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FIG. 7C

SP1,pixel SP2

® 2

—+—— Interpolation area

% %,

SP3 SP4




Patent Application Publication = May 26, 2011 Sheet 9 of 9 US 2011/0122057 A1

FIG. 8

Input digital video data l-——— 510

y

Map digital video data to each block |———520

Y
Adjust dimming value of each block |———S30

Y

Obtain total amount of [ight reaching L 550
sampling position in local dimming

/

Calculate sampling gain value of
sampling position

——~—— S60

Y

Determine gain value of
each pixel through interpolation

———$§70

Y Y

Modulate digital video data Determine duty ratio of PWM signal
based on gain value 7

540
$80



US 2011/0122057 Al

LIQUID CRYSTAL DISPLAY AND LOCAL
DIMMING CONTROL METHOD OF
THEREOF

[0001] This application claims the benefit of Korea Patent
Application No. 10-2009-0113943 filed on Nov. 24, 2009,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Embodiments ofthe invention relateto a liquid crys-
tal display and a local dimming control method thereof
capable of improving image quality.

[0004] 2. Discussion of the Related Art

[0005] A rangeofapplication for liquid crystal displays has
gradually widened because of its excellent characteristics
such as light weight, thin profile, and low power consump-
tion. The liquid crystal displays have been used in personal
computers such as notebook PCs, office automation equip-
ments, audio/video equipments, interior/outdoor advertising
display devices, and the like. The liquid crystal displays dis-
play an image using a thin film transistor (TFT) as a switching
element. A backlit liquid crystal display occupying most of
the liquid crystal displays controls an electric field applied to
a liquid crystal layer and modulates light coming from a
backlight unit, thereby displaying an image.

[0006] The image quality of the liquid crystal display
depends on its contrast characteristic. It is limited to improve
the contrast characteristic using only a method for controlling
a data voltage applied to the liquid crystal layer and modu-
lating a light transmittance of the liquid crystal layer. As a
solution thereto, a backlight dimming method has been pro-
posed so as to improve the contrast characteristic. The back-
light dimming method adjusts a luminance of a backlight unit
depending on an image displayed on the liquid crystal dis-
play. The backlight dimming method includes a global dim-
ming method for adjusting a luminance of the entire display
surface of the liquid crystal display and a local dimming
method for locally controlling a luminance of the display
surface of the liquid crystal display. The global dimming
method can improve a dynamic contrast ratio measured
between two adjacent frames. The local dimming method can
locally control the luminance of the display surface of the
liquid crystal display within one frame period, thereby
improving a static contrast ratio which is difficult to improve
using the global dimming method.

[0007]  As showninFIG. 1, thelocal dimming method maps
input data to a plurality of imaginary blocks BLK divided
from a display surface of a liquid crystal display panel in a
matrix form and obtains a representative value of the input
data in each of the blocks BLK. The local dimming method
adjusts a dimming value of each block BLK based on the
representative value of each block BLK, thereby locally con-
trolling a luminance of a backlight unit (i.e., light sources of
the backlight unit). Further, the local dimming method mul-
tiplies the input data by a predetermined pixel gain value so as
to compensate for a deficiency of the luminance of the back-
light unit resulting from the adjustment of the dimming value
of each block BLK, thereby compensating for the input data.
[0008] The pixel gain value is determined based on data
required to allow a luminance obtained from a total amount of
light (i.e., an amount of light in dimming) reaching a corre-
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sponding pixel in the local dimming using a dimming value of
a block including the corresponding pixel to be equal to a
luminance obtained from a total amount of light (i.e., an
amount of light in non-dimming) reaching the corresponding
pixel in non-local dimming. The pixel gain value is calculated
by a ratio of the amount of light in the non-dimming to the
amount of light in the dimming. The amount of light in the
non-dimming indicates an amount of light reaching a corre-
sponding pixel when all of the light sources are turned on at a
maximum brightness and may be previously determined as a
constant value for each pixel. As shown in FIG. 2, the amount
of light in the dimming may be determined by a total amount
of light reaching the corresponding pixel in an analysis area of
size PxP surrounding a block including the corresponding
pixel in the local dimming in a state where the block is
positioned in the middle of the analysis area, where P indi-
cates the number of blocks and is an odd number equal to or
greater than 3.

[0009] However, as shown in FIG. 1, an operation for
obtaining the pixel gain value has to be individually per-
formed on all of the pixels and has to be performed in real-
time. Therefore, the size of an algorithm of the operation for
achieving the local dimming greatly increases.

SUMMARY OF THE INVENTION

[0010] Embodiments of the invention provide a liquid crys-
tal display and a local dimming control method thereof
capable of reducing the size of an operation algorithm for
achieving local dimming.

[0011] In one aspect, there is a liquid crystal display com-
prising a liquid crystal display panel including a plurality of
pixels, a backlight unit including a plurality of light sources,
the backlight unit providing light to the liquid crystal display
panel, a backlight driving circuit that individually drives a
plurality of previously determined blocks each including the
light sources based on a dimming value of each of the blocks,
and a local dimming control circuit that adjusts the dimming
value of each block based on the result of an analysis of input
data, calculates and interpolates sampling gain values of pre-
determined sampling positions positioned inside each block
so as to compensate for a change amount of a luminance
resulting from the dimming value of each block, obtains a
gain value of each pixel, and modulate the input data to be
applied to each pixel based on the gain value of each pixel.
[0012] A number of sampling positions in each block are
previously determined to be less than a number of pixels in
each block.

[0013] The local dimming control circuit includes a dim-
ming value adjusting unit that analyzes the input data of each
block to obtain a representative value of each block and
determines the dimming value of each block based on the
representative value of each block, a light amount obtaining
unit that obtains a first light amount indicating a total amount
of light reaching the sampling positions when the dimming
value of each block is applied, a gain value sampling unit that
calculates a sampling gain value of each of the sampling
positions using the first light amount and a second light
amount indicating a total amount of light reaching the sam-
pling positions when the dimming value of each block is not
applied, a gain value interpolating unit that interpolates the
sampling gain values to obtain a gain value of each pixel, and
a data modulating unit that modulates the input data based on
the gain value of each pixel.
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[0014] The first light amount is a variable determined by a
total amount oflight reaching a corresponding sampling posi-
tion in an analysis area of size PxP surrounding a block
including the corresponding sampling position in a state
where the block is positioned in the middle of the analysis
area, where P indicates the number of blocks and is an odd
number equal to or greater than 3. The second light amount is
a constant previously determined by a total amount of light
reaching the corresponding sampling position when all of the
light sources of the backlight unit are turned on at a maximum
brightness.

[0015] The gain value sampling unit divides the second
light amount by the first light amount and performs an expo-
nential operation of 1/y on the division result, thereby obtain-
ing the sampling gain value. The sampling gain value is
calculated as a value for allowing a luminance before the
dimming value of each block is applied to the corresponding
sampling position to be equal to a luminance after the dim-
ming value of each block is applied to the corresponding
sampling position.

[0016] In another aspect, there is a local dimming control
method of a liquid crystal display including a liquid crystal
display panel including a plurality of pixels and a plurality of
light sources providing light to the liquid crystal display
panel, a plurality of previously determined blocks each
including thelight sources being individually driven, the local
dimming control method comprising the steps of (A) adjust-
ing a dimming value of each block for the light sources based
on the result of an analysis of input data and (B) calculating
and interpolating sampling gain values of predetermined
sampling positions positioned inside each block so as to com-
pensate for a change amount of a luminance resulting from
the dimming value of each block, obtaining a gain value of
each pixel, and modulating the input data to be applied to each
pixel based on the gain value of each pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Theaccompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0018] FIG. 1 illustrates a method for calculating a pixel
gain value of each pixel in a related art;

[0019] FIG. 2 illustrates an analysis area of size PxP sur-
rounding a block including a corresponding pixel, where P is
the number of blocks;

[0020] FIG. 3 illustrates a liquid crystal display according
to an exemplary embodiment of the invention;

[0021] FIG. 4 illustrates an exemplary configuration of a
local dimming control circuit;

[0022] FIG. 5 illustrates an example of dividing a surface
light source into blocks for achieving local dimming;

[0023] FIG. 6 illustrates a method for calculating a pixel
gain value in sampling positions;

[0024] FIGS. 7A to 7C illustrate various examples of inter-
polation; and

[0025] FIG. 8illustrates a local dimming control method of
a liquid crystal display according to an exemplary embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0026] Reference will now be made in detail embodiments
of the invention examples of which are illustrated in the
accompanying drawings.
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[0027] FIG. 3 illustrates a liquid crystal display according
to an exemplary embodiment of the invention. As shown in
FIG. 3. a liquid crystal display according to an exemplary
embodiment of the invention includes a liquid crystal display
panel 10, a timing controller 11, a data driving circuit 12, a
gate driving circuit 13, a local dimming control circuit 14, a
backlight driving circuit 15, and a backlight unit 16.

[0028] The liquid crystal display panel 10 includes an
upper glass substrate, a lower glass substrate, and a liquid
crystal layer between the upper and lower glass substrates. A
plurality of data lines DL and a plurality of gate lines GL cross
one another on the lower glass substrate of the liquid crystal
display panel 10. A plurality of liquid crystal cells Clc are
arranged on the liquid crystal display panel 10 in a matrix
form in accordance with a crossing structure of the data lines
DL and the gate lines GL. Each of the plurality of liquid
crystal cells Cle includes a thin film transistor TFT, a pixel
electrode 1 connected to the thin film transistor TFT, a storage
capacitor Cst, and the like.

[0029] A black matrix, a color filter, and a common elec-
trode 2 are formed on the upper glass substrate of the liquid
crystal display panel 10. In a vertical electric field driving
manner such as a twisted nematic (TN) mode and a vertical
alignment (VA) mode, the common electrode 2 is formed on
the upper glass substrate. In a horizontal electric field driving
manner such as an in-plane switching (IPS) mode and a fringe
field switching (FFS) mode, the common electrode 2 is
formed on the lower glass substrate along with the pixel
electrode 1. The plurality of liquid crystal cells Clc include
red (R) liquid crystal cells for displaying a red image, green
(G) liquid crystal cells for displaying a green image, and blue
(B) liquid crystal cells for displaying a blue image. The R, G,
and B liquid crystal cells form a unit pixel. Polarizing plates
are respectively attached to the upper and lower glass sub-
strates of the liquid crystal display panel 10. Alignment layers
for setting a pre-tilt angle of liquid crystals are respectively
formed on the inner surfaces contacting the liquid crystals in
the upper and lower glass substrates.

[0030] The timing controller 11 supplies digital video data
RGB received from a system board, on which an external
video source is mounted, to the local dimming control circuit
14 and supplies a modulation data R'G'B' modulated by the
local dimming control circuit 14 to the data driving circuit 12.
The timing controller 11 receives timing signals Vsync,
Hsync, DE, and DCLK from the system board to generate a
data timing control signal DDC and a gate timing control
signal GDC for respectively controlling operation timings of
the data driving circuit 12 and the gate driving circuit 13 based
on the timing signals Vsync, Hsyne, DE, and DCLK. The
timing controller 11 inserts an interpolation frame between
frames ofa signal ofan inputimage input at a frame frequency
of 60 Hz and multiplies the frequency of the data timing
control signal DDC by the frequency of the gate timing con-
trol signal GDC. Hence, the timing controller 11 can control
operations of the data driving unit 12 and the gate driving unit
13 at a frame frequency of (60xN) Hz, where N is a positive
integer equal to or greater than 2.

[0031] The data driving circuit 12 includes a plurality of
data driver integrated circuits (ICs). Each of the data driver
ICs includes a shift register for sampling a clock, a register for
temporarily storing the digital video data RGB, a latch that
stores data corresponding to one line in response to the clock
received from the shift register and simultaneously outputs
the data each corresponding to one line, a digital-to-analog
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converter (DAC) for selecting positive and negative gamma
voltages based on a gamma reference voltage corresponding
to the digital data received from the latch, a multiplexer for
selecting the data line DL receiving analog data converted
from the positive and negative gamma voltages, an output
buffer connected between the multiplexer and the data lines
DL, and the like. The data driving circuit 12 latches the
modulation data R'G'B' under the control of the timing con-
troller 11 and converts the latched modulation data R'G'B'
into positive and negative analog data voltages using positive
and negative gamma compensation voltages. The data driving
circuit 12 then supplies the positive and negative analog data
voltages to the data lines DL.

[0032] The gate driving circuit 13 includes a plurality of
gate driver ICs. Each of the gate driver ICs includes a shift
register, a level shifter for converting an output signal of the
shift register into a swing width suitable fora TFT drive of the
liquid crystal cells, an output buffer, and the like. The gate
driving circuit 13 sequentially outputs a gate pulse (or a scan
pulse) under the control of the timing controller 11 and sup-
plies the gate pulse to the gate lines GL. Hence, a horizontal
line to receive the data voltage is selected.

[0033] The local dimming control circuit 14 analyzes the
digital video data RGB received from the timing controller 11
in each of a plurality of imaginary blocks divided from a
display surface of the liquid crystal display panel 10 in a
matrix form to obtain a representative value of each of the
blocks. The local dimming control circuit 14 adjusts a dim-
ming value of each block of the backlight unit 16 based on the
representative value of each block. The local dimming control
circuit 14 calculates a sampling gain value in predetermined
sampling positions inside each block, so as to compensate for
a deficiency of a luminance of the backlight unit 16 resulting
from the adjustment of the dimming value of each block using
pixel data. The local dimming control circuit 14 interpolates
the sampling gain value to determine a gain value of each
pixel and then modulates the digital video data RGB to be
applied to each pixel based on the determined pixel gain
value.

[0034] The backlight driving circuit 15 drives a plurality of
light sources of the backlight unit 16 based on a duty ratio of
a pulse width modulation (PWM) signal received from the
local dimming control circuit 14. In this case, the backlight
driving circuit 15 individually drives the plurality of blocks
each including the light sources. The duty ratio of the PWM
signal is determined based on the dimming value of each
block. Turn-on times and turn-off times of the light sources
are controlled based on the duty ratio of the PWM signal.

[0035] The backlight unit 16 includes the plurality of light
sources and divides a surface light source providing light to
the liquid crystal display panel 10 into the plurality of blocks
in a matrix form. The backlight unit 16 may be one of an edge
type backlight unit and a direct type backlight unit. In the
direct type backlight unit 16, a plurality of optical sheets and
a diffusion plate are stacked under the liquid crystal display
panel 10 and the plurality of light sources are positioned
under the diffusion plate. In the edge type backlight unit 16, a
plurality of optical sheets and a light guide plate are stacked
under the liquid crystal display panel 10 and the plurality of
light sources are positioned at the sides of the light guide
plate. The plurality of light sources of the backlight unit 16
may be a point light source such as a light emitting diode
(LED).
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[0036] FIG. 4 illustrates an exemplary configuration of the
local dimming control circuit 14. As shown in FIG. 4, the
local dimming control circuit 14 includes a dimming value
adjusting unit 141, a duty ratio adjusting unit 142, a light
amount obtaining unit 143, a gain value sampling unit 144, a
gain value interpolating unit 145, and a data modulating unit
146.

[0037] As shown in FIG. 5, the dimming value adjusting
unit 141 analyzes the digital video data RGB in each of a
plurality of imaginary blocks BLK[1,1] to BLK[n,m] divided
from the display surface of the liquid crystal display panel 10
in a matrix form to obtain a representative value of each of the
blocks BLK[1,1] to BLK[n,m]. More specifically, the dim-
ming value adjusting unit 141 obtains a maximum gray value
from the digital video data RGB of each of pixels included in
each block and divides a sum of maximum gray values of the
pixels of each block by the number of pixels included in each
block, thereby obtaining the representative value of each
block. The dimming value adjusting unit 141 maps the rep-
resentative value of each block to a previously determined
dimming curve and adjusts a dimming value DIM of each
block. The dimming value DIM of each block may be pro-
portional to the representative value of each block.

[0038] The duty ratio adjusting unit 142 adjusts the duty
ratio of the PWM signal for each block based on the dimming
value DIM of each block received from the dimming value
adjusting unit 141 and then supplies the PWM signal having
the adjusted duty ratio to the backlight driving circuit 15. The
duty ratio of the PWM signal of each block may be propor-
tional to the dimming value DIM of each block. As the duty
ratio of the PWM signal increases, a brightness of the light
sources increases, and as the duty ratio of the PWM signal
decreases, the brightness of the light sources decreases. The
duty ratio adjusting unit 142 may be included in the backlight
driving circuit 15.

[0039] As shown in FIG. 6, the light amount obtaining unit
143 previously determines a plurality of sampling positions
in each block, wherein the number of sampling positions in
each block is less than the number of pixels in each block. The
light amount obtaining unit 143 obtains an amount of light
(i.e., an amount of light in dimming) reaching each sampling
position in the local dimming using the dimming value DIM
of each block. The amount of light in dimming in each sam-
pling position is determined by a total amount of light reach-
ing each sampling position. For example, the light amount
obtaining unit 143 obtains a total amount of light reaching a
corresponding sampling position in an analysis area of size
PxP surrounding a block including the corresponding sam-
pling position in the local dimming in a state where the block
is positioned in the middle of the analysis area, where P
indicates the number of blocks and is an odd number equal to
or greater than 3. The amount of light in dimming is a variable
depending on each of the dimming values DIM of the blocks
positioned inside the analysis area. The light amount obtain-
ing unit 143 may obtain the amount of light in dimming using
an operation algorithm capable of being implemented by a
lookup table. The sampling position may be determined by
four apexes of an interpolation area having size 16x16 (cor-
responding to P being the number of pixels), so as to reduce
the size of the operation algorithm without degrading the
image quality of the liquid crystal display. The size of the
interpolation area may vary as long as the image quality of the
liquid crystal display is not degraded.
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[0040] The gain value sampling unit 144 calculates a sam-
pling gain value K of each sampling position using the
amount of light in dimming received from the light amount
obtaining unit 143 and an amount of light in non-local dim-
ming (i.e., an amount of light in non-dimming). The amount
of light in the non-dimming is a constant previously deter-
mined by a total amount of light reaching a corresponding
sampling position when all of light sources of the backlight
unit 16 are turned on at a maximum brightness. On the
assumption that a luminance L in the non-local dimming is
equal to a luminance L' in the local dimming as indicated in
the following Equation 1, as indicated in the following Equa-
tion 2, the gain value sampling unit 144 divides an amount BL,
of light reaching the sampling position in the non-local dim-
ming by an amount BL' of light reaching the sampling posi-
tion in the local dimming. Then, the gain value sampling unit
144 performs an exponential operation of 1/y on the division
result, thereby obtaining the sampling gain value K for allow-
ing a luminance before achieving the local dimming to be
equal to a luminance after achieving the local dimming.

L-L (A)

BLx(Data/Data,, )’ =BL'x(Date'/Data,,,,) (B) [Equation 1]

max)

Data'=Datax(BL/BL")Y"=KxData [Equation 2]

[0041] In the above Equations 1 and 2, “Data” indicates a
data value of the digital video data RGB input to the pixel,
“Data max” indicates a data value having a maximum gray
level among “Data”, and “Data"™ indicates a data value of
modulation data R'G'B".

[0042] The gain value sampling unit 144 may perform the
division operation and the exponential operation using the
operation algorithm capable of being implemented by the
lookup table. Because the gain value sampling unit 144 per-
forms the operations only in the sampling positions, the size
ofthe operation algorithm required in the gain value sampling
unit 144 greatly decreases compared with a related art.
[0043] The gain value interpolating unit 145 interpolates
the sampling gain values K of the sampling positions received
from the gain value sampling unit 144 to obtain a gain value
GAIN of the corresponding pixel. The gain value interpolat-
ing unit 145 may vary the number of interpolated sampling
gain values K depending on where the corresponding pixel is
positioned in an interpolation area defined by the sampling
positions. For example, as shown in FIG. 7A, when a corre-
sponding pixel is positioned inside four sides of an interpo-
lation area defined by four sampling positions SP1to SP4, the
gain value interpolating unit 145 interpolates four sampling
gain values K of the adjacent sampling positions SP1 to SP4
to obtain the gain value GAIN of the corresponding pixel. As
shown in FIG. 7B, when the corresponding pixel is positioned
on one side of the interpolation area, the gain value interpo-
lating unit 145 interpolates two sampling gain values K of the
adjacent sampling positions SP1 and SP2 to obtain the gain
value GAIN of the corresponding pixel. As shown in FIG. 7C,
when the corresponding pixel is positioned in one of the
sampling positions SP1 to SP4, the gain value interpolating
unit 145 interpolates a sampling gain value K of the sampling
position SP1 to obtain the gain value GAIN of the corre-
sponding pixel.

[0044] The data modulating unit 146 modulates the digital
video data RGB to be applied to the pixel based on the gain
value GAIN of the pixel received from the gain value inter-
polating unit 145 to produce modulation data R'G'B'. The data
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modulating unit 146 may increase an modulation width of
data as the gain value GAIN of the pixel increases, and may
decrease a modulation width of data as the gain value GAIN
of the pixel decreases.

[0045] FIG. 8 illustrates a local dimming control method of
a liquid crystal display according to an exemplary embodi-
ment of the invention.

[0046] As shown in FIG. 8, the local dimming control
method maps the input digital video data RGB to a plurality of
imaginary blocks divided from the display surface of the
liquid crystal display panel in a matrix form in steps S10 and
S20. The local dimming control method obtains a represen-
tative value of each block and adjusts a dimming value of each
block based on the representative value of each block in step
S30.

[0047] The local dimming control method adjusts a duty
ratio of an input PWM signal for each block based on the
adjusted dimming value of each block and drives the light
sources for each block in step S40.

[0048] The local dimming control method previously
determines a plurality of sampling positions in each block,
wherein the number of sampling positions in each block is
less than the number of pixels in each block. The local dim-
ming control method obtains an amount of light (i.e., an
amount of light in dimming) reaching each sampling position
in the local dimming using the adjusted dimming value of
each block in step S50. The amount of light in dimming in
each sampling position is determined by a total amount of
light reaching a corresponding sampling position in an analy-
sis area of size PxP surrounding a block including the corre-
sponding sampling position in the local dimming in a state
where the block is positioned in the middle of the analysis
area, where P indicates the number of blocks and is an odd
number equal to or greater than 3. The amount of light in
dimming may be obtained using an operation algorithm
capable of being implemented by the lookup table. The sam-
pling position may be determined by four apexes of an inter-
polation area having size 16x16 (corresponding to P being the
number of pixels), so as to reduce the size of the operation
algorithm without degrading the image quality of the liquid
crystal display. The size of the interpolation area may vary as
long as the image quality of the liquid crystal display is not
degraded.

[0049] Thelocal dimming control method calculates a sam-
pling gain value of each sampling position using the amount
of light in dimming and an amount of light in non-local
dimming (i.e., an amount of light in non-dimming) in step
S60. The amount of light in the non-dimming may be previ-
ously determined by a total amount of light reaching the
corresponding sampling position when all of the light sources
are turned on at a maximum brightness. On the assumption
that a luminance in the non-local dimming is equal to a
luminance in the local dimming, the local dimming control
method divides the amount of light reaching the sampling
position in the non-local dimming by the amount of light
reaching the sampling position in the local dimming. Then,
the local dimming control method performs an exponential
operation of 1/y on the division result, thereby obtaining the
sampling gain value for allowing a luminance before achiev-
ing the local dimming to be equal to a luminance after achiev-
ing the local dimming. The division operation and the expo-
nential operation may be performed using the operation
algorithm capable of being implemented by the lookup table.
Because the local dimming control method performs the
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operations only in the sampling positions, the size of the
operation algorithm required in the local dimming control
method may greatly decrease compared with a related art.
[0050] The local dimming control method interpolates the
sampling gain values of the sampling positions to obtain a
gain value of the corresponding pixel in step S70. The local
dimming control method modulates the digital video data
RGB to be applied to the corresponding pixel based on the
gain value of the corresponding pixel to produce the modu-
lation data R'G'B' in step S80. The modulation data R'G'B'
compensates for the deficiency of the luminance resulting
from the dimming value of each block.

[0051] As described above, in the liquid crystal display and
the local dimming control method thereof according to the
embodiment of the invention, the gain value compensating
for the luminance deficiency in the local dimming is calcu-
lated only in the sampling positions, wherein the number of
sampling positions in each block is less than the number of
pixels in each block. Therefore, the embodiment of the inven-
tion can greatly reduce the size of the operation algorithm,
compared with a related art method for calculating a gain
value of each pixel.

[0052] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. A liquid crystal display comprising:

aliquid crystal display panel including a plurality of pixels;

a backlight unit including a plurality of light sources, the
backlight unit providing light to the liquid crystal dis-
play panel,

a backlight driving circuit that individually drives a plural-
ity of previously determined blocks each including the
light sources based on a dimming value of each of the
blocks; and

a local dimming control circuit that adjusts the dimming
value of each block based on the result of an analysis of
input data, calculates and interpolates sampling gain
values of predetermined sampling positions positioned
inside each block so as to compensate for a change
amount of a luminance resulting from the dimming
value of each block, obtains a gain value of each pixel,
and modulate the input data to be applied to each pixel
based on the gain value of each pixel.

2. The liquid crystal display of claim 1, wherein a number
of sampling positions in each block are previously deter-
mined to be less than a number of pixels in each block.

3. The liquid crystal display of claim 2, wherein the local
dimming control circuit includes:

a dimming value adjusting unit that analyzes the input data
of each block to obtain a representative value of each
block and determines the dimming value of each block
based on the representative value of each block;
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a light amount obtaining unit that obtains a first light
amount indicating a total amount of light reaching the
sampling positions when the dimming value of each
block is applied,;

a gain value sampling unit that calculates a sampling gain
value of each of the sampling positions using the first
light amount and a second light amount indicating a total
amount of light reaching the sampling positions when
the dimming value of each block is not applied;

a gain value interpolating unit that interpolates the sam-
pling gain values to obtain a gain value ofeach pixel; and

a data modulating unit that modulates the input data based
on the gain value of each pixel.

4. The liquid crystal display of claim 3, wherein the first
light amount is a variable determined by a total amount of
light reaching a corresponding sampling position in an analy-
sis area of size PxP surrounding a block including the corre-
sponding sampling position in a state where the block is
positioned in the middle of the analysis area, where P indi-
cates the number of blocks and is an odd number equal to or
greater than 3,

wherein the second light amount is a constant previously
determined by a total amount of light reaching the cor-
responding sampling position when all of the light
sources of the backlight unit are turned on at a maximum
brightness.

5. The liquid crystal display of claim 4, wherein the gain
value sampling unit divides the second light amount by the
first light amount and performs an exponential operation of
1/y on the division result, thereby obtaining the sampling gain
value,

wherein the sampling gain value is calculated as a value for
allowing a luminance before the dimming value of each
block is applied to the corresponding sampling position
to be equal to a luminance after the dimming value of
each block is applied to the corresponding sampling
position.

6. A local dimming control method of a liquid crystal
display including a liquid crystal display panel including a
plurality of pixels and a plurality of light sources providing
light to the liquid crystal display panel, a plurality of previ-
ously determined blocks each including the light sources
being individually driven, the local dimming control method
comprising the steps of:

(A) adjusting a dimming value of each block for the light
sources based on the result of an analysis of input data;
and

(B) calculating and interpolating sampling gain values of
predetermined sampling positions positioned inside
each block so as to compensate for a change amount of
a luminance resulting from the dimming value of each
block, obtaining a gain value of each pixel, and modu-
lating the input data to be applied to each pixel based on
the gain value of each pixel.

7. The local dimming control method of claim 6, wherein

the step (B) comprises:

previously determining a number of sampling positions in
each block to be less than a number of pixels in each
block and obtaining a first light amount indicating a total
amount of light reaching the sampling positions when
the dimming value of each block is applied,;

calculating a sampling gain value of each of the sampling
positions using the first light amount and a second light



US 2011/0122057 Al

amount indicating a total amount of light reaching the
sampling positions when the dimming value of each
block is not applied;

interpolating the sampling gain values to obtain a gain
value of each pixel; and

modulating the input data based on the gain value of each

pixel.

8. The local dimming control method of claim 7, wherein
the first light amount is a variable determined by a total
amount of light reaching a corresponding sampling position
in an analysis area of size PxP surrounding a block including
the corresponding sampling position in a state where the
block is positioned in the middle of the analysis area, where P
indicates the number of blocks and is an odd number equal to
or greater than 3,

May 26, 2011

wherein the second light amount is a constant previously
determined by a total amount of light reaching the cor-
responding sampling position when all of the light
sources are turned on at a maximum brightness.

9. The local dimming control method of claim 8, wherein
the calculating of the sampling gain value comprises dividing
the second light amount by the first light amount and perform-
ing an exponential operation of 1/y on the division result,

wherein the sampling gain value is calculated as a value for

allowing a luminance before the dimming value of each
block is applied to the corresponding sampling position
to be equal to a luminance after the dimming value of
each block is applied to the corresponding sampling
position.
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