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METHOD AND APPARATUS FOR DRIVING
LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of the Korean
Patent Application No. P2003-99246 filed in Korea on Dec.
29, 2003, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display,
and more particularly to a driving method and apparatus for
a liquid crystal display that is adaptive for minimizing a
motion blur phenomenon from a moving picture as well as
displaying a fresh and dynamic image.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (LCD) controls
light transmittance of liquid crystal cells in accordance with
video signals to thereby display a picture. Such an LCD has
been implemented by an active matrix type having a switch-
ing device for each cell, and applied to a display device such
as a monitor for a computer, office equipments, a cellular
phone and the like. The switching device for the active
matrix LCD mainly employs a thin film transistor (TFT).

[0006] FIG. 1 schematically shows a conventional LCD
driving apparatus.

[0007] Referring to FIG. 1, the conventional LCD driving
apparatus includes a liquid crystal display panel 2 having
mxn liquid crystal cells Cle arranged in a matrix type, m data
lines D1 to Dm and n gate lines G1 to Gn intersecting each
other and thin film transistors TFT provided at the intersec-
tions, a data driver 4 for applying data signals to the data
lines D1 to Dm of the liquid crystal display panel 2, a gate
driver 6 for applying scanning signals to the gate lines G1 to
Gn, a gamma voltage supplier 8 for supplying the data driver
4 with gamma voltages, a timing controller 10 for control-
ling the data driver 4 and the gate driver 6 using synchro-
nizing signals from a system 20, a direct current to direct
current converter 14, hereinafter referred to as “DC/DC
converter”, for generating voltages supplied to the liquid
crystal display panel 2 using a voltage from a power supply
12, and an inverter 16 for driving a back light 18.

[0008] The system 20 applies vertical/horizontal signals
Vsync and Hsync, clock signals DCLK, a data enable signal
DE and data R, G and B to the timing controller 10.

[0009] The liquid crystal display panel 2 includes a plu-
rality of liquid crystal cells Clc arranged, in a matrix type,
at the intersections between the data lines D1 to Dm and the
gate lines G1 to Gn. The thin film transistor TFT provided
at each liquid crystal cell Clc applies a data signal from each
data line D1 to Dm to the liquid crystal cell Cle in response
to a scanning signal from the gate line G. Further, each liquid
crystal cell Clc is provided with a storage capacitor Cst. The
storage capacitor Cst is provided between a pixel electrode
of the liquid crystal cell Cle and a pre-stage gate line or
between the pixel electrode of the liquid crystal cell Clc and
a common electrode line, to thereby constantly keep a
voltage of the liquid crystal cell Clc.

[0010] The gamma voltage supplier 8 applies a plurality of
gamma voltages to the data driver 4.
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[0011] The data driver 4 converts digital video data R, G
and B into analog gamma voltages (i.c., data signals) cor-
responding to gray level values in response to a control
signal CS from the timing controller 10, and applies the
analog gamma voltages to the data lines D1 to Dm.

[0012] The gate driver 6 sequentially applies a scanning
pulse to the gate lines G1 to Gn in response to a control
signal CS from the timing controller 10 to thereby select
horizontal lines of the liquid crystal display panel 2 supplied
with the data signals.

[0013] The timing controller 10 generates the control
signals CS for controlling the gate driver 6 and the data
driver 4 using the vertical/horizontal synchronizing signals
Vsync and Hsync and the clock signal DCLK inputted from
the system 20. Herein, the control signal CS for controlling
the gate driver 6 is comprised of a gate start pulse GSP, a
gate shift clock GSC and a gate output enable signal GOE,
etc. Further, the control signal CS for controlling the data
driver 4 is comprised of a source start pulse SSP, a source
shift clock SSC, a source output enable signal SOE and a
polarity signal POL, etc. The timing controller 10 re-aligns
the data R, G and B from the system 20 to apply them to the
data driver 4.

[0014] The DC/DC converter 14 boosts or drops a voltage
of 3.3V inputted from the power supply 12 to generate a
voltage supplied to the liquid crystal display panel 2. Such
aDC/DC converter 14 generates a gamma reference voltage,
a gate high voltage VGH, a gate low voltage VGL and a
common voltage Vcom.

[0015] The inverter 16 applies a driving voltage (or driv-
ing current) for driving the back light 18 to the back light 18.
The back light 18 generates a light corresponding to the
driving voltage (or driving current) from the inverter 16 to
apply it to the liquid crystal display panel 2.

[0016] In order to display a vivid image at the liquid
crystal display panel 2 driven in this manner, a distinct
contrast between brightness and darkness is made in corre-
spondence with data supplied to the liquid crystal display
panel 2. However, since the conventional back light 18
produces constant brightness irrespective of the data sup-
plied, it is difficult to display dynamic and fresh images.

SUMMARY OF THE INVENTION

[0017] Accordingly, a driving method and apparatus for a
liquid crystal display is provided that is adaptive for mini-
mizing motion blur in a moving picture as well as displaying
fresh and dynamic images.

[0018] A method of driving a liquid crystal display accord-
ing to one aspect of the present invention includes (A)
converting data inputted from the exterior into brightness
components to produce a histogram for each frame; (B)
extracting a control value from the histogram; and (C)
controlling turn-on times of a plurality of lamps positioned
to overlap with a liquid crystal display panel in correspon-
dence with the control value.

[0019] In the method, turn-on times of the lamps increase
as a gray level of the control value increases and decrease as
a gray level of the control value decrease.

[0020] The gray level of the control value is divided into
a plurality of areas in which the turn-on times of the lamps
are set differently for each area.
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[0021] The gray level area of the control value is divided
into a minimum area including low gray levels, a middle
area including middle gray levels and a maximum area
including high gray levels.

[0022] When the control value is positioned in the middle
area, turn-on times of the lamps are set to a first time
interval.

[0023] When the control value is positioned in the mini-
mum area, the lamps are turned on during a time shorter than
the first time interval.

[0024] When the control value is positioned in the mini-
mum area, the turn-on time is controlled in proportion to a
gray level of the control value.

[0025] When the control value is positioned in the maxi-
mum area, the lamps are turned on during a time longer than
the first time interval.

[0026] When the control value is positioned in the maxi-
mum area, the turn-on time is controlled in proportion to a
gray level of the control value.

[0027]

[0028] The control value is selected from an average value
representing an average of the histogram gray level or a
most-frequent value occupying the highest frequency num-
ber in the histogram.

[0029] When the most-frequent value is selected as the
control value, the frequency number of the most-frequent
value is determined to select the control value from the
previous most-frequent value or the current most-frequent
value.

[0030] The previous most-frequent value is selected as the
control value when the frequency number of the current
most-frequent value is set to less than 40% of the entire
pixel, whereas the current most-frequent value is selected as
the control value in the other case.

[0031] In the method, a plurality of image determination
factors is extracted from the histogram, a weighting value
assigned to the image determination factors; and the control
value generated using the image determination factors to
which the weighting value has been assigned.

The lamps are sequentially turned on.

[0032] When an average value representing an average of
the histogram gray level, a most-frequent value occupying
the highest frequency number in the histogram and a gray
level value of the histogram are listed in accordance with the
frequency number, the image determination factors include
a middle-position value located at the middle portion, a
maximum gray level value of the histogram, a minimum
gray level value of the histogram, a range value representing
a range between the maximum gray level value and the
minimum gray level value and an intermediate value
between the maximum gray level value and the minimum
gray level value.

[0033] The assigning the weighting value includes assign-
ing a high weighting value 1o the average value and the
most-frequent value; assigning a weighting value lower than
the average value and the most-frequent value to the range
value; and assigning a weighting value lower than the range
value to the minimum gray level value, the maximum gray
level value, the middle-position value and the intermediate
value.
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[0034] The generating the control value includes generat-
ing the control value by summing the image determination
factors to which the weighting values have been assigned
and then dividing the summed value by the number of the
image determining factors.

[0035] The method further includes generating modulated
brightness components having an expanded contrast using
the histogram; and generating an output data using the
modulated brightness components.

[0036] A driving apparatus for a liquid crystal display
according to another aspect of the present invention includes
a brightness/color separator for converting data inputted
from the exterior into brightness components and chromi-
nance components; a histogram analyzer for converting the
brightness components into a histogram for each frame; and
a back light controller for controlling turn-on times of a
plurality of lamps using the analyzed histogram from the
histogram analyzer.

[0037] The driving apparatus further includes an inverter
for controlling turn-on times of the plurality of lamps in
response to the brightness control signal from the back light
controller.

[0038] The inverter sequentially turns on the plurality of
lamps.
[0039] The back light controller includes a control value

extractor for extracting a control value from the histogram;
and a back light control for generating the brightness control
signal in correspondence with the extracted control value
from the control value extractor.

[0040] The back light control generates the brightness
control signal such that turn-on times of the lamps are
increased as a gray level of the control value increases while
turn-on times of the lamps are decreased as a gray level of
the control value is decreased.

[0041] The back light control generates the brightness
control signal such that a gray level of the control value is
divided into a plurality of areas and turn-on times of the
lamps is set differently in each area.

[0042] The back light control divides the gray level of the
control value into a minimum area including low gray levels,
a middle area including middle gray levels and a maximum
area including high gray levels.

[0043] Herein, when the control value from the control
value extractor is positioned in the middle area, the back
light control generates the brightness control signal such that
turn-on times of the lamps are set to a first time interval.

[0044] When the control value from the control value
extractor is positioned in the minimum area, the back light
control generates the brightness control signal such that the
lamps are turned on during a time shorter than the first time
interval.

[0045] When the control value is positioned in the mini-
mum area, the back light control generates the brightness
control signal such that the turn-on time is controlled in
proportion to a gray level of the control value.

[0046] When the control value from the control value
extractor is positioned in the maximum area, the back light



US 2005/0140639 Al

control generates the brightness control signal such that the
lamps are turned on during a time longer than the first time
interval.

[0047] When the control value is positioned in the maxi-
mum area, the back light controller generates the brightness
control signal such that the turn-on time is controlled in
proportion to a gray level of the control value.

[0048] The control value extractor extracts a most-fre-
quent value occupying the highest frequency number in the
histogram.

[0049] The control value extractor selects the previous
most-frequent value as the control value when the frequency
number of the currently extracted most-frequent value is set
to less than 40% of the entire pixel, whereas it selects the
currently extracted most-frequent value as the control value
in the other case.

[0050] The back light controller includes a control value
generator for extracting a plurality of image determination
factors from the histogram and for generating the control
value using the image determination factors; a weighting
value assigner for assigning a weighting value to the plu-
rality of image determination factors;, and a back light
control for generating a control value using the image
determination factors in correspondence with the control
value from the control value generator.

[0051] Herein, the control value generator extracts an
average value representing an average of the histogram gray
level, a most-frequent value occupying the highest fre-
quency number in the histogram and a gray level value of the
histogram are listed in accordance with the frequency num-
ber, the image determination factors include a middle-
position value located at the middle portion, a maximum
gray level value of the histogram, a minimum gray level
value of the histogram, a range value representing a range
between the maximum gray level value and the minimum
gray level value and an intermediate value between the
maximum gray level value and the minimum gray level
value.

[0052] The weighting value assigner assigns a high
weighting value to the average value and the most-frequent
value; assigning a weighting value lower than the average
value and the most-frequent value to the range value; and
assigning a weighting value lower than the range value to the
minimum gray level value, the maximum gray level value,
the middle-position value and the intermediate value.

[0053] The control value generator generates the control
value by summing the image determination factors to which
the weighting values have been assigned and then dividing
the summed value by the number of the image determining
factors.

[0054] The driving apparatus further includes a data pro-
cessor for generating modulated brightness components
having an expanded contrast using the analyzed histogram
from the histogram analyzer; delay means for the chromi-
nance components until the modulated brightness compo-
nents are generated from the data processor; and a bright-
ness/color mixer for generating an output data using the
modulated brightness components and the delayed chromi-
nance components from the delay means.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0055] Different embodiments of the invention will be
apparent from the following detailed description with ref-
erence to the accompanying drawings, in which:

[0056] FIG. 1 is a schematic block diagram showing a
configuration of a conventional driving apparatus for a
liquid crystal display;

[0057] FIG. 2 is a schematic block diagram showing a
configuration of a driving apparatus for a liquid crystal
display according to an embodiment of the present inven-
tion;

[0058] FIG. 3 shows a plurality of back lights included in
the back light unit shown in FIG. 2;

[0059] FIG. 4 depicts a sequential turning-on of the back
lights shown in FIG. 3;

[0060] FIG. 5 is a detailed block diagram of the picture
quality enhancer shown in FIG. 2;

[0061] FIG. 6 illustrates an example of a histogram gen-
erated from the histogram analyzer shown in FIG. §;

[0062] FIG. 7A and FIG. 7B show turn-on times of the
back lights changed in correspondence with a control value.

[0063] FIG. 8 is a block diagram of a picture quality
enhancer according to another embodiment of the present
invention; and

[0064] FIG. 9A and FIG. 9B are graphs representing a
procedure of controlling brightness in response to a control
value from the back light controller shown in FIG. 8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0065] FIG. 2 schematically shows a driving apparatus for
a liquid crystal display (LCD) according to an embodiment
of the present invention.

[0066] Referring to FIG. 2, the LCD driving apparatus
according to the embodiment of the present invention
includes a liquid crystal display panel 22 having mxn liquid
crystal cells Clc arranged in a matrix type, m data lines D1
to Dm and n gate lines G1 to Gn intersecting each other and
thin film transistors TFT provided at the intersections, a data
driver 24 for applying data signals to the data lines D1 to Dm
of the liquid crystal display panel 22, a gate driver 26 for
applying scanning signals to the gate lines G1 to Gn, a
gamma voltage supplier 28 for supplying the data driver 24
with gamma voltages, a timing controller 30 for controlling
the data driver 24 and the gate driver 26 using a second
synchronizing signal from a picture quality enhancer 42, a
DC/DC converter 34 for generating voltages supplied to the
liquid crystal display panel 22 using a voltage from a power
supply 32, an inverter 36 for driving a back light unit 38, and
a picture quality enhancer 42 for selectively emphasizing a
contrast of input data and for applying a brightness control
signal Dimming corresponding to the input data to the
inverter 36.

[0067] The system 40 applies first vertical/horizontal sig-
nals Vsyncl and Hsyncl, a first clock signal DCLKI, a first
data enable signal DE1 and first data Ri, Gi and Bi to the
picture quality enhancer 42.
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[0068] The liquid crystal display panel 22 includes a
plurality of liquid crystal cells Cle arranged, in a matrix type,
at the intersections between the data lines D1 to Dm and the
gate lines G1 to Gn. The thin film transistor TFT provided
at each liquid crystal cell Clc applies a data signal from each
data line D1 to Dm to the liquid crystal cell Cle in response
to a scanning signal from the gate line G. Further, each liquid
crystal cell Clc is provided with a storage capacitor Cst. The
storage capacitor Cst is provided between a pixel electrode
of the liquid crystal cell Cle and a pre-stage gate line or
between the pixel electrode of the liquid crystal cell Cle and
a common electrode line, to thereby constantly keep a
voltage of the liquid crystal cell Clc.

[0069] The gamma voltage supplier 28 applies a plurality
of gamma voltages to the data driver 24.

[0070] The data driver 24 converts digital video data R, G
and B into analog gamma voltages (i.c., data signals) cor-
responding to gray level values in response to a control
signal CS from the timing controller 30, and applies the
analog gamma voltages to the data lines D1 to Dm.

[0071] The gate driver 26 sequentially applies a scanning
pulse to the gate lines G1 to Gn in response to a control
signal CS from the timing controller 30 to thereby select
horizontal lines of the liquid crystal display panel 22 sup-
plied with the data signals.

[0072] The timing controller 30 generates the control
signals CS for controlling the gate driver 26 and the data
driver 24 using second vertical/horizontal synchronizing
signals Vsync2 and Hsync2 and a second clock signal
DCLK2 inputted from the picture quality enhancer 42. The
control signal CS for controlling the gate driver 26 is
comprised of a gate start pulse GSP, a gate shift clock GSC
and a gate output enable signal GOE, etc. Further, the
control signal CS for controlling the data driver 24 is
comprised of a source start pulse SSP, a source shift clock
SSC, a source output enable signal SOE and a polarity signal
POL, etc. The timing controller 30 re-aligns second data Ro,
Go and Bo from the picture quality enhancer 42 to apply
them to the data driver 24.

[0073] The DC/DC converter 34 boosts or drops a voltage
of 3.3V inputted from the power supply 32 to generate a
voltage supplied to the liquid crystal display panel 22. Such
aDC/DC converter 14 generates a gamma reference voltage,
a gate high voltage VGH, a gate low voltage VGL and a
common voltage Vcom.

[0074] The back light unit 38 is comprised of a plurality of
back lights 384 to 38i that overlap with the liquid crystal
display panel 22 as shown in FIG. 3. The back lights 38« to
38i directly apply light to the front side of the liquid crystal
display panel 22 under control of the inverter 36.

[0075] The inverter 36 applies a driving signal (c.g.,
PWM) to each of the back lights 38a to 38i included in the
back light unit 38 control activation/deactivation of the back
lights 384 to 38i. In this case, the inverter 36 sequentially
turns on the back lights 38a to 38i so that motion blur can
be minimized. If the back lights 384 to 38i are sequentially
turned on, then it becomes possible to minimize the motion
blur.

[0076] More specifically, when a moving picture is dis-
played on a cathode ray tube (CRT), motion blur is not
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generated. In other words, since the CRT does not have a
hold characteristic of keeping a picture, it does not generate
motion blur. On the other hand, since the liquid crystal
display panel has a hold characteristic of keeping data
signals (i.c., a sustaining characteristic of a liquid crystal), it
generates motion blur in which a displayed picture is dimly
viewed. Accordingly, the present embodiment sequentially
turns on the back lights 384 to 38i as shown in FIG. 4,
thereby minimizing motion blur from the liquid crystal
display panel 22. The inverter 38 controls turn-on times of
the back lights 38a to 38i in response to a brightness control
signal Dimming from the picture quality enhancer 42 as will
be described in detail later. A turn-on time is the time the
back light is on, rather than the rise time for the back light
to transition from the off to the on state.

[0077] The picture quality enhancer 42 extracts brightness
components for each frame using the first data Ri, Gi and Bi
from the system 40, and generates the second data Ro, Go
and Bo obtained by a change in gray level values of the first
data Ri, Gi and Bi in correspondence with the extracted
brightness components for each frame. In this case, the
picture quality enhancer 42 generates the second data Ro,
Go and Bo such that the contrast is expanded with respect to
the input data Ri, Gi and Bi.

[0078] The picture quality enhancer 42 also generates a
brightness control signal Dimming corresponding to bright-
ness components to apply it to the inverter 36. To accom-
plish this, the picture quality enhancer 42 extracts a control
value capable of controlling the back light (e.g., most
frequent value, that is, a gray level value existing in one
frame most frequently) from the brightness components, and
generates the brightness control signal Dimming using the
extracted control value.

[0079] Moreover, the picture quality enhancer 42 gener-
ates second vertical/horizontal synchronizing signals
Vsync2 and Hsync2, a second clock signal DCLK2 and a
second data enable signal DE2 synchronized with the second
data Ro, Go and Bo with the aid of the first vertical/
horizontal synchronizing signals Vsyncl and Hsyncl, the
first clock signal DCLK1 and the first data enable signal
DE1 inputted from the system 40.

[0080] To this end, as shown in FIG. 5, the picture quality
enhancer 42 includes an image signal modulator 70 for
generating the second data Ro, Go and Bo using the first data
Ri, Gi and Bi, a back light control unit 72 for generating the
brightness control signal Dimming under control of the
image signal modulator 70, and a control unit 68 for
generating the second vertical/horizontal synchronizing sig-
nals Vsync2 and Hsync2, the second clock signal DCLK2
and the second enable signal DE2.

[0081] The image signal modulator 70 extracts brightness
components Y from the first data Ri, Gi and Bi, and
generates second data Ro, Go and Bo in which a contrast is
partially emphasized with the aid of the extracted brightness
components Y. To this end, the image signal modulator 70
includes a brightness/color separator 50, a delay 52, a
brightness/color mixer 54, a histogram analyzer 36 and a
data processor 58.

[0082] The brightness/color separator 50 separates the first
data Ri, Gi and Bi into brightness components Y and
chrominance components U and V. Herein, the brightness
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components Y and the chrominance components U and V
are obtained by the following equations:

Y=0.229xRi+0.587xGi+0.114xBi )
U=0.493%(Bi-Y) )
V=0.887x(Ri-Y) ©)
[0083] The histogram analyzer 56 divides the brightness

components Y into gray levels for each frame. In other
words, the histogram analyzer 56 arranges the brightness
components Y for each frame to correspond to the gray
levels, thereby obtaining a histogram as shown in FIG. 6.
Thus, the shape of the histogram is established in corre-
spondence with brightness components of the first data Ri,
Gi and Bi.

[0084] The data processor 58 generates modulated bright-
ness components YM having an emphasized contrast using
the analyzed histogram from the histogram analyzer 56. The
data processor 58 generates modulated brightness compo-
nents YM by various methods. These methods include those
disclosed in Korean Patent Applications Nos. 2003-036289,
2003-040127, 2003-041127, 2003-80177, 2003-81171,
2003-81172, 2003-81173 and 2003-81175 filed by the appli-
cants, which are herein incorporated by reference in their
entirety into the above-mentioned modulating method of the
data processor 58 such that the contrast can be expanded. In
addition, the data processor 58 can generate the modulated
brightness components YM having an emphasized contrast
by utilizing other known methods.

[0085] The delay 52 delays chrominance components U
and V until the brightness components YM modulated by the
data processor 58 are produced. Then, the delay 52 applies
the delayed chrominance components UD and VD synchro-
nized with the modulated brightness components YM to the
brightness/color mixer 54.

[0086] The brightness/color mixer 54 generates second
data Ro, Go and Bo with the aid of the modulated brightness
components YM and the delayed chrominance components
UD and VD. Herein, the second data Ro, Go and Bo is
obtained by the following equations:

Ro=YM+0.000xUD+1.140xVD O]
Go=YM-0.396xUD-0.581xVD ©)
Bo=YM+2.029xUD+0.000xVD O]
[0087] Since the second data Ro, Go and Bo obtained by

the brightness/color mixer 54 has been produced from the
modulated brightness components YM having an expanded
contrast, they have more expanded contrast than the first
data Ri, Gi and Bi. The second data Ro, Go and Bo produced
such that the contrast can be expanded as mentioned above
is applied to the timing controller 30.

[0088] The control unit 68 receives the first vertical/
horizontal synchronizing signals Vsyncl and Hsyncl, the
first clock signal DCLK1 and the first data enable signal
DEI1 from the system 40. Further, the controller 68 generates
the second vertical/horizontal synchronizing signals Vsync2
and Hsync2, the second clock signal DCLK2 and the second
data enable signal DE2 to be synchronized with the second
data Ro, Go and Bo, and applies them to the timing
controller 30.

[0089] The back light control unit 72 extracts a control
value from the histogram analyzer 56, and generates a
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brightness control signal Dimming using the extracted con-
trol value. The control value can be selected from a most
frequent value or an average value representing an average
gray level of the histogram.

[0090] The back light control unit 72 includes a control
value extractor 60 and a back light controller 64. The control
value extractor 60 cxtracts the most-frequent value or the
average value from the histogram, and applies the extracted
most-frequent value or average value to the back light
controller 64 as a gray level value. If the most-frequent value
is used as the control value, the control value extractor 60
selects the previous most-frequent value or the current
most-frequent value dependent upon the frequency of the
most-frequent value. In one embodiment, the control value
extractor 60 selects a gray level corresponding to the pre-
vious most-frequent value as the control value when the
frequency of the currently extracted most-frequent value is
less than 40% of the total number of values in the histogram
and selects a gray level having the currently extracted
most-frequent value when the frequency of the currently
extracted most-frequent value is 40% or greater of the entire
number of pixels.

[0091] The back light controller 64 generates a brightness
control signal Dimming such that light having brightness
corresponding to the control value can be supplied, to
thereby apply it to the inverter 36. In this case, the back light
control establishes increased turn-on times of the back lights
384 to 38i as the control value increases, whereas it estab-
lishes shorter turn-on times of the back lights 384 to 38i as
the control value decreases.

[0092] More specifically, firstly, the back light controller
64 generates a brightness control signal Dimming such that
turn-on times of the back lights 384 to 38i can be set to a first
time interval T1 as shown in FIG. 7A when the control value
has a low gray level, and applies it to the inverter 36. Then,
the inverter 36 sequentially turns on and off the back lights
38a to 38i such that turn-on times of the back lights 38 to
38i have the first time interval T1.

[0093] The back light controller 64 generates a brightness
control signal Dimming such that turn-on times of the back
lights 38 to 38i can be set to a second time interval T2 (e.g.,
a time interval shorter than one frame interval) having a
larger width than the first time interval T1 as shown in FIG.
7B when the control value has a high gray level, and applies
it to the inverter 36. Then, the inverter 36 sequentially turns
on and off such that turn-on times of the back lights 38« to
38i have the second time interval T2. The controller 64 sets
turn-on times of the back lights 38« to 38i in proportion to
the control value.

[0094] As described above, the present embodiment gen-
erates a histogram using brightness components for one
frame and generates the second data Ro, Go and Bo having
an emphasized contrast using the histogram, so that it can
display more vivid image than previous LCDs. Furthermore,
the present embodiment extracts a control value from an
average histogram and controls brightness of the back lights
38a to 38i with the aid of the extracted control value, thereby
displaying more dynamic and fresh images than previous
LCDs. Moreover, the present embodiment sequentially turns

on the back lights 384 to 38i, thereby minimizing motion
blur.

[0095] FIG. 8 illustrates a picture quality enhancer 42
according to another embodiment of the present invention.
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Elements in FIG. 8 identical to those in FIG. 5 will be
assigned by the same reference numerals and described
briefly below.

[0096] Referring to FIG. 8, the picture quality enhancer
42 according to another embodiment of the present inven-
tion includes an image signal modulator 70 for generating
second data Ro, Go and Bo using first data Ri, Gi and Bi, a
back light control unit 80 for generating a brightness control
signal Dimming under control of the image signal modulator
70, and a control unit 68 for generating second vertical/
horizontal synchronizing signals Vsync2 and Hsync2, a
second clock signal DCLK2 and a second enable signal
DE2.

[0097] The image signal modulator 70 extracts brightness
components Y from the first data Ri, Gi and Bi, and
generates second data Ro, Go and Bo in which a contrast is
partially emphasized with the aid of the extracted brightness
components Y. To this end, the image signal modulator 70
includes a brightness/color separator 50, a delay 352, a
brightness/color mixer 54, a histogram analyzer 56 and a
data processor 58.

[0098] The brightness/color separator 50 separates the first
data Ri, Gi and Bi into brightness components Y and
chrominance components U and V with the aid of the above
equations (1) through (3). The histogram analyzer 56 divides
the brightness components Y into gray levels for each frame
to generate a histogram. The data processor 58§ generates
modulated brightness components YM having an empha-
sized contrast using the analyzed histogram from the histo-
gram analyzer 56.

[0099] The delay 52 delays chrominance components U
and V until the brightness components YM modulated by the
data processor 58 are produced. Then, the delay 52 applies
the delayed chrominance components UD and VD synchro-
nized with the modulated brightness components YM to the
brightness/color mixer 54. The brightness/color mixer 54
generates second data Ro, Go and Bo with the aid of the
modulated brightness components YM and the delayed
chrominance components UD and VD. In this case, since the
second data Ro, Go and Bo has been produced from the
modulated brightness components YM having an expanded
contrast, they have more expanded contrast than the first
data Ri, Gi and Bi. The second data Ro, Go and Bo produced
from the brightness/color mixer 54 is applied to the timing
controller 30.

[0100] The control unit 68 receives the first vertical/
horizontal synchronizing signals Vsyncl and Hsyncl, the
first clock signal DCLK1 and the first data enable signal
DEI1 from the system 40. Further, the controller 68 generates
the second vertical/horizontal synchronizing signals Vsync2
and Hsync2, the second clock signal DCLK2 and the second
data enable signal DE2 in such a manner to be synchronized
with the second data Ro, Go and Bo, and applies them to the
timing controller 30.

[0101] The back light control unit 72 extracts a control
value from the histogram analyzer 56, and generates a
brightness control signal Dimming using the extracted con-
trol value. Herein, the control value is generated by a
plurality of image determination factors.

[0102] To this end, the back light control unit 80 includes
a weighting value assigner 84, a control value generator 82
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and a back light controller 86. The control value generator
82 extracts a plurality of image determination factors from
the histogram produced by the histogram analyzer 56. The
histogram determination factors include an average value, a
most-frequent value, a middle-position value, an intermedi-
ate value, a maximum value, a minimum value and a range
value of the histogram.

[0103] The average value is the average value of the
histogram gray levels, i.e., the average value of gray levels
for one frame. The most-frequent value is the most numer-
ous gray level value in the frame. The middle-position value
is the value located at the middle portion when the gray level
values appearing in the histogram are listed in accordance
with the frequency number thereof. For instance, if the gray
levels in the histogram having a gray level ‘1’ three times,
a gray level 2’ once, a gray level ‘3’ twice and a gray level
‘4’ once are listed in the frequency number thereof, then a
value of “1112334” appears. Since a value positioned at the
middle portion is ‘2°, the middle-position value is selected
as ‘2’. The intermediate value is an intermediate gray level
value appearing between the maximum gray level value and
the minimum gray level value. The maximum value is a
maximum gray level value appearing in the histogram. The
minimum value is a minimum gray level value appearing in
the histogram. The range value is the range of the gray level
values appearing in the histogram and is obtained by sub-
tracting the minimum value from the maximum value.

[0104] The weighting value assigner 84 assigns a prede-
termined weighting value to a plurality of image determi-
nation factors extracted by the control value generator 82. In
this case, the weighting value assigner 84 assigns a high
weighting value to determination factors that more appro-
priately represent a characteristic of the image such that an
optimum control value can be extracted.

[0105] For instance, the weighting value assigner 84
assigns a high weighting value (of, for example, 1.15) for the
average value and the most-frequent value while assigning
a middle weighting value for the range value. Further, the
weighting value assigner 84 assigns a low weighting value
to the maximum value, the minimum value, the middle-
position value and the intermediate value. Weighting values
assigned for those characteristics of the histogram having
similar types of weighting values (e.g. high, middle, low)
can be equal or different with respect to each other. This is
to say that, for example, the weighting values assigned to the
average value and the most-frequent value, both of which
have high weighting values, may both be 1.15 or only one
may be 1.15 and the other may be a different high value.

[0106] Further, the weighting value assigner 84 assigns a
middle weighting value (e.g. a weighting value of 1.1) to the
range value representing a characteristic of range in the
histogram. Moreover, the weighting value assigner 84 can
assign a low weighting value (e.g., a weighting value of 0.9)
to the maximum value, the minimum value, the middle-
position value and the intermediate value.

[0107] After weighting values are assigned to the image
determination factors, the control value generator 82 gen-
erates a control value by summing all of the determination
factors assigned with the weighing values and dividing the
summed value by the number of determination factors. For
example, if values of the determination factor assigned with
the weighting value have a most-frequent value of 100, an
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average value of 90, a range value of 130, a maximum value
of 200, a minimum value of 70, a middle-position value of
104 and an intermediate value of 140, then the control value
generator 82 generates a control value of 117 and applies it
to the back light controller 86.

[0108] The back light controller 86 generates a brightness
dimming signal Dimming such that a light having brightness
corresponding to the control value can be supplied, and then
applies it to the inverter 36.

[0109] In this case, the back light controller 86 linearly
increases/decreases turn-on times of the back lights 38a to
38i in correspondence with the gray level of the control
value when the control value is located in the minimum area
as shown in FIG. 9A, that is, in proportion to a gray level.
For instance, when the control value is positioned at the
minimum area, the back light controller 86 can set turn-on
times of the back lights 384 to 38i to a first time T1 as shown
in FIG. 7A. If turn-on times of the back lights 38a to 38i are
relatively small when the control value is positioned in the
minimum area, then it becomes possible to minimize the
motion blur (ie., to increase turn-off times of the back
lights) and display an image having a low brightness on the
liquid crystal display panel 22.

[0110] Further, the back light controller 86 sets turn-on
times of the back lights 384 to 38i to be relatively large when
the control value is positioned in the maximum area. More-
over, the back light controller 86 linearly increases/de-
creases turn-on times of the back lights 38a to 38i in
correspondence with the gray level of the control value, that
is, in proportion to the gray level when the control value is
positioned in the maximum area. For instance, when the
control value is positioned at the maximum area, the back
light controller 86 can set turn-on times of the back lights
38a to 38i to a second time interval T2. If turn-on times of
the back lights 384 to 38/ are sct to a relatively long time
when the control value is positioned in the maximum area,
then it becomes possible to display an image having a high
brightness in correspondence with the data.

[0111] In addition, the back light controller 86 sets turn-on
times of the back lights 38a to 38i to a value between a
turn-on time in the minimum area and a turn-on time in the
maximum area when the control value is positioned in the
middle area. Further, the back light controller 86 controls the
back lights 384 to 38i to always have a constant turn-on time
irrespective of the gray level of the control value. For
instance, when the control value is positioned at the middle
area, the back light controller 86 can set turn-on times of the
back lights 38a to 38i to have a turn-on time during a time
between the first interval T1 and the second interval T2.
Meanwhile, in the present embodiment, gray level values in
the minimum area, the middle area and the maximum area
are experimentally determined such that a vivid image can
be implemented. In other words, the gray level values in the
minimum area, the middle area and the maximum area are
experimentally determined in consideration of length (i.c., in
inches, cm or other units), resolution and installation equip-
ment, etc. of the liquid crystal display panel. Herein, the
back light controller 64 shown in FIG. § also can control
turn-on times of the back lights as shown in FIG. 9A.

[0112] Alternatively, the back light controller 86 can gen-
erate a brightness control signal Dimming such that turn-on
time of the back lights 38a to 38 can be increased or
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decreased in proportion to the gray level of the control value
as shown in FIG. 9B. Minimum brightness values (or
minimum turn-on times) L-minl and L-min2 that can be
controlled by the back light controller 86 are experimentally
set.

[0113] The inverter 36 sequentially turns on and off the
back lights 38a to 38i while controlling turn-on times of the
back lights 38a to 38i in response to the brightness control
signal Dimming.

[0114] As described above, according to the present inven-
tion, the histogram is produced with the aid of brightness
components for one frame and the second data having an
emphasized contrast, so that it becomes possible to display
a vivid image. Furthermore, according to the present inven-
tion, a control value is extracted from the histogram and
turn-on times of the back lights are controlled with the aid
of the control value (i.e., brightness is controlled), so that it
becomes possible to form a dynamic and fresh image.
Moreover, according to the present invention, the back lights
are sequentially turned on, thereby minimizing motion blur.

[0115] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are
possible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

What is claimed is:

1. A method of driving a liquid crystal display having a
liquid crystal display panel and a plurality of lamps that
overlap with the liquid crystal display panel, the method
comprising:

(A) converting data into brightness components to pro-
duce a histogram for each frame;

(B) extracting a control value from the histogram; and

(O) controlling turn-on times of the plurality of lamps

dependent upon the control value.

2. The method of claim 1, further comprising increasing
the turn-on times of the lamps as a gray level of the control
value increases and decreasing the turn-on times of the
lamps as the gray level of the control value decreases.

3. The method of claim 1, wherein (C) includes dividing
a range of gray levels into which a gray level of the control
value may fall into a plurality of areas and setting the turn-on
times of the lamps for each area to different values.

4. The method of claim 3, further comprising dividing the
areas into a minimum area including low gray levels, a
middle area including middle gray levels and a maximum
area including high gray levels.

5. The method of claim 4, further comprising setting the
turn-on times of the lamps to a first time interval when the
control value is positioned in the middle area.

6. The method of claim 5, further comprising turning on
the lamps during a time shorter than the first time interval
when the control value is positioned in the minimum area.

7. The method of claim 6, further comprising controlling
the turn-on time in proportion to the gray level of the control
value when the control value is positioned in the minimum
area.
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8. The method of claim 5, further comprising turning on
the lamps during a time longer than the first time interval
when the control value is positioned in the maximum area.

9. The method of claim 6, further comprising controlling
the turn-on time in proportion to the gray level of the control
value when the control value is positioned in the maximum
area.

10. The method of claim 1, further comprising sequen-
tially turning on the lamps.

11. The method of claim 1, further comprising selecting
the control value from an average value representing an
average gray level of the histogram or a most-frequent value
representing the most numerous gray level of the histogram.

12. The method of claim 11, further comprising deter-
mining a frequency of the most-frequent value and selecting
the most-frequent value of a previous histogram or the
most-frequent value of the present histogram.

13. The method of claim 12, further comprising selecting
the previous most-frequent value as the control value when
the frequency of the current most-frequent value is less than
40% of a total number of values in the frame and otherwise
selecting the current most-frequent value.

14. The method of claim 1, wherein (B) includes:

extracting a plurality of image determination factors from
the histogram;

assigning a weighting value to the image determination
factors; and

generating the control value using the image determina-
tion factors to which the weighting value has been
assigned.

15. The method of claim 14, further comprising;

determining a maximum gray level value of the histogram
and a minimum gray level value of the histogram;

subtracting the minimum value from the maximum value
to determine a range and a range value of the gray level
values appearing in the histogram;

listing the gray level values from the minimum value to
the maximum value in a list, duplicating particular gray
level values in the list dependent on the frequency in
the histogram, and determining a median gray level
value of the list; and

using as the image determination factors: an average
value of the histogram gray level, a most-frequent
value representing the most numerous gray level in the
histogram, the maximum gray level value, the mini-
mum gray level value of the histogram, the range value,
an intermediate value between the maximum gray level
value and the minimum gray level value, and the
median gray level value.

16. The method of claim 15, wherein assigning the

weighting value includes:

assigning a high weighting value to the average value and
the most-frequent value;

assigning a weighting value lower than the average value
and the most-frequent value to the range value; and

assigning a weighting value lower than the range value to
the minimum gray level value, the maximum gray level
value, the median value and the intermediate value.
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17. The method of claim 15, wherein generating the
control value includes generating the control value by sum-
ming the image determination factors to which the weight-
ing values have been assigned and then dividing the summed
value by the number of image determining factors.

18. The method of claim 1, further comprising:

generating modulated brightness components having an
expanded contrast using the histogram; and

generating output data using the modulated brightness
components.
19. A driving apparatus for a liquid crystal display,
comprising:

a brightness/color separator for converting inputted data
into brightness components and chrominance compo-
nents;

a histogram analyzer for converting the brightness com-
ponents into a histogram for each frame; and

a back light control unit for controlling turn-on times of
a plurality of lamps using the analyzed histogram from
the histogram analyzer.

20. The driving apparatus of claim 19, further comprising
an inverter for controlling the turn-on times of the plurality
of lamps in response to a brightness control signal from the
back light control unit.

21. The driving apparatus of claim 20, wherein the
inverter sequentially turns on the plurality of lamps.

22. The driving apparatus of claim 19, wherein the back
light control unit includes:

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

a back light controller for generating a brightness control
signal in correspondence with the extracted control
value from the control value extractor.

23. The driving apparatus of claim 22, wherein the back
light controller generates the brightness control signal such
that the turn-on times of the lamps increase as a gray level
of the control value increases and decrease as the gray level
of the control value decreases.

24. The driving apparatus of claim 22, wherein the back
light controller generates the brightness control signal such
that a gray level of the control value falls into one of a
plurality of arcas and the turn-on times of the lamps is
different for each area.

25. The driving apparatus of claim 24, wherein the back
light controller divides the areas into a minimum area of low
gray levels, a middle area of middle gray levels and a
maximum area of high gray levels.

26. The driving apparatus of claim 25, wherein, when the
control value from the control value extractor is positioned
in the middle area, the back light controller generates the
brightness control signal such that the turn-on times of the
lamps are set to a first time interval.

27. The driving apparatus of claim 26, wherein, when the
control value from the control value extractor is positioned
in the minimum area, the back light controller generates the
brightness control signal such that the lamps are turned on
during a time shorter than the first time interval.

28. The driving apparatus of claim 27, wherein, when the
control value from the control value extractor is positioned
in the maximum area, the back light controller generates the



US 2005/0140639 Al

brightness control signal such that the turn-on time is
controlled in proportion to the gray level of the control
value.

29. The driving apparatus of claim 26, wherein, when the
control value from the control value extractor is positioned
in the maximum area, the back light controller generates the
brightness control signal such that the lamps are turned on
during a time longer than the first time interval.

30. The driving apparatus of claim 29, wherein, when the
control value is positioned in the maximum area, the back
light control unit generates the brightness control signal such
that the turn-on time is controlled in proportion to a gray
level of the control value.

31. The driving apparatus of claim 22, wherein the control
value extractor extracts a most-frequent value representing a
most numerous gray level in the histogram.

32. The driving apparatus of claim 31, wherein, the
control value extractor selects a previous most-frequent
value as the control value when the frequency of a currently
extracted most-frequent value is less than 40% of the total
number of values in the frame and otherwise selects the
currently extracted most-frequent value as the control value.

33. The driving apparatus of claim 19, wherein the back
light control unit includes:

a control value generator for extracting a plurality of
image determination factors from the histogram and for
generating a first control value using the image deter-
mination factors;

a weighting value assigner for assigning a weighting
value to the plurality of image determination factors,
and

a back light controller for generating a second control
value using the image determination factors in corre-
spondence with the first control value.

34. The driving apparatus of claim 33, wherein the control
value generator extracts an average value representing an
average of the histogram gray level, a most-frequent value
representing a most numerous gray level in the histogram
and a median gray level value of the histogram from a list
of gray level values listed from a minimum gray level value
to a maximum gray level value in which particular gray level
values are duplicated dependent on the frequency in the
histogram, the image determination factors include a
middle-position value located at a median of the list, the
maximum gray level value of the histogram, the minimum
gray level value of the histogram, a range value representing
a range between the maximum gray level value and the
minimum gray level value and an intermediate value
between the maximum gray level value and the minimum
gray level value.

35. The driving apparatus of claim 34, wherein the
weighting value assigner assigns a high weighting value to
the average value and the most-frequent value; a weighting
value lower than the average value and the most-frequent
value to the range value; and a weighting value lower than
the range value to the minimum gray level value, the
maximum gray level value, the middle-position value and
the intermediate value.

36. The driving apparatus of claim 33, wherein the control
value generator generates the first control value by summing
the image determination factors to which the weighting
values have been assigned and then dividing the summed
value by the number of the image determining factors.
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37. The driving apparatus of claim 19, further comprising:

a data processor for generating modulated brightness
components having an expanded contrast using the
analyzed histogram from the histogram analyzer;

delay means for delaying the chrominance components
until the modulated brightness components are gener-
ated from the data processor; and

a brightness/color mixer for generating output data using
the modulated brightness components and the delayed
chrominance components from the delay means.

38. A method of driving a plurality of lamps in a liquid

crystal display during display of a frame, the method com-
prising:

converting data for display into brightness components;

extracting a control value from a statistic of the brightness
components; and

controlling turn-on times of the plurality of lamps depen-

dent upon the control value.

39. The method of claim 38, further comprising setting
equal turn-on times for the lamps.

40. The method of claim 38, further comprising setting
different turn-on times for the lamps.

41. The method of claim 38, further comprising tuning on
the lamps sequentially from one end of the liquid crystal
display to an opposing end of the liquid crystal display.

42. The method of claim 38, further comprising altering
the data before displaying the altered data to expand a
contrast of the display.

43. The method of claim 38, further comprising control-
ling the turn-on times of the lamps to be proportional to the
control value.

44. The method of claim 38, further comprising estab-
lishing minimum and maximum turn-on times of the lamps
beyond which the turn-on times of the lamps are constant
irrespective of the control value.

45. The method of claim 38, further comprising dividing
a range of values into which the control value may fall into
aplurality of areas in which dependency of the turn-on times
of the plurality of lamps on the control value differs between
areas.

46. The method of claim 45, further comprising setting the
turn-on times to be proportional to the control value in one
of the areas.

47. The method of claim 46, further comprising setting the
turn-on times to be proportional to the control value in
multiple areas.

48. The method of claim 45, further comprising setting the
turn-on times to a constant value irrespective of the control
value in a first of the areas.

49. The method of claim 48, further comprising setting the
turn-on times to be proportional to the control value in a
second of the areas.

50. The method of claim 48, further comprising setting the
turn-on times to be proportional to the control value in
multiple areas.

51. The method of claim 50, further comprising surround-
ing the first area by the multiple areas.

52. The method of claim 38, further comprising compar-
ing a particular statistic of the frame to a similar particular
statistic of a previous frame and selecting one of the par-
ticular statistics to determine the control value.
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53. The method of claim 52, further comprising selecting
the particular statistic used to determine the control value
based solely on characteristics of the particular statistic of
the frame.

55. The method of claim 38, further comprising:

extracting a plurality of image determination factors from
the statistics;

assigning a weighting value to the image determination
factors to form weighted determination factors; and

generating the control value using the weighted image

determination factors.

56. The method of claim 55, further comprising summing
the weighted image determination factors and then dividing
the summed value by the number of image determining
factors to generate the control value.

57. The method of claim 38, further comprising:

generating modulated brightness components having an
expanded contrast using the statistics; and

generating output data using the modulated brightness
components.
58. A method of driving a plurality of lamps in a liquid
crystal display during display of a frame, the method com-
prising:

converting data for display into brightness components;

extracting a control value from a statistic of the brightness
components;

controlling turn-on times of the plurality of lamps depen-
dent upon the control value; and

dividing a range of values into which the control value
may fall into a plurality of areas in which dependency
on the control value of the turn-on times of the plurality
of lamps differs between areas.

59. The method of claim 58, further comprising setting
equal turn-on times for the lamps.

60. The method of claim 58, further comprising setting
different turn-on times for the lamps.

61. The method of claim 58, further comprising tuning on
the lamps sequentially from one end of the liquid crystal
display to an opposing end of the liquid crystal display.

62. The method of claim 58, further comprising setting
dependency of the turn-on times to be proportional to the
control value in one of the areas.

62. The method of claim 58, further comprising setting
dependency of the turn-on times to be a constant value
independent of the control value in one of the areas.
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63. The method of claim 58, further comprising compar-
ing a particular statistic of the frame to a similar particular
statistic of a previous frame and selecting one of the par-
ticular statistics to determine the control value.

64. The method of claim 63, further comprising selecting
the particular statistic used to determine the control value
based solely on characteristics of the particular statistic of
the frame.

65. A method of driving a plurality of lamps in a liquid
crystal display during display of a frame, the method com-
prising:

converting data for display into brightness components;

extracting image determination factors from statistics of
the brightness components;

assigning a weighting value to the image determination
factors to form weighted determination factors;

generating a control value using the weighted image
determination factors; and

controlling turn-on times of the plurality of lamps depen-

dent upon the control value.

66. The method of claim 65, further comprising summing
the weighted image determination factors and then dividing
the summed value by the number of image determining
factors to generate the control value.

67. The method of claim 65, further comprising setting
equal turn-on times for the lamps.

68. The method of claim 65, further comprising setting
different turn-on times for the lamps.

69. The method of claim 65, further comprising tuning on
the lamps sequentially from one end of the liquid crystal
display to an opposing end of the liquid crystal display.

70. The method of claim 65, further comprising estab-
lishing minimum and maximum turn-on times of the lamps
beyond which the turn-on times of the lamps are constant
irrespective of the control value.

71. The method of claim 65, further comprising compar-
ing a particular statistic of the frame to a similar particular
statistic of a previous frame and selecting one of the par-
ticular statistics to determine the control value.

72. The method of claim 71, further comprising selecting
the particular statistic used to determine the control value
based solely on characteristics of the particular statistic of
the frame.
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