresponding to a data
signal, a data driver for supplying the data signal to the LCD
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panel, and a gate driver for supplying a scan signal to the LCD
panel. The method may include generating a histogram by
dividing brightness components of input first data by levels.
The method may generate second data having an extended
contrast ratio based on the brightness of the histogram by
levels using an average value of the histogram. The method
may rearrange the second data, and supply the rearranged
second data to the data driver.

It is to be understood that both the foregoing general
description and the following detailed description of the dis-
closure are explanatory and are intended to provide further
explanation of the LCD device and method as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are incor-
porated in and constitute a part of this disclosure, illustrate
example systems of the disclosure and together with the
description serve to explain the LCD device and method. In
the drawings:

FIG. 1is a block diagram ofa driving apparatus of an LCD
device according to the related art.

FIG. 2 is a block diagram of a driving apparatus of an LCD
device.

FIG. 3 is a block diagram of a picture quality improving
unit.

FIG. 4 is a block diagram of a histogram analyzing part.

FIG. 5 is a histogram by levels generated in a histogram
generator.

FIG. 6 is a modulated histogram by levels.

FIG. 7 is a graph of modulated brightness components.

FIG. 8 illustrates photographs comparing images genet-
ated in the related art method with images generated in a
histogram analyzing part.

FIG. 9 is a block diagram of a histogram analyzing part.

FIG. 10 is a histogram by levels generated in a histogram
generator.

FIG. 11 is a modulated histogram by levels.

FIG. 12 is a graph of modulated brightness components.

FIG. 13 illustrates photographs comparing images genet-
ated in the related art method with images generated in a
histogram analyzing part.

FIG. 14 is a block diagram illustrating a histogram analyz-
ing part.

FIG. 15 is a graph illustrating a dynamic backlight gain
value generated in a backlight gain controller.

FIGS. 16A to 16E illustrate a data modulation of a bright
image by a data modulation unit comprising a histogram
analyzing part.

FIGS.17Ato 17E are illustrate a data modulation of'a dark
image by a data modulation unit comprising a histogram
analyzing part.

FIG. 18 is a block diagram of a driving apparatus of an
LCD device. and

FIG. 19 is a block diagram of a picture quality improving.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the disclosure,
examples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts.

FIG. 2 is a block diagram of a driving apparatus of an LCD
device. As shown in FIG. 2, the driving apparatus of the LCD
device includes an LCD panel 22, a data driver 24, a gate
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4
driver 26, a picture quality improving unit 42, a timing con-
troller 30, a backlight 38, and an inverter 36.

The LCD panel 22 may include a plurality of thin film
transistors TFTs formed adjacent to crossings of n-th gate
lines (GL1 to GLn) and m-th data lines (DL1 to DIm) (where
m and n are natural numbers). The data driver 24 supplies a
data signal to the data lines (DL1 to DLm), and the gate driver
26 supplies a scan signal to the gate lines (GL1 to GLn). The
picture quality improving unit 42 may generate a histogram
by dividing brightness components of input first data (Ri, Gi
and Bi signal components) into a plurality of levels. The
picture quality improving unit 42 may generate second data
(Ro, Go and Bo signal components) having an extended con-
trast ratio based on the brightness of the histogram by levels
using a calculated value of the histogram, such as an average
value, median, mode, skew, kurtosis, or other numerical or
statistical characteristic of the histogram. The picture quality
improving unit 42 may generate a brightness control signal
(Dim) based on the calculated value of the histogram. The
timing controller 30 may re-arrange the second data (Ro, Go
and Bo) to be suitable for driving the LCD panel 22, supply
the arranged second data to the data driver 24, and control the
data driver 24 and the gate driver 26. The backlight 38 emits
light to the LCD panel 22, and the inverter 36 drives the
backlight 38 depending on the brightness control signal
(Dim).

The driving apparatus of the LCD device may include a
system 40, such as an external source, a gamma voltage
supplier 28, a power supplier 32, and a DC/DC converter 34.
The system 40 may generate the first data (Ri, Gi and Bi), first
horizontally and vertically synchronized signals (Hsync1 and
Vsynel), a first clock signal (DCLK1), a first data enable
signal (DE1), and a driving power (Vin). The gamma voltage
supplier 28 may generate a plurality of reference gamma
voltages of different values, and supply the generated refer-
ence gamma voltages to the data driver 24. The power sup-
plier 32 may generate driving voltages for the timing control-
ler 30, the gamma voltage supplier 28, the data driver 24, and
the gate driver 26 by using the driving power (Vin). The
DC/DC converter 34 may generate voltages supplied to the
LCD panel 22 by using the voltage supplied from the power
supplier 32.

The system 40 supplies the first horizontally and vertically
synchronized signals (Hsyncl and Vsyncl), the first clock
signal (DCLK1), the first data enable signal (DE1), and the
first data (Ri, Gi and Bi) to the picture quality improving unit
42. The system 40 supplies the driving power (Vin) input
from the external to the power supplier 32. The DC/DC con-
verter 34 generates the voltage supplied to the LCD panel 22
by increasing or decreasing a 3.3V input from the power
supplier 32. The DC/DC converter 34 generates the gamma
reference voltage, a gate high voltage (VGH), a gate low
voltage (VGL), and a common voltage (Vcom).

The LCD panel 22 may include a plurality of liquid crystal
cells (Cle) arranged in a matrix type and formed adjacent to
the crossings of the gate lines (GL1 to GLn) and the data lines
(DL1 to DLm) (where m and n are natural numbers). The
plurality of TFTs formed in the respective liquid crystal cells
(Cle) may respond to the scan signal provided from the gate
lines (GL), and supply the data signal provided from the data
lines (DL) to the liquid crystal cells (Clc). A storage capacitor
(Cst) may be formed in each of the liquid crystal cells (Clc).
The storage capacitor (Cst) may be formed between the pre-
ceding gate line and a pixel electrode of the liquid crystal cell
(Cle), or may be formed between a common electrode line
and the pixel electrode of the liquid crystal cell (Clc), to
maintain a constant voltage in the liquid crystal cell (Clc).



US 7,609,244 B2

5

The gamma voltage supplier 28 generates the reference
gamma voltages having different values using the driving
voltage provided from the power supplier 32, and supplies the
generated reference gamma voltages to the data driver 24.

The picture quality improving unit 42 generates the histo-
gram by dividing the brightness components of inputted first
data (Ri, Gi and Bi) into levels according to the first horizon-
tally and vertically synchronized signals (Hsyncl and
Vsyncl), the first clock signal (DCLK1), and the first data
enable signal (DE1) Also, the picture quality improving unit
42 generates the second data (Ro, Go and Bo) having the
extended contrast ratio based on the brightness of the histo-
gram by levels using the calculated value of the histogram,
such as the average value, and supplies the generated second
data (Ro, Go and Bo) to the timing controller 30. The picture
quality improving unit 42 generates the brightness control
signal (Dim) based on the calculated value of the histogram,
and supplies the generated brightness control signal (Dim) to
the inverter 36. The picture quality improving unit 42 gener-
ates second horizontally and vertically synchronized signals
(Hsync2 and Vsync2), a second clock signal (DCLK2), and a
second data enable signal (DE2) in synchronization with the
second data (Ro, Go and Bo), and supplies the second hori-
zontally and vertically synchronized signals (Hsync2 and
Vsyne2), the second clock signal (DCLK2), and the second
data enable signal (DE2) to the timing controller 30.

The timing controller 30 may generate the control signals
(CS) for controlling the gate driver 26 and the data driver 24
by using second horizontally and vertically synchronized
signals (Hsync2 and Vsync2) and the second clock signal
(DCLK2) input from the picture quality improving unit 42.
The timing controller 30 arranges the second data (Ro, Go
and Bo) to be suitable for driving the LCD panel 22, and
supplies the arranged second data to the data driver 24. The
control signal (CS) for controlling the gate driver 26 may
include a gate start pulse (GSP), a gate shift clock (GSC), and
a gate output enable (GOE). Also, the control signal (CS) for
controlling the data driver 24 may include a source start pulse
(SSP), a source shift clock (SSC), a source output enable
(SOE), and a polarity signal (POL).

The data driver 24 responds to the control signal (CS)
supplied from the timing controller 30, selects any one as the
data signal from the plurality of gamma voltages according to
the gray scale value of the second data (Ro, Go and Bo)
supplied from the timing controller 30, and supplies the
selected data signal to the data lines (DL.1 to DLm). The gate
driver 26 responds to the control signal (CS) supplied from
the timing controller 30, and selects the horizontal line of the
LCD panel 22 having the data signal supplied thereto by
supplying the scan signal to the gate lines (GL1 to GLn). The
gate driver 26 may sequentially supply the scan signal to the
gate lines.

The inverter 36 controls the lamp driving power (or AC
waveform) according to the brightness control signal (Dim)
supplied from the picture quality improving unit 42, and
supplies the lamp driving power to the backlight 38. The
backlight 38 may generate the light based on the lamp driving
power supplied from the inverter 36, and emit the generated
light to the rear surface of the LCD panel 22. The backlight 38
may be formed in an edge type or a direct type. For the edge
type backlight unit, a light source is positioned at a lateral side
of alight guiding plate for guiding the light to the LCD panel
22, and the light is emitted to the LCD panel 22 through the
light guiding plate. For the direct type backlight unit, a plu-
rality of light sources are positioned at the rear surface of the
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LCD panel 22, whereby the LCD panel 22 is directly illumi-
nated with the light generated from the plurality of light
sources.

FIG. 3 is a block diagram of the picture quality improving
unit 42 shown in FIG. 2. As shown in FIG. 3, the picture
quality improving unit 42 may include a data modulation
module 70, a backlight controller 72, and a control unit 68.
The data modulation module 70 generates the histogram by
dividing the brightness components of inputted first data (Ri,
Gi and Bi) into levels based on the first horizontally and
vertically synchronized signals (Hsyncl and Vsyncl), the
first clock signal (DCLK1), and the first data enable signal
(DE1) provided from the system 40. The data modulation
module 70 may generate the second data (Ro, Go and Bo)
having the extended contrast ratio based on the brightness of
the histogram by levels using the calculated value of the
histogram, such as the average value of the histogram, and
may supply the second data to the timing controller 30. The
backlight controller 72 generates the brightness control signal
(Dim) based on the calculated value (M) of the histogram.
The control unit 68 generates the second horizontally and
vertically synchronized signals (Hsync2 and Vsync2), the
second clock signal (DCLK2), and the second data enable
(DE2) in synchronization with the second data (Ro. Go and
Bo).

The data modulation module 70 may include a brightness/
color dividing part 50, a delaying part 52, a brightness/color
mixing part 54, a histogram analyzing part 56, and a histo-
gram modulating part 58. The brightness/color dividing part
50 divides the first data (Ri, Gi and Bi) by brightness compo-
nents (Y) and color-difference components (U and V). The
brightness components (Y) and the color-difference compo-
nents (U and V) may be expressed by the following equations
1to3.

Y=0.229%Ri+0.587x Gi+0.114x 51 [equation 1]
U=0.493x(Bi-T) [equation 2]
V=0.887x(Ri-¥) [equation 3]

The brightness/color dividing part 50 supplies the brightness
components (Y) derived from the first data (Ri, Gi and Bi) to
the histogram analyzing part 56, and supplies the color-dif-
ference components (U and V) divided from the first data (Ri,
Gi and Bi) to the delaying unit 52.

The histogram analyzing part 56 may extract the histogram
by dividing the brightness component (Y) of the unit frame
supplied from the brightness/color dividing part 50 into at
least 16 levels, generate the calculated value, such as the
average value and set the slope by levels with reference to the
generated average value. The histogram analyzing part 56
may set each slope by levels as well.

FIG. 4 is a block diagram of the histogram analyzing part
56. As shown in FIG. 4, the histogram analyzing part 56 may
include a histogram generator 150, an average value genera-
tor 152, a frequency generator 154, a level weight setter 156,
and a level slope setter 158.

The histogram generator 150 arranges the brightness com-
ponents (Y) provided from the brightness/color dividing part
50 by at least 16 levels, and generates the histogram (Hist_i,
1”18 from 1 to 16) of unit frame shown in FIG. 5. The
histogram generator 150 cumulates the brightness compo-
nents (Y) by levels, to generate the histogram (Hist_i) by
levels. The histogram generator 150 reads the brightness
information of the first data (Ri, Gi and Bi). In the histogram
of FIG. 5, for example, if the histogram (Hist_i) is concen-
trated to the right side (high level), it may represent a bright
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image. If the histogram (Hist_i) is concentrated to the left side
(low level), it may represent a dark image.

The histogram generator 150 may generate the histogram
(Hist_i) by dividing the brightness components (Y) supplied
from the brightness/color dividing part 50 into 8 levels or 32
levels. If the histogram generator 150 generates a histogram
(Hist_i) by dividing the brightness components (Y) corre-
sponding to the first data (Ri, Gi and Bi) of 8 bits into 16
levels, the histogram generator 150 generates the histogram
(Hist_i) of 16 levels by cumulating the brightness compo-
nents (Y) in 16 gray scale units, that is, 256/16.

The average value generator 152 multiplies the respective
histogram levels by the histogram (Hist_i), adds the multi-
plied results, and then divides the added total value by the
total histogram number, to thereby generate the average value
(M), that is,

i

Z (pxHist_p)

Hist_p

According to the histogram (Hist_i) by level with reference to
the average value (M), the frequency generator 154 generates
a cumulated histogram number (LH) of a first region which is
smaller than the average value (M), generates a cumulated
histogram number (HH) of a second region which is larger
than the average value (M), and generates a cumulated histo-
gram number (Histc_i) for the levels, such as for each level.

The level weight setter 156 may set weights (Scoel_j and
Scoe2_k) of the first region and the second region by levels,
and may set a brightness weight (Hcoe_k) of the second
region by levels, as expressed in the following equations 4 and
5, using the average value (M), the cumulated histogram
number (LH) of the first region, the cumulated histogram
number (HH) of the second region, the histogram number
(Histc_i) for the levels, the adjacent histogram level (Hsize),
and a backlight weight (BLW). The backlight weight (BLW)
may be set as a constant, such as between 1 and 2, to com-
pensate for the ratio between the minimum brightness and the
maximum brightness.

Scoel _j=(M-1)x(Histc_i/LH) [equation 4]
Scoe2_k=(Hsize-M)x(Histc__i/HH)
Heoe_k=(Hsize-BLWxM)/ (Hsize-M) [equation 5]

Inthe above equations 4 and 5, ‘j’ corresponds to the first to M
levels, and ‘k’ corresponds to the M to ‘1 levels, wherein M
level corresponds to the average value (M) of the histogram.

The level slope setter 158 may set a slope (Slope_i) for the
levels of the histogram, using a minimum slope value (Smin)
set from the external source, the backlight weight (BLW), the
brightness weight (Hcoe_k) of the second region by levels,
and the weights (Scoel_j and Scoe2_K) of the first and sec-
ond regions by levels. The minimum slope value (Smin) may
be set as a constant, such as between 0 and 1, to prevent the
distortion of original image caused by the extreme emphasis
of the contrast ratio in the histogram level.

The level slope setter 158 may set the histogram slope
(Slope_1 to Slope_M) for the levels of the first region which
are smaller than the average value (M), using the minimum
slope value (Smin), the backlight weight (BLW), and the
weight (Scoel _j) of the first region by levels, as expressed in
the following equation 6.
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Slope_j=BLWx(Scoel __jx(1-Smin)+Smin) [equation 6]
The level slope setter 158 sets the slope (Slope_M) of histo-
gram level based on the average value (M) according to the
backlight weight (BLW), as expressed in the following equa-
tion 7.

Slope M=BLW [equation 7]

The level slope setter 158 sets the histogram slope
(Slope_M+1 to Slope_i) for the levels of the second region
which are larger than the average value (M), using the mini-
mum slope value (Smin), the weight (Scoe2_k) of the second
region by levels, and the brightness weight (Hcoe_k) of the
second region by levels.

Slope_k=Hcoe__kx(Scoe2__kx(1-Smin)+Smin) [equation 8]
The level slope setter 158 sets the slopes (Slope_1 to
Slope_16) of histogram from 1 to ‘i’ levels, for example, from
1 to 16 levels, and then supplies the slopes to the histogram
modulating part 58.

The histogram analyzing part 56 may supply the average
value (M) generated from the average value generator 152 to
the backlight control module 72. The histogram analyzing
part 56 generates the average value (M) by extracting the
histogram (Hist_i) of 16 levels from the brightness compo-
nents (Y) of one frame. Then, the histogram analyzing part 56
sets the slope (Slope_1 to Slope_16) for each level of the
histogram based on the average value (M), and supplies the
slope to the histogram modulating part 58.

The histogram modulating part 58 generates the modulated
brightness components (YM_i) for the levels, as shown in
FIG. 6, by modulating the brightness components (Y) sup-
plied from the brightness/color dividing part 50 of FIG. 5 to
extend the contrast ratio. The histogram modulating part 58
uses the slope (Slope_1 to Slope_16) for the levels of the
histogram, the present histogram level (X_i), the previous
histogram level (Xoffset), and the histogram number of the
previous level (Yoffset), as expressed in the following equa-
tion 9.

YM__i=Slope_ix(X__i-Xoffset)+Yoffset [equation 9]

The histogram modulating part 58 may include a register
for supplying the present histogram level (X_1), the previous
histogram level (Xoffset), and the histogram number (Yoff-
set) of the previous level by temporarily storing the histogram
number (Histc_i) for each level supplied from the frequency
generator 154 of the histogram analyzing part 56. The histo-
gram modulating part 58 subtracts the previous histogram
level (Xoffset) from the present histogram level (X_1) sup-
plied from the register, multiplies the result by the slope
(Slope_i) corresponding to the present histogram level (X_i),
and then adds the result to the histogram number (Yoffset) of
the previous level, in sequence, thereby generating the modu-
lated brightness component (YM_i) for each level. As shown
in FIG. 7, the gray scale of the modulated brightness compo-
nent (YM) may be distributed in all regions, so that it may be
possible to improve the contrast ratio between the dark and
bright images.

The delaying part 52 delays the color-difference compo-
nents (U and V) when the brightness component (Y) is ana-
lyzed in the histogram analyzing part 56 and the histogram
modulating part 38, to generate delayed color-difference
components (UD and VD). The delaying part 52 is synchro-
nized with the modulated brightness component (YM), and
the delaying part 52 supplies the delayed color-difference
components (UD and VD) to the brightness/color mixing part
54. The brightness/color mixing part 54 generates the second
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data (Ro, Go and Bo) using the modulated brightness com-
ponent (YM) and the delayed color-difference components
(UD and VD). The second data (Ro, Go and Bo) are obtained
by the following equations 10 to 12.

Ro=YM+0.000xUD+1.140xVD [equation 10]
Go=YM-0.396xUD-0.581xVD [equation 11]
Bo=YM+2.029xUD+0.000xVD [equation 12]

The data modulation module 70 operation will be
described as follows.

The brightness/color dividing part 50 divides the first data
(Ri, Gi and Bi) by the brightness component (Y) and the
color-difference components (U and V) using the equations 1
to 3. The brightness component (Y) may be input to the
histogram analyzing part 56, and the color-difference com-
ponents (U and V) may be input to the delaying part 52.

The histogram analyzing part 56 extracts the histogram
(Hist_i) by dividing the brightness component (Y) of the unit
frame supplied from the brightness/color dividing part 50 into
at least 16 levels. The histogram analyzing part 56 generates
the average value (M), and sets the slope (Slope_1 to
Slope_16) for the levels with reference to the generated aver-
age value (M). The histogram analyzing part 56 supplies the
slope (Slope_1 to Slope_16) for each level to the histogram
modulating part 58, and supplies the generated average value
(M) to the backlight control module 72.

The histogram modulating part 58 extends the brightness
component (Y) so the brightness component (Y) is distrib-
uted over the entire gray scale region according to the slope
(Slope_1 to Slope_16) for each level from 1 to 16 using the
equation 9. The histogram modulating part 58 thereby gen-
erates the modulated brightness component (YM). The his-
togram modulating part 58 supplies the modulated brightness
component (YM) to the brightness/color mixing part 54.

By using the equations 10 to 12, the brightness/color mix-
ing part 54 generates the second data (Ro, Go and Bo) based
on the delayed color-difference components (UD and VD)
and the modulated brightness component (YM). The second
data (Ro, Go and Bo) may have a clearer contrast since the
second data (Ro, Go and Bo) is generated by the modulated
brightness component (YM). The brightness component
(YM) may be distributed over substantially the entire gray
scale region to generate the second data (Ro, Go and BO)
having a clearer brightness and darkness, whereby vivid pic-
ture images can be displayed in the LCD panel 22. Bright
colors may become brighter and dark colors may become
darker, and thus the contrast may be improved.

Meanwhile, the backlight control module 72 generates the
brightness control signal (Dim) related to the average value
(M) supplied from the histogram analyzing part 56, and sup-
plies the generated brightness control signal (Dim) to the
inverter 36. The backlight control module 72 comprises a
backlight controlling part 60, and a digital/analog converting
part 62.

The backlight controlling part 60 generates the brightness
control signal (Dim) that relates to the average value (M)
supplied from the histogram analyzing part 56. If the average
value (M) has a value representing the highest brightness, the
backlight controlling part 60 generates the brightness control
signal (Dim) to produce the light of highest brightness. How-
ever, if the average value (M) has a value representing the
lowest brightness, the backlight controlling part 60 generates
the brightness control signal (Dim) to produce the light of
lowest brightness. The digital/analog converting part 62 may
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convert the brightness control signal (Dim) to an analog con-
trol signal, and supply the analog control signal to the inverter
36.

The inverter 36 supplies the lamp driving power based on
the brightness control signal (Dim) to the backlight 38. The
backlight 38 generates a light of a brightness corresponding
to the lamyp driving power supplied from the inverter 36, and
the generated light is supplied to the LCD panel 22. The
backlight controlling part 60 controls the light from the back-
light 38 based on the average value (M) from the histogram
analyzing part 56. The bright colors may be displayed more
brightly and the dark colors may be displayed more darkly in
the LCD panel 22. This may permit picture images with
higher contrast to be displayed in the LCD panel 22.

The control unit 68 receives the first vertically and hori-
zontally synchronized signals (Vsyncl and Hsyncl), the first
clock signal (DCLK1), and the first data enable signal (DE1)
from the system 40. Also, the control unit 68 generates the
second vertically and horizontally synchronized signals
(Vsync2 and Hsync2), the second clock signal (DCLK2), and
the second data enable signal (DE2) in synchronization with
the second data (Ro, Go and Bo), and supplies the second
vertically and horizontally synchronized signals (Vsync2 and
Hsyne2), the second clock signal (DCLK2), and the second
data enable signal (DE2) to the timing controller 30.

In the above driving apparatus and method of the LCD
device, the second data (Ro, Go and Bo) may be generated
using the slope for the level which is set with reference to the
average value (M) of histogram extracted from the brightness
component (Y) of the first data (Ri, Gi and Bi). The LCD
device may display more dynamic and vivid picture images.
The light emitted from the backlight 38 may be controlled
based on the brightness of pictures of one frame, whereby
bright parts are further brightened and dark parts are further
darkened.

FIG. 8 illustrates an application of the method, where the
sky may be displayed more brightly, and the mountain may be
displayed more darkly. The contrast may be improved with
the average brightness. The brightness of light emitted from
the backlight 38 and supplied to the LCD panel 22 is accord-
ingly decreased by the average value (M) of the bright and
dark portions. A tube current of the backlight 38 is adjusted to
reduce the power consumption of the backlight 38.

FIG.9 is ablock diagram of a histogram analyzing part 56.
As shown in FIG. 9, the histogram analyzing part 56 may
include a histogram generator 150, an average value genera-
tor 152, a frequency generator 154, a level weight setter 156,
a minimum slope setter 157, and a level slope setter 158.

Except for the minimum slope setter 157 and the level
slope setter 158, the histogram analyzing part 56 illustrated in
FIG. 9 may be identical in structure to that illustrated in FIG.
4. Accordingly, the above description for FIG. 4 may be
substituted for the detailed explanation for the other struc-
tures except the minimum slope setter 157 and the level slope
setter 158.

The histogram analyzing part 56 sets a minimum slope
value (SImin) for a low region in which an average value (M)
of histogram is lower than an intermediate value (Histm) of
levels, and a minimum slope value (Shmin) for a high region
in which the average value (M) is higher than the intermediate
value (Histm) by using a minimum slope value (Smin) input-
ted from the external source, and the level number (Histt) of
the histogram (Hist_i), the intermediate value (Histm) of the
level number (Histt) of the histogram (Hist_i), and the aver-
age value (M) of the histogram (Hist_i). Then, the histogram
analyzing part 56 supplies the minimum slope value (Slmin)
for the low region, and the minimum slope value (Shmin) for
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the high region to the level slope setter 158. The minimum
slope value (Smin) input from the external is determined as a
constant, such as between 0 and 1, so as to prevent the dis-
tortion of images caused by the extreme emphasis of the
contrast ratio in the histogram level.

If the intermediate value (Histm) of the level number
(Histt) of the histogram (Hist_i) is the same as or smaller than
the average value (M) of the histogram (Hist_1), the minimum
slope setter 157 sets the minimum slope value (Slmin) for the
low region according to the level number (Histt), the inter-
mediate value (Histm), the average value (M), and the mini-
mum slope value (Smin), using the following equation 13. If
the average value (M) of the histogram (Hist_i) is between the
first to “n/2” histogram levels (Hist_i to Hist_i/2), the mini-
mum slope setter 157 sets the minimum slope value (Slmin)
for the low region.

Simin=1-(Histt-Histm)/(Histm—-1)x(1-Smin) [equation 13]

If the intermediate value (Histm) of the level number
(Histt) of the histogram (Hist_i) is larger than the average
value (M) of the histogram (Hist_i), the minimum slope setter
157 sets the minimum slope value (Shmin) for the high region
according to the level number (Histt), the intermediate value
(Histm), and the minimum slope value (Smin) using the fol-
lowing equation 14. That is, if the average value (M) of the
histogram (Hist_i) is between the ‘n/2+1° and ‘n’ histogram
levels (Hist_i/2+1 to Hist_i), the minimum slope setter 157
sets the minimum slope value (Shmin) for the high region.
The minimum slope setter 157 sets the minimum slope values
(Slmin and Shmin) for the low and high regions according to
the average value (M) of the histogram with reference to the
intermediate value (Histm) of the level number (Histt) of the
histogram (Hist_i), to maintain the brightness of image.

Shmin=1-(1-Smin)x(Histm-1)/(Histt- Histm) [equation 14]

The level slope setter 158 sets the slope (slope_i) for each
level of the histogram using the minimum slope values (slmin
and Shmin) for the low and high regions input from the
minimum slope setter 157, a backlight weight (BLW), a
brightness weight (Hcoe_k) for each level of the second
region, and first and second weights (Scoel_j and Scoe2_k)
for each level. The level slope setter 158 sets the slope
(Slope_1 to Slope_M) for each level of the first region which
is lower than the average value (M) using the minimum slope
value (Slmin) for the low region, the backlight weight (BLW),
and the weight (Scoel _j) for each level of the first region, as
expressed in the following equation 15.

Slope_j=BLWx(Scoel _jx(1-Simin)+Simin)
Also, the level slope setter 158 sets the slope (Slope_M) of

the average value (M) according to the backlight weight
(BLW), as expressed as the following equation 16.

[equation 15]

Slope_M=BLW

The level slope setter 158 sets the slope (Slope_M+1 to
Slope_i) for the levels of the second region which are higher
than the average value (M) using the minimum slope value
(Shmin) for the high region, the weight (Scoe2_k) for the
levels of the second region, and the brightness weight
(Heoe_k) for the levels of the second region, as expressed in
the following equation 17.

[equation 16]

Slope_k=Hcoe_kx(Scoe2__kx(1-Shmin)+Shmin) [equation 17]

The level slope setter 158 sets the slope (Slope_1 to
Slope_16) for the levels from 1 to ‘i’ levels of the histogram,
for example, from 1 to 16 levels, and then supplies the slope
for the levels of the histogram to a histogram modulating part
58.
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The histogram modulating part 58 modulates brightness
components (Y) supplied from a brightness/color dividing
part 50, as expressed in the above equation 9 and shown in
FIG. 10, to modulated brightness components (YM_i) by
levels, using the slope (Slope_1 to Slope_16) for the levels of
the histogram supplied from the histogram analyzing part 56,
the present histogram level (X_i), the previous histogram
level (Xoffset), and the histogram number (Yoffset) of the
previous level. At this time, the modulated brightness com-
ponent (YM) is distributed over the entire region, as shown in
FIG. 12, thereby improving the contrast with the average
brightness.

In a driving apparatus and method using the histogram
analyzing part 56, the average value (M) of histogram is
obtained by extracting the histogram of the plurality oflevels
from the brightness components (Y) of first data (Ri, Gi and
Bi), and the slope for the levels are set by controlling the
minimum slope values (Slmin and Shmin) for the low and
high regions according to the average value (M) of the histo-
gram based on the intermediate value (level) of the histogram
levels. Thus, the driving apparatus and method of the LCD
device may display dynamic and vivid images with clear
contrast ofbrightness. The light emitted from the backlight 38
is controlled according to the brightness of pictures of one
frame, whereby bright parts are further brightened and dark
parts are further darkened.

FIG. 13 illustrates an application of the driving apparatus
and method of FIG. 9. The sky may be displayed more
brightly, and the mountain may be displayed more darkly,
whereby the contrast may be improved along with the average
brightness. The brightness of light emitted from the backlight
38 and supplied to the LCD panel 22 may be accordingly
decreased by the average value (M) of the bright and dark
portions. A tube current of the backlight 38 is adjusted to
thereby reduce the power consumption of the backlight 38.

FIG. 14 is a block diagram of a histogram analyzing part
56. As shown in FIG. 14, the histogram analyzing part 56 may
include a histogram generator 150, an average value genera-
tor 152, a frequency generator 154, abacklight gain controller
155, a level weight setter 156, a minimum slope setter 157,
and a level slope setter 158. The histogram generator 150 and
the average value generator 152 illustrated in FIG. 14 may be
identical in structure as those of the illustrated in FIG. 4,
whereby the explanation for the histogram generator 150 and
the average value generator 152 illustrated in FIG. 14 will be
omitted.

The backlight gain controller 155 generates a backlight
gain value (nBLW) using a backlight weight (BLW) set by
and supplied from a user, an average value (M) of the histo-
gram, and a total level number (Histt) of the histogram
(Hist_i). At this time, the backlight weight (BLW) is set as a
constant, such as 1 to 2. which is input from the external
source so as to compensate for a ratio of a minimum bright-
ness and a maximum brightness according to first data (Ri, Gi
and Bi). As expressed in the following equation 18, the back-
light gain controller 155 subtracts ‘1’ from the backlight
weight (BLW), then divides the result by the total level num-
ber (Histt) of the histogram, then multiplies the negative
result by the average value (M) of the histogram, and then
adds the backlight weight (BLW) to the result, to thereby
generate the backlight gain value (nBLW).

BLW -1
Hisu

[equation 18]

nBLW = —( ]xM +BLW
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Accordingly, as shown in FIG. 15, the backlight gain control-
ler 155 generates the backlight gain value (nBLW) of the
point corresponding to the total level number (Histt) of the
histogram from a backlight gain graph (A) having a slope
between the backlight weight (BLW) and the average value
(M) of the histogram. The backlight gain controller 155 gen-
erates the dynamic backlight gain value (nBLW), thereby
controlling the gain of image by the backlight. It may be
possible to prevent the saturation of the image by controlling
the gain of the backlight in the bright images and maintaining
the brightness in the dark images.

The frequency generator 154 generates a cumulated histo-
gram number (LH) of the first region which is lower than the
average value (M) of the histogram, a cumulated histogram
number (HH) of the second region which is higher than the
average value (M) of the histogram, and a histogram number
(Histc_i) for each level, according to the histogram (Hist_i)
for the levels based on the average value (M) of the histogram.

The level weight setter 156 generates a weight (Scoel _j)
for each level of the first region, as expressed in the above
equation 4, using the average value (M) of the histogram, the
histogram number (Histc_i) for the levels, and the cumulated
histogram number (LH) of the first region. Also, the level
weight setter 156 sets a weight (Scoe2_k) for the levels of the
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second region, and a bright weight (Hcoe_k) for the levels of 25

the second region, as expressed in the following equation 19,
using the average value (M) of the histogram, the histogram
number (Histc_i) for each level, and the respective cumulated
histogram numbers (LH and HH) of the first and second
regions, an adjacent histogram level (Hsize), and the back-
light gain value (nBLW).

Scoe2 k=(Hsize-M)x(Histc_i/HH)

Heoe_k=(Hsize-nBLWxM)/(Hsize—-M) [equation 19]
In the above equation 19, ‘k’ corresponds to the M to 32
levels.

The minimum slope setter 157 sets the minimum slope
value (Slmin) of the low region wherein the average value (M)
of the histogram is lower than the intermediate value (Histm)
ofthe levels, and sets the minimum slope value (Shmin) of the
high region wherein the average value (M) is higher than the
intermediate value (Histm). Then, the minimum slope setter
157 supplies the minimum slope values (SImin and Shmin) to
the level slope setter 158. The detailed explanation for the
minimum slope setter 157 will be omitted since the minimum
slope setter 157 is in structure identical to that illustrated in
FIG. 9.

The level slope setter 158 sets the slope (Slope_i) for the
levels of the histogram, using the minimum slope values
(Slmin and Shmin) of the low and high regions input from the
minimum slope setter 157, the backlight gain value (nBLW),
the brightness weight (Heoe_k) for the levels of the second
region, and the weights (Scoel_j and Scoe2_k) for the levels
of the first and second regions. Specifically, the level slope
setter 158 sets the slope (Slope_1 to Slope_M) for the levels
of the first region which are smaller than the average value
(M), using the minimum slope value (Slmin) of the lower
region, the backlight gain value (nBLW), and the weight
(Scoel_j) for the levels of the first region.

Slope_j=nBLWx(Scoel _jx(1-SImin)+S/min) [equation 20]

The level slope setter 158 sets the slope (Slope_M) of the
average value (M) according to the backlight gain value
(nBLW), as expressed as the following equation 21.

Slope M=nBLW [equation 21]
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The level slope setter 158 sets the slope (Slope_M+1 to
Slope_i) for the levels of the second region which are higher
than the average value (M) using the minimum slope value
(Shmin) for the high region, the weight (Scoe2_k) for each
level of the second region, and the brightness weight
(Heoe_k) for the levels of the second region, as expressed in
the above equation 17. Also, the level slope setter 158 sets the
slope (Slope_1 to Slope_16) of the histogram for the levels
from 1 to 32 levels, and then supplies the slope of the histo-
gram for the levels to a histogram modulating part 58.

The level slope setter 158 may use the minimum slope
value (Smin) input from the external source instead of the
minimum slope values (Slmin and Shmin) of the low and high
regions input from the minimum slope setter 157. For this, the
level slope setter 158 sets the slope (Slope_i) for each level of
the histogram, using the minimum slope value (Smin), the
backlight gain value (nBLW), the brightness weight
(Heoe_k) for the levels of the second region, and the weights
(Scoel_j and Scoe2-K) for the levels of the first and second
regions. The minimum slope value (Smin) may be set as a
constant between 0 and 1, so as to prevent the distortion of
original image caused by the extreme emphasis of the contrast
ratio in the histogram level.

The level slope setter 158 sets the histogram slope
(Slope_1 to Slope_M) for the levels of the first region which
are smaller than the average value (M), using the minimum
slope value (Smin), the backlight gain value (nBLW), and the
weight (Scoel _j) forthe levels ofthe first region, as expressed
in the following equation 22.

Slope_j=nBLWx(Scoel _jx(1-Sminj+Smin) [equation 22]

The level slope setter 158 sets the slope (Slope_M) of the
histogram level having the average value (M) according to the
backlight gain value (nBLW), as expressed in the above equa-
tion 21. The level slope setter 158 sets the slope (Slope_M+1
to Slope_i) for the levels of the second region which is higher
than the average value (M) using the minimum slope value
(Shmin), the weight (Scoe2_k) for each level of the second
region, and the brightness weight (Hcoe_k) for the levels of
the second region, as expressed in the above equation 8. The
level slope setter 158 sets the slope (Slope_1 to Slope_32) for
the levels from 1 to 32 levels of the histogram, and supplies
the slope to the histogram modulating part 58. The data
modulation module 70 may include the histogram analyzing
part 56 to maintain the brightness in the dark image, and
controls the gain of the backlight in the bright images, thereby
preventing the saturation of the images.

The modulation process of the bright images in the data
modulation module 70 will be explained as follows.

As shown in FIG. 16A, data of the bright images is divided
into brightness components (Y) and color-difference compo-
nents (U and V), according to the equations 1 to 3. Then, as
shown in FIG. 16B, the brightness components (Y) are
divided by 32 levels, thereby generating the histogram
(Hist_i) by levels. Then, the average value (M) of the histo-
gram (Hist_i) having 32 levels is obtained.

The backlight gain value (nBLW) is obtained to control the
saturation of images caused by the gain of the backlight, using
the backlight weight (BLW), the total level number of the
histogram, and the average value (M) of the histogram. There
may be arequirement for generating the cumulated histogram
number (LH) of the first region which is smaller than the
average value (M) of the histogram, the cumulated histogram
number (HH) of the second region which is higher than the
average value (M) of the histogram, and the histogram num-
ber (Histc_i) for each level, according to the histogram
(Hist_i) by levels. Then, the weight (Scoel_j and Scoe2_k)
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for each level of the first and second regions and the bright-
ness weight (Heoe_k) for each level of the second region are
set using the equations 4 and 19.

By the equations 13, 14, 17,20 and 21, the slope (Slope_i)
for the levels of the histogram may be set by controlling the
minimum slope values (Slmin and Shmin) of the low and high
regions according to the average value (M) of the histogram
based on the intermediate value of 32 levels of the histogram.
The slope (Slope_i) for the levels of the histogram may be set
controlling the minimum slope value (Smin) based on the
average value (M) of the histogram with reference to the
intermediate value of 32 levels of the histogram by the equa-
tions 8, 21 and 22.

By using the slope (Slope_i) for the levels of the histogram,
as shown in FIG. 16C, the modulated brightness component
(YM_1) for the levels, having the extended contrast ratio, is
generated using the slope (Slope_i) for the levels of the his-
togram by the backlight gain value (nBLW). As shown in FIG.
16D, the data modulation module 70 may prevent the high-
brightness portion in the bright-image from being saturated. It
may be possible to improve the contrast ratio in the entire
brightness, as shown in FIG. 16E, thereby obtaining dynamic
and vivid images. In FIG. 16D, the X-axis corresponds to the
input gray scale, and the Y-axis corresponds to the output gray
scale.

For the dark image shownin FIG. 17 A, the data modulation
module 70 modulates the brightness component (Y) of the
input image in the modulation process from FIGS. 17B to
17D, to improve the contrast ratio of the entire brightness as
shown in FIG. 17E.

The driving apparatus and method of the LCD device illus-
trated in FIG. 4, which includes the histogram analyzing part
56 illustrated in FIG. 14, generates the dynamic backlight
gain value (nBLW) using the backlight weight (BLW) and the
histogram extracted from the brightness component (Y) of
the first data (Ri, Gi and Bi), and generates the second data
(Ro, Go and Bo) by setting the slope for the levels of the
histogram with the dynamic backlight gain value (nBLW). It
may be possible to improve the contrast ratio of the display
brightness by controlling the data saturation caused by the
increase of backlight gain in the bright image, thereby obtain-
ing a dynamic and vivid image.

FIG. 18 is a block diagram of a driving apparatus of an
LCD device. FIG. 19 is a block diagram of a picture quality
improving unit of FIG. 18.

As shown in FIGS. 18 and 19, the driving apparatus of the
LCD device is provided with an LCD panel 22, a data driver
24, a gate driver 26, a picture quality improving unit 80, a
timing controller 30, a backlight 84, and an inverter 82. The
driving apparatus of the LCD device further includes a system
40, a gamma voltage supplier 28, a power supplier 32, and a
DC/DC converter 34.

Accordingly, the above description of the LCD device
illustrated in FIG. 4 will substitute for the detailed explana-
tion for the structures except for the picture quality improving
unit 80, the inverter 82, and the backlight 84.

The picture quality improving unit 80 of the driving appa-
ratus a may include a data modulation module 70, a backlight
control module 92, and control unit 68. Except the backlight
control module 92, the picture quality improving unit is iden-
tical in structure to the picture quality improving unit 42
shown in FIG. 3. Accordingly, the above description of the
LCD device illustrated in FIG. 3 will substitute for the
detailed explanation for the other structures except the back-
light control module 92.

The backlight control module 92 may generate a plurality
of brightness control signals (Dim1 to Dimx) related to an
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average value (M) of histogram, and supply the plurality of
brightness control signals (Dim1 to Dimx) to the inverter 82.
The backlight control module 92 includes a backlight con-
trolling part 94 and a digital/analog converting part 96.

The backlight controlling part 94 generates the plurality of
brightness control signals (Dim1 to Dimx). At this time, if the
average value (M) has ahigh level of brightness, the backlight
controlling part 94 generates the plurality of brightness con-
trol signal (Dim1 to Dimx) to produce a light of higher bright-
ness. However, if the average value (M) has a lower bright-
ness, the backlight controlling part 94 generates the plurality
of brightness control signals (Diml to Dimx) to produce a
light of lower brightness. The digital/analog converting part
96 converts the plurality of brightness control signals (Dim1
to Dimx) to analog control signals, and supplies the analog
control signals to the inverter 82.

The inverter 82 supplies a plurality of lamp driving volt-
ages in accordance with the analog control signals (Diml to
Dimx) to the backlight 84. The backlight 84 is formed in a
direct type comprising a plurality of lamps (91 to 9x, where x
is a natural number). At this time, the plurality of lamps (91 to
9x) are positioned in the rear surface of the LCD panel 22. The
plurality of lamps (91 to 9x) emit a light related to the plural-
ity of lamp driving voltages, and provides the generated light
to the LCD panel 22.

The plurality of lamps (91 to 9x) may be positioned. in
correspondence with x” regions of the LCD panel 22. The
LCD panel 22 may be divided into ‘x’ regions illuminated
with the light emitted from the plurality of lamps (91 to 9x).

The backlight controlling part 94 generates the plurality of
brightness control signals (Dim1 to Dmix) corresponding to
data supplied to ‘x’ regions of the LCD panel 22. The back-
light 84 separately drives the respective lamps (91 to 9%)
corresponding to the lamp driving voltages supplied from the
inverter 82 according to the average value (M). It may be
possible to provide the light to each of “x’ regions of the LCD
panel 22 by separately driving the plurality of lamps (91 to
9x).

In the driving apparatus and method of the LCD device, the
bright colors may be displayed more brightly and the dark
colors may be displayed more darkly in the LCD panel. The
brightness of the backlight may be controlled by the bright-
ness of image of one frame, to obtain the dynamic and vivid
image and to selectively emphasize the brightness of the
displayed image.

In the driving apparatus and method of the LCD device a,
the histogram is obtained by dividing the brightness compo-
nents of the input data into levels, and the slope for the levels
of the histogram may be set using the average value of the
histogram, thereby improving the contrast ratio and maintain-
ing the average brightness of the displayed image. Further-
more, the brightness of the backlight may be controlled based
on the average value of the histogram, thereby obtaining a
dynamic and vivid image.

The minimum slope values of the low and high regions may
be set with reference to the intermediate value of the histo-
gram total level number, so that it is possible to prevent the
distortion of the brightness caused by the extension of the
contrast ratio.

After extracting the histogram by dividing the brightness
components of the input data into levels, the slope for each
level of the histogram may be set using the backlight gain
value according to the histogram and the backlight weight. It
may be possible to prevent the high-brightness portion in the
bright image from being saturated, and to improve the con-
trast ratio and maintain the brightness of the original image.
The dynamic and vivid image is displayed in the LCD panel
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by controlling the brightness of the backlight according to the
average value of the histogram.

Tt will be apparent to those skilled in the art that various
modifications and variations can be made in the LCD device
and method without departing from the spirit or scope of the
disclosure. Thus, it is intended that the disclosure cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A driving apparatus of an .CD device, having an LCD
panel, a data driver, a gate driver, and a backlight that provides
a light to the LCD panel, comprising:

a picture quality improving unit configurable to:

generate a histogram by dividing brightness components
of input first data into levels;

generate second data having an extended contrast ratio
related to a brightness of thehistogram by levels using
a calculated value of the histogram; and

generate at least one brightness control signal related to
the calculated value of the histogram;

a timing controller configurable to supply the second
data arranged and control the data driver and the gate
driver; and

an inverter configurable to drive the backlight based on
the brightness control signal.

2. The driving apparatus of claim 1, wherein the picture
quality improving unit comprises:

a data modulator configurable to generate the second data

using the first data;

abacklight controller configurable to generate at least one
brightness control signal under control of the data modu-
lation means; and

a control unit configurable to receive a first synchroniza-
tion signal from an external source, modulating the first
synchronization signal in synchronization with the sec-
ond data, and supplying the modulated first synchroni-
zation signal to the timing controller.

3. The driving apparatus of claim 2, wherein the data

modulator comprises:

a brightness/color divider configurable to divide the first
data into brightness components and color-difference
components;

a histogram analyzer configurable to generate the histo-
gram by dividing the brightness component of the first
data by levels and analyzing a histogram number and a
slope for each level of the histogram based on a calcu-
lated value of the histogram;

ahistogram modulator configurable to generate modulated
brightness components of extended contrast ratio by
using the histogram number and slope for each level of
the histogram;

a delay unit configurable to generate delayed color-differ-
ence components by delaying the color-difference com-
ponents the modulated brightness component is gener-
ated in the histogram modulator; and

a brightness/color mixer configurable to generate the sec-
ond data by mixing the modulated brightness compo-
nent and the delayed color-difference component.

4. The driving apparatus of claim 3, wherein the histogram

analyzer comprises:

a histogram generator configurable to generate the histo-
gram by dividing the brightness component of the first
data into levels;

a calculator configurable to generate the calculated value
by cumulating the histogram;
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a frequency generator configurable to generate a cumu-
lated histogram number of a first region which is smaller
than the calculated value, a cumulated histogram num-
ber of a second region which is larger than the calculated
value, and a histogram number for each level of the
histogram, by using the histogram and the calculated
value;

a level weight setter configurable to set a weight for each
level of the first and second regions, and a brightness
weight for each level of the second region, by using a
backlight weight supplied from an external source, the
cumulated histogram number of the first region, the
cumulated histogram number of the second region, the
calculated value, and the histogram number; and

alevel slope setter configurable to set a slope for each level
of the histogram by using a minimum slope value sup-
plied from the external source, the backlight weight, the
weight for each level of the first and second regions, and
the brightness weight for each level ofthe second region.

5. The driving apparatus of claim 4, wherein the level
weight setter is configurable to set the weight for each level of
the first region by determining a function represented by
(calculated value-1)x(histogram number for each level/cu-
mulated histogram number of first region); setting the weight
for each level of the second region by determining a function
represented by (adjacent histogram level—calculated value)x
(histogram number for each level/cumulated histogram num-
ber of second region); and setting the brightness weight for
each level of the second region by (adjacent histogram level -
backlight weightxcalculated value)/(adjacent histogram
level-calculated value).

6. The driving apparatus of claim 4, wherein the level slope
setter is configurable to set the slope for each level of the first
region by determining a function represented by backlight
weightx(weight for each level of first regionx(1-minimum
slope value)+minimum slope value); set the slope of the his-
togram level having the calculated value by the backlight
weight; and set the slope for each level of the second region by
determining a function represented by brightness weight for
each level of second regionx(weight for each level of second
regionx(1-minimum slope value)+minimum slope value).

7. The driving apparatus of claim 3, wherein the histogram
analyzer comprises:

a histogram generator configurable to generate the histo-
gram by dividing the brightness component of the first
data into brightness levels;

a calculator configurable to generate the calculated value
by cumulating the histogram;

a frequency generator configurable to generate a cumu-
lated histogram number of a first region which is smaller
than the calculated value, a cumulated histogram num-
ber of a second region which is larger than the calculated
value, and a histogram number for each level of the
histogram, by using the histogram and the calculated
value;

a level weight setter configurable to set a weight for each
level of the first and second regions, and a brightness
weight for each level of the second region, by using a
backlight weight supplied from the external, the cumu-
lated histogram number of the first region, the cumulated
histogram number of the second region, the calculated
value, and the histogram number;

a minimum slope setter configurable to set a minimum
slope value for a low region if the calculated value of the
histogram is lower than an intermediate value of the
levels, or a minimum slope value for a high region if the
calculated value is higher than the intermediate value by
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using a minimum slope value input from the external
source, the calculated value, a total level number of the
histogram, and the intermediate value of levels of the
histogram; and
a level slope setter configurable to set a slope for the level of
the histogram using the minimum slope values of the low and
high regions, the backlight weight, the weight for a level of
the first and second regions, and the brightness weight for a
level of the second region.

8. The driving apparatus of claim 7, wherein the level
weight setter is configurable to set the weight for the level of
the first region by determining a function represented by
(calculated value-1)x(histogram number for each level/cu-
mulated histogram number of first region), set the weight for
the level of the second region by determining a function
represented by (adjacent histogram level-calculated value)x
(histogram number for each level/cumulated histogram num-
ber of second region), and set the brightness weight for the
level of the second region by determining a function repre-
sented by (adjacent histogram level-backlight weightxcalcu-
lated value)/(adjacent histogram level-calculated value).

9. The driving apparatus of claim 8, wherein the minimum
slope setter is configurable to set the minimum slope value of
the low region by determining a function represented by
1-(total level number of histogram-intermediate value of
levels)/(intermediate value of levels—1)x(1-minimum slope
value) if the calculated value is the same as or smaller than the
intermediate value of levels, and where the minimum slope
setter is configurable to set the minimum slope value of the
high region by determining a function represented by 1-(1-
minimum slope value)x(intermediate value of levels—1)/(to-
tal level number of histogram-intermediate value of levels) if
the calculated value is larger than the intermediate value of
the levels.

10. The driving apparatus of claim 9, wherein the level
slope setter is configurable to set the slope for each level of the
first region by determining a function represented by back-
light weightx(weight for each level of first regionx(1-mini-
mum slope value of low region)+minimum slope value of low
region); set the slope of the histogram level comprising the
calculated value by the backlight weight; and set the slope for
each level of the second region by determining a function
represented by brightness weight for each level of second
regionx(weight for each level of second regionx(1-minimum
slope value of high region)+minimum slope value of high
region).

11. The driving apparatus of claim 3, wherein the histo-
gram modulator is configurable to generate the modulated
brightness component by determining a function represented
by slope for each level of histogramx(present histogram
level-previous histogram level)+histogram number of previ-
ous level.

12. The driving apparatus of claim 2, wherein the backlight
controller comprises:

a backlight controlling part configurable to generate at
least one brightness control signal according to the cal-
culated value of the histogram; and

a digital/analog converter part configurable to convert the
brightness control signal provided from the backlight
controlling part to an analog signals.

13. The driving apparatus of claim 2, wherein the backlight
comprises at least one lamp that provides a light to at least one
region formed by dividing the LCD panel into regions.

14. The driving apparatus of claim 13, wherein the back-
light controller is configurable to generate at least one bright-
ness control signal that generates the light in proportion to a
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region brightness of the LCD panel, and supply the generated
brightness control signal to the inverter.

15. The driving apparatus of claim 1, wherein the calcu-
lated value of the histogram comprises an average value of the
histogram.

16. The driving apparatus of claim 1, wherein the calcu-
lated value of the histogram comprises a median value of the
histogram.

17. A driving apparatus of an LCD device, having an LCD
panel, a data driver, a gate driver, and a backlight that provides
a light to the LCD panel, comprising:

a picture quality improving unit that is configurable to:

generate a histogram representing brightness components
of input first data by levels;

generate second data comprising an extended contrast ratio
related to a brightness of the histogram by levels using a
backlight weight input from an external source, and the
brightness of histogram by levels; and

generate at least one brightness control signal according to
a calculated value of the histogram;

a timing controller that supplies the second data, and con-
trols the data driver and the gate driver; and

an inverter that drives the backlight based on the brightness
control signal.

18. The driving apparatus of claim 17, wherein the picture

quality improving unit comprises:

a data modulator configurable to generate the second data
using the first data;

a backlight controller configurable to generate at least one
brightness control signal under control of the data modu-
lation means; and

a control unit configurable to receive a first synchroniza-
tion signal from an external source, modulating the first
synchronization signal in synchronization with the sec-
ond data, and supplying the modulated first synchroni-
zation signal to the timing controller.

19. The driving apparatus of claim 18, wherein the data

modulator comprises:

a brightness/color divider configurable to divide the first
data into brightness components and color-difference
components;

a histogram analyzer configurable to generate the histo-
gram by dividing the brightness component of the first
data by levels and analyzing a histogram number and a
slope for each level of the histogram based on a calcu-
lated value of the histogram;

a histogram modulator configurable to generate modulated
brightness components of extended contrast ratio by
using the histogram number and slope for each level of
the histogram;

a delay unit configurable to generate delayed color-differ-
ence components by delaying the color-difference com-
ponents the modulated brightness component is gener-
ated in the histogram modulator; and

a brightness/color mixer configurable to generate the sec-
ond data by mixing the modulated brightness compo-
nent and the delayed color-difference component.

20. The driving apparatus of claim 19, wherein the histo-

gram analyzer comprises:

a histogram generator configurable to generate the histo-
gram by dividing the brightness component of the first
data into levels;

a calculator configurable to generate the calculated value
by cumulating the histogram;

abacklight gain controller configurable to generate a back-
light gain value using the calculated value, a backlight
weight, and a total level number of the histogram;
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a frequency generator configurable to generate a cumu-
lated histogram number of a first region which is smaller
than the calculated value, a cumulated histogram num-
ber ofa second region which is larger than the calculated
value, and a histogram number for the level of the his-
togram, by using the histogram and the calculated value;

alevel weight setter configurable to set a brightness weight
for a level of the second region by using the backlight
gain value, the cumulated histogram number of the first
region, the cumulated histogram number of the second
region, the calculated value, and the histogram number
for the level; and

alevel slope setter configurable to set a slope for the level
of the histogram by using a minimum slope value input-
ted from the external source, the backlight gain value,
the weight for each level of the first and second regions,
and the brightness weight for each level of the second
region.

21. The driving apparatus of claim 20, wherein the back-
light gain controller is configurable to generate the backlight
gain value by determining a function represented by
(~((backlight weight-1)/total level number of histogram)x
calculated value+backlight weight).

22. The driving apparatus of claim 20, wherein the level
weight setter is configurable to set the weight for a level of the
first region by determining a function represented by ((calcu-
lated value-1)x(histogram number for each level/cumulated
histogram number of first region)); set the weight for alevel of
the second region by determining a function represented by
((adjacent histogram level-calculated value)x(histogram
number for each level/cumulated histogram number of sec-
ondregion)); and set the brightness weight for the level of the
second region by determining a function represented by ((ad-
jacent histogram level-backlight weightxcalculated value)/
(adjacent histogram level-calculated value)).

23. The driving apparatus of claim 20, wherein the level
slope setter is configurable to set a slope for alevel of the first
region by determining a function represented by (backlight
gain valuex(weight for each level of first regionx(1-mini-
mum slope value)+minimum slope value)); set a slope of the
histogram level comprising the calculated value by the back-
light gain value, and set the slope for the level of the second
region by determining a function represented by (brightness
weight for each level of second regionx(weight for each level
of second regionx(1-minimum slope value)+minimum slope
value)).

24. The driving apparatus of claim 19, wherein the histo-
gram analyzer comprises:

a histogram generator configurable to generate the histo-
gram by dividing the brightness component of the first
data into levels;

a calculator configurable to generate the calculated value
by cumulating the histogram;

abacklight gain controller configurable to generate a back-
light gain value using the calculated value, a backlight
weight, and a total level number of the histogram;

a frequency generator configurable to generate a cumu-
lated histogram number of a first region which is smaller
than the calculated value, a cumulated histogram num-
ber ofa second region which is larger than the calculated
value, and a histogram number for each level of the
histogram, by using the histogram and the calculated
value;

alevel weight setter configurable to set a brightness weight
for each level of the second region by using the backlight
gain value, the cumulated histogram number of the first
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region, the cumulated histogram number of the second
region, the calculated value, and the histogram number
for each level,

a minimum slope setter configurable to set a minimum
slope value of a low region if the calculated value of
histogram is lower than an intermediate value of the
levels, or a minimum slope value of a high region if the
calculated value is higher than the intermediate value by
using a minimum slope value input from the external
source, the calculated value, the level number of the
histogram, the intermediate value of the entire level
number of the histogram; and

alevel slope setter configurable to set a slope for each level
of the histogram by using the minimum slope values of
the low and high regions, the backlight gain value, the
weight for each level of the first and second regions, and
the brightness weight for each level of the second region.

25. The driving apparatus of claim 24, wherein the back-
light gain controller is configurable to generate the backlight
gain value by determining a function represented by
(~((backlight weight-1)/total level number of histogram)x
calculated value+backlight weight).

26. The driving apparatus of claim 24, wherein the level
weight setter is configurable to set the weight for a level of the
first region by ((calculated value-1)x(histogram number for
each level/cumulated histogram number of first region)); set
the weight for each level of the second region by determining
a function represented by ((adjacent histogram level-calcu-
lated value)x(histogram number for each level/cumulated
histogram number of second region)); and set the brightness
weight for each level of the second region by determining a
functionrepresented by ((adjacent histogram level-backlight
gain valuexcalculated value)/(adjacent histogram level-cal-
culated value)).

27. The driving apparatus of claim 24, wherein the mini-
mum slope setter is configurable to set the minimum slope
value of the low region by determining a function represented
by (1-(total level number of histogram—-intermediate value of
the levels)/(intermediate value of the levels—1)x(1-minimum
slope value)) if the calculated value is the same as or smaller
than the intermediate value of the levels, and the minimum
slope seller means is configurable to set the minimum slope
value of the high region by (1-(1-minimum slope value)x
(intermediate value of the levels—1)/(total level number of
histogram-intermediate value of the levels)) if the calculated
value is larger than the intermediate value of the levels.

28. The driving apparatus of claim 27, wherein the level
slope setter is configurable to set the slope for each level of the
first region by determining a function represented by (back-
light gain valuex(weight for each level of first regionx(1-
minimum slope value of low region)+minimum slope value
of low region)); set the slope of the histogram level compris-
ing the calculated value by the backlight gain value; and set
the slope for each level of the second region by determining a
function represented by (brightness weight for each level of
second regionx(weight for each level of second regionx(1-
minimum slope value of high region)+minimum slope value
of high region)).

29. The driving apparatus of claim 19, wherein the histo-
gram modulator is configurable to generate the modulated
brightness component by determining a function represented
by (slope for each level of histogramx(present histogram
level-previous histogram level)+histogram number of previ-
ous level).

30. The driving apparatus of claim 18, wherein the back-
light controller comprises:
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a backlight controlling part configurable to generate at
least one brightness control signal according to the cal-
culated value of the histogram; and

a digital/analog converter part configurable to convert the
brightness control signal provided from the backlight
controlling unit to an analog signals.

31. The driving apparatus of claim 18, wherein the back-
light comprises at least one lamp that provides a light to at
least one region formed by dividing the LCD panel into
regions.

32. The driving apparatus of claim 31, wherein the back-
light controller is configurable to generate at least one bright-
ness control signal that generates the light in proportion to a
region brightness of the LCD panel, and supply the generated
brightness control signal to the inverter.

33. The driving apparatus of claim 15, wherein the calcu-
lated value of the histogram comprises an average value of the
histogram.

34. The driving apparatus of claim 15, wherein the calcu-
lated value of the histogram comprises a median value of the
histogram.

35. A driving method of an LCD device having an LCD
panel that displays an image corresponding to a data signal, a
data driver that supplies the data signal to the LCD panel, and
a gate driver that supplies a scan signal to the LCD panel,
comptrising:

generating a histogram by dividing brightness components
of input first data into levels, and generating second data
having an extended contrast ratio related to a brightness
of the histogram by levels using a calculated value of the
histogram;

arranging the second data; and

supplving the arranged second data to the data driver.

36. The driving method of claim 35, further comprising:

generating at least one brightness control signal based on
the calculated value of the histogram; and

providing a light to the LCD panel based on the brightness
control signal.

37. The driving method of claim 36, providing the light to

the LCD panel comprises:

generating a lamp driving voltage according to the bright-
ness control signal; and

driving at least one lamp to emit the light to the LCD panel
divided into at least one region with the lamp driving
voltage.

38. The driving method of claim 37, generating at least one
brightness control signal comprises generating at least one
brightness control signal to generate the light in proportion to
the region brightness of the LCD panel.

39. The driving method of claim 35, wherein generating the
second data comprises:

dividing the first data into brightness components and
color-difference components;

analyzing a histogram number and setting a slope for a
level of the histogram with the calculated value of the
histogram;

generating modulated brightness components of extended
contrast ratio by using the histogram number and slope
for the level of the histogram;

generating delayed color-difference components by delay-
ing the color-difference components until generating the
modulated brightness component; and

generating the second data by mixing the modulated
brightness component and the delayed color-difference
component.
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40. The driving method of claim 39, wherein setting the
histogram number and slope for the level of the histogram
comprises:

generating the histogram by dividing the brightness com-

ponent of the first data into levels;

generating the calculated value by cumulating the histo-

gram;

generating a cumulated histogram number of a first region

which is smaller than the calculated value, a cumulated
histogram number of a second region which is larger
than the calculated value, and a histogram number for
thelevel of the histogram, by using the histogram and the
calculated value;

setting a weight for a level of the first region and the second

region, and a brightness weight for the level of the sec-
ond region, by using a backlight weight supplied from
the external source, the cumulated histogram number of
the first region, the cumulated histogram number of the
second region, the calculated value, and the histogram
number; and

setting a slope for the level of the histogram by using a

minimum slope value supplied from the external source,
the backlight weight, the weight for the level of the first
region and the second region, and the brightness weight
for the level of the second region.

41. The driving method of claim 40, wherein setting the
weight for each level of the first region and the second region
and the brightness weight for each level of the second region
comprises:

setting the weight for each level of the first region by

determining a function represented by (calculated
value-1)x(histogram number for each level/cumulated
histogram number of first region);

setting the weight for the level of the second region by

determining a function represented by (adjacent histo-
gram level-calculated value)x(histogram number for
each level/cumulated histogram number of second
region); and

setting the brightness weight for the level of the second

region by determining a function represented by (adja-
cent histogram level-backlight weightxcalculated
value)/(adjacent histogram level-calculated value).

42. The driving method of claim 40, setting the slope for
each level of the histogram comprises:

setting the slope for the level of the first region by deter-

mining a function represented by backlight weightx
(weight for each level of first regionx(1 -minimum slope
value)+minimum slope value);

setting the slope of the histogram level comprising the

average value by the backlight weight; and

setting the slope for the level of the second region by

determining a function represented by brightness weight
for each level of second regionx(weight for each level of
second regionx(1-minimum slope value)+mininum
slope value).

43. The driving method of claim 39, setting the histogram
number and slope for each level comprises:

generating the histogram by dividing the brightness com-

ponent of the first data into levels;

generating the calculated value by cumulating the histo-

gram,

generating a cumulated histogram number of a first region

which is smaller than the calculated value, a cumulated
histogram number of a second region which is larger
than the calculated value, and a histogram number for
thelevel of the histogram, by using the histogram and the
calculated value;



US 7,609,244 B2

25

setting a weight for the level of the first region and the
second region, and a brightness weight for the level of
the second region, by using a backlight weight supplied
from the external source, the cumulated histogram num-
ber of the first region, the cumulated histogram number
of the second region, the calculated value, and the his-
togram number;

setting a minimum slope value for a low region if the

calculated value of histogram is lower than an interme-
diate value of the levels, and a minimum slope value for
a high region if the calculated value is higher than the
intermediate value by using a minimum slope value
input from the external source, the calculated value, a
total level number ofthe histogram, and the intermediate
value of the levels of the histogram; and

setting a slope for the level of the histogram using the

minimum slope values of the low and high regions, the
backlight weight, the weight for each level of the first
and second regions, and the brightness weight for the
level of the second region.

44. The driving method of claim 43, setting the weight for
the level of the first and second regions and the brightness
weight for the level of the second region comprise:

setting the weight for the level of the first region by deter-

mining a function represented by (calculated value—1)x
(histogram number for each level/cumulated histogram
number of first region);

setting the weight for the level of the second region by

determining a function represented by (adjacent histo-
gram level-calculated value)x(histogram number for
each level/cumulated histogram number of second
region); and

setting the brightness weight for the level of the second

region by determining a function represented by (adja-
cent histogram level-backlight weightxcalculated
value)/(adjacent histogram level-calculated value).

45. The driving method of claim 43, setting the minimum
slope values of the low and high regions comprises:

setting the minimum slope value of the low region by

determining a function represented by (1-(total level
number of histogram—intermediate value of the levels)/
(intermediate value of the levels-1)x(1-minimum slope
value)) if the calculated value is the same as or smaller
than the intermediate value of the levels; and

setting the minimum slope value of the high region by

determining a function represented by (1-(1-minimum
slope value)x(intermediate value of the levels-1)/(total
level number of histogram—intermediate value of the
levels)) if the calculated value is larger than the interme-
diate value of the levels.

46. The driving method of claim 45, setting the slope for the
level of the histogram comprises:

setting the slope for the level of the first region by deter-

mining a function represented by (backlight weightx
(weight for each level of first regionx(1 —-minimum slope
value)+minimum slope value));

setting the slope of the histogram level having the calcu-

lated value by the backlight weight; and

setting the slope for the level of the second region by

determining a function represented by (brightness
weight for each level of second regionx(weight for each
level of second regionx(1-minimum slope value)+mini-
mum slope value)).

47. The driving method of claim 39, generating the modu-
lated brightness component comprises generating the modu-
lated brightness component by determining a function repre-
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sented by (slope for each level of histogramx(present
histogram level-previous histogram level)+histogram num-
ber of previous level).

48. The driving method of claim 35, wherein the calculated
value of the histogram comprises an average value of the
histogram.

49. The driving method of claim 35, wherein the calculated
value of the histogram comprises a median value of the his-
togram.

50. A driving method of an LCD device comprising an
LCD panel that displays an image corresponding to a data
signal, a data driver that supplies the data signal to the LCD
panel, and a gate driver that supplies a scan signal to the LCD
panel, comprising:

generating a histogram by dividing brightness components

of input first data into levels, and generating second data
comprising an extended contrast ratio related to a bright-
ness of the histogram by levels using a backlight weight
input from the external source;

arranging the second data; and

supplying the arranged second data to the data driver.

51. The driving method of claim 50, further comprising:

generating at least one brightness control signal based on a

calculated value of the histogram; and

providing the light to the LCD panel based on the bright-

ness control signal.

52. The driving method of claim 51, providing the light to
the LCD panel comprises:

generating a lamp driving voltage according to the bright-

ness control signal; and

driving at least one lamp to emit the light to the LCD panel

divided into at least one region with the lamp driving
voltage.

53. The driving method of claim 52, generating at least one
brightness control signal comprises generating at least one
brightness control signal so as to generate the light in propor-
tion to a region brightness of the LCD panel.

54. The driving method of claim 50, generating the second
data comprises:

dividing the first data into brightness components and

color-difference components;

analyzing a histogram number and setting a slope for the

level of the histogram with the calculated value of the
histogram;

generating modulated brightness components of extended

contrast ratio by using the histogram number and slope
for the level of the histogram;
generating delayed color-difference components by delay-
ing the color-difference components until finished gen-
erating the modulated brightness component; and

generating the second data by mixing the modulated
brightness component and the delayed color-difference
component.

55. The driving method of claim 54, setting the histogram
number and slope for the level comprises:

generating the histogram by dividing the brightness com-

ponent of the first data into levels;

generating the calculated value by cumulating the histo-

gram,

generating a backlight gain value using the calculated

value, the backlight weight, and a total level number of
the histogram;

generating a cumulated histogram number of a first region

which is smaller than the calculated value, a cumulated
histogram number of a second region which is larger
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than the calculated value, and a histogram number for
the level of the histogram, by using the histogram and the
calculated value;

setting a brightness weight for the level of the second

region by using the backlight gain value, the cumulated
histogram number of the first region, the cumulated his-
togram number of the second region, the calculated
value, and the histogram number for the level; and

setting a slope for the level of the histogram by using a

minimum slope value input from the external source, the
backlight gain value, the weight for the level of the first
and second regions, and the brightness weight for the
level of the second region.

56. The driving method of claim 55, wherein generating the
backlight gain value comprises determining a function rep-
resented by (-((backlight weight-1)/total level number of
histogram)xcalculated value+backlight weight).

57. The driving method of claim 55, setting the weight for
the level of the first region and the second region and the
brightness weight for the level of the second region com-
prises:

setting the weight for the level of the first region by deter-

mining a function represented by ((calculated value—1)x
(histogram number for each level/cumulated histogram
number of first region));

setting the weight for the level of the second region by

((adjacent histogram level-calculated value)x(histo-
gram number for each level/cumulated histogram num-
ber of second region)); and

setting the brightness weight for the level of the second

region by ((adjacent histogram level-backlight gain
valuexcalculated value)/(adjacent histogram level—cal-
culated value)).

58. The driving method of claim 55, wherein setting the
slope for each level of the histogram comprises:

setting the slope for the level of the first region by deter-

mining a function represented by (backlight gain valuex
(weight for each level of first regionx(1 —-minimum slope
value)+minimum slope value));
setting the slope of the histogram level comprising the
calculated value by the backlight gain value; and

setting the slope for the level of the second region by
determining a function represented by (brightness
weight for each level of second regionx(weight for each
level of second regionx(1-minimum slope value)+mini-
mum slope value).

59. The driving method of claim 54, wherein setting the
histogram number and slope for the level comprises:

generating the histogram by dividing the brightness com-

ponent of the first data into levels;

generating the calculated value by cumulating the histo-

gram;

generating a backlight gain value using the calculated

value, a backlight weight, and a total level number of the
histogram;

generating a cumulated histogram number of a first region

which is smaller than the calculated value, a cumulated
histogram number of a second region which is larger
than the calculated value, and a histogram number for
the level of the histogram, by using the histogram and the
calculated value;

setting a brightness weight for the level of the second

region by using the backlight gain value, the cumulated
histogram number of the first region, the cumulated his-
togram number of the second region, the calculated
value, and the histogram number for the level,
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setting a minimum slope value of a low region if the cal-

culated value of histogram is lower than an intermediate

value of'the levels, and a minimum slope value of a high

region if the calculated value is higher than the interme-

5 diate value by using a minimum slope value input from

the external source, the calculated value, the entire level

number of the histogram, the intermediate value of the
entire level number of the histogram; and

setting a slope for the level of the histogram by using the

minimum slope values of the low region and the high
region, the backlight gain value, the weight for the level
of the first region and the second region, and the bright-
ness weight for the level of the second region.

60. The driving method of claim 59, generating the back-
light gain value comprises determining a function repre-
sented by (-((backlight weight-1)/total level number of his-
togram)xcalculated value+backlight weight).

61. The driving method of claim 59, wherein setting the
weight for the level of the first region and the second region
and the brightness weight for the level of the second region
comprises:

setting the weight for the level of the first region by deter-

mining a function represented by ((calculated value—1)x
histogram number for each level/cumulated histogram
number of first region));

setting the weight for the level of the second region by

determining a function represented by ((adjacent histo-
gram level-calculated value)x(histogram number for
each level/cumulated histogram number of second
region)); and

setting the brightness weight for the level of the second

region by determining a function represented by ((adja-
cent histogram level-backlight gain valuexcalculated
value)/(adjacent histogram level-calculated value)).

62. The driving method of claim 59, wherein setting the
minimum slope values of the low region and the high region
comprises:

setting the minimum slope value of the low region by

determining a function represented by (1-(total level
number of histogram-intermediate value of levels)/(in-
termediate value of levels—1)x(1-minimum slope
value)) if the calculated value is the same as or smaller
than the intermediate value of the levels; and

setting the minimum slope value of the high region by

determining a function represented by (1-(1-minimum
slope value)x(intermediate value of levels-1)/(total
level number of histogram-intermediate value of lev-
els)) if the calculated value is larger than the intermedi-
ate value of the levels.

63. The driving method of claim 62, setting the slope for the
level of the histogram comprises:

setting the slope for the level of the first region by deter-

mining a function represented by (backlight gain valuex
(weight for each level of first regionx(1 =minimum slope
value of low region)+minimum slope value of low
region));

setting the slope of the histogram level comprising the

calculated value by the backlight gain value; and
setting the slope for the level of the second region by
determining a function represented by (brightness
weight for each level of second regionx(weight for each
level of second regionx(1-minimum slope value of high
region)+minimum slope value of high region)).

64. The driving method of claim 54, wherein generating the
modulated brightness component comprises generating the
modulated brightness component by determining a function
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represented by (slope for each level of histogramx(present 66. The driving method of claim 50, wherein the calculated
histogram level-previous histogram level)+histogram num- value of the histogram comprises a median value of the his-
ber of previous level). togram.

65. The driving method of claim 50, wherein the calculated
value of the histogram comprises an average value of the 5
histogram. ¥ % % k%
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