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FIG. 3

( START)

CONVERTING TO YChCr ——S5100
EXTRACTING HISTOGRAM ——5200
ANALYZING IMAGE —— 5300
PROCESSING IMAGE — 5400
CONVERTING TO RGB ——S5500

END



Patent Application Publication  Jul. 20,2017 Sheet 4 of 9 US 2017/0206848 A1

FIG. 4A
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FIG. 5A
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TRANSPARENT LIQUID CRYSTAL DISPLAY
APPARATUS AND METHOD OF DRIVING
THE SAME

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0006192, filed
on Jan. 19, 2016, the disclosure of which is incorporated by
reference herein in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments of the inventive concept
relate to a transparent liquid crystal display apparatus.
[0004] More particularly, exemplary embodiments of the
inventive concept relate to a transparent liquid crystal dis-
play apparatus using an external light.

[0005] 2. Description of the Related Art

[0006] Recently, a transparent display apparatus, which
can simultaneously display an image and transmit light
through the transparent display apparatus so that an object
behind the transparent display apparatus is visible to users,
has been developed. A liquid crystal display apparatus,
which displays an image by changing an arrangement of
liquid crystal molecules, usually uses an additional light
source such as a backlight unit to display the image. A
transparent liquid crystal display apparatus may use an
ambient light instead of light from the backlight unit.
[0007] Maximum brightness of the transparent liquid crys-
tal display apparatus is limited by the ambient light. When
the ambient light is relatively weak, the transparent liquid
crystal display apparatus has a low display quality due to an
insufficient maximum brightness.

SUMMARY

[0008] One or more exemplary embodiments of the inven-
tive concept provide a transparent liquid crystal display
apparatus capable of improving display quality even though
an ambient light is relatively weak.

[0009] One or more exemplary embodiments of the inven-
tive concept also provide a method of driving the transparent
liquid crystal display apparatus.

[0010] According to an exemplary embodiment of the
inventive concept, a transparent liquid crystal display appa-
ratus includes a transparent display panel including a liquid
crystal layer and using an ambient light as a light source to
display an image, a timing controller configured to receive
an input image data and output an output image data, and a
brightness sensor configured to sense a brightness of an
ambient light and provide an ambient brightness information
to the timing controller. The input image data includes input
pixel data each of which comprises red grayscale data, green
grayscale data and blue grayscale data. The timing controller
includes a YCbCr converter configured to convert the input
pixel data to YCbCr data, wherein the YCbCr data has
YCbCr pixel data for the pixels, and each of the YCbCr data
has a brightness data which is a brightness information
corresponding to the pixel, a histogram extractor configured
to receive the YCbCr data and generate a histogram infor-
mation about the number of values corresponding to each of
the brightness data, a grayscale analysis unit configure to
analysis the histogram information and determine a type of
an input image, an image processer configured to process the
YCbCr data according to the type of the input image and the
ambient brightness information and generate an output
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YChbCr' data, and a RGB converter configured to convert the
output YCbCr' data to output image data, wherein the output
image data comprises an output pixel data each of which
comprises red grayscale data, green grayscale data and blue
grayscale data.

[0011] In an exemplary embodiment, the grayscale analy-
sis unit may determine the type of the input image as an
A-type when frequency distribution of the histogram infor-
mation is relatively high at the middle thereof. The grayscale
analysis unit may determine the type of the input image as
a V-type when frequency distribution of the histogram
information is relatively low at the middle thereof.

[0012] In an exemplary embodiment, grayscale analysis
unit may count the number of low brightness values from the
histogram information, and count the number of high bright-
ness values from the histogram information. The low bright-
ness value may be smaller than a reference low brightness.
The high brightness value may be greater than a reference
high brightness. The number of middle brightness value may
be determined by subtracting sum of the number of low
brightness values and the number of high brightness values
from the number of entire brightness values of the histogram
information. When a ratio of the number of middle bright-
ness values to the number of the entire brightness values is
smaller than a reference low ratio, the type of the input
image may be determined as the V-type. When a ratio of the
number of middle brightness values to the number of the
entire brightness values is larger than a reference high ratio,
the type of the input image may be determined as the A-type.
[0013] In an exemplary embodiment, the brightness data
value may have a value of 0 to 255. The reference low
brightness may be 85. The reference high brightness may be
170. The reference low ratio may be 30%. The reference
high ratio may be 70%.

[0014] In an exemplary embodiment, the transparent lig-
uid crystal display apparatus may further include a LUT
storage unit which stores a lookup table having input to
output mapping information for each of the type of the input
image.

[0015] In an exemplary embodiment, in the lookup table,
output range corresponding to brightness data range having
more image information may be set to be widened, and
output range corresponding to brightness data range having
less image information may be set to be narrower.

[0016] Inan exemplary embodiment, the LUT storage unit
may further include a bypass lookup table which output
input value as it is.

[0017] In an exemplary embodiment, the image processer
may generate the output YCbCr' data which includes output
brightness data using the equation below.

output brightness data Y'=bypass lookup table(¥)+
(lookup table(Y)-bypass lookup table (¥))

*weight factor WF [equation]

[0018] (Here, the bypass lookup table(Y) means output of
the bypass lookup table corresponding to the input bright-
ness data Y, lookup table(Y) means output of the lookup
table for each of the type of the input image corresponding
to the input brightness data Y, weight factor WF has a value
0 to 1 according to the ambient brightness information)

[0019] According to an exemplary embodiment of the
inventive concept, a transparent liquid crystal display appa-
ratus includes a transparent display panel comprising a
liquid crystal layer and using an ambient light as a light
source to display an image, a gate driver configured to
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provide a gate signal to drive the transparent display panel,
a data driver configured to provide a data signal to drive the
transparent display panel, and a timing controller configured
to provide a control signal to the gate driver and the data
driver. Brightness corresponding to a specific grayscale
when a first input image is inputted and brightness corre-
sponding to the specific grayscale when a second input
image is inputted are different each other. The second input
image has a brightness distribution different from that of the
first input image.

[0020] In an exemplary embodiment, the transparent lig-
uid crystal display apparatus may further include a bright-
ness sensor configured to sense a brightness of an ambient
light. According to brightness change of the ambient light,
amount of brightness change of the first input image and
amount of brightness change of the second input image may
be different from each other.

[0021] In an exemplary embodiment, according to change
of grayscale of the input image at a portion of the input
image, a gamma reference voltage of the data driver corre-
sponding to the portion may be changed.

[0022] According to an exemplary embodiment of the
inventive concept, a method of driving a transparent liquid
crystal display apparatus includes converting input image to
YCbCr data, extracting a histogram about brightness data
from the YCbCr data, analyzing the histogram to determine
a type of the input image, generating output YCbCr data
from the YCbCr data according to the type of the input
image, and converting the output YCbCr' data to output
image comprising red grayscale data, green grayscale data
and blue grayscale data

[0023] In an exemplary embodiment, the method may
further include sensing brightness of an ambient light. The
output YCbCr' data may be generated with application of a
weight factor according to the brightness of an ambient light.
[0024] In an exemplary embodiment, the weight factor
may be relatively large when the ambient light is relatively
weak, and is relatively small when the ambient light is
relatively strong.

[0025] In an exemplary embodiment, in generating output
YChbCr data, a lookup table which includes input to output
mapping information for each of the type of the input image
may be used.

[0026] In an exemplary embodiment, input to output map-
ping information of the lookup table may be set such that
output range corresponding to brightness data range having
more image information is set to be widened, and output
range corresponding to brightness data range having less
image information is set to be narrower.

[0027] In an exemplary embodiment, the output YCbCr'
data which includes output brightness data may be calcu-
lated using the equation below.

output brightness data ¥'=bypass lookup table(¥)+
(lookup table(Y)-bypass lookup table (1))

*weight factor WF [equation]

[0028] Here, the bypass lookup table(Y) means output of
the bypass lookup table corresponding to the input bright-
ness data Y, lookup table(Y) means output of the lookup
table for each of the type of the input image corresponding
to the input brightness data Y, weight factor WF has a value
0 to 1 according to the ambient brightness information,
bypass lookup table outputs input value as it is.

[0029] In an exemplary embodiment, in analyzing the
histogram, the number of low brightness values from the
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histogram information may be counted, and the number of
high brightness values from the histogram information may
be counted. The low brightness value may be smaller than a
reference low brightness. The high brightness value may be
greater than a reference high brightness. The number of
middle brightness value may be determined by subtracting
sum of the number of low brightness values and the number
of high brightness values from the number of entire bright-
ness values of the histogram information. When a ratio of the
number of middle brightness values to the number of the
entire brightness values is smaller than a reference low ratio,
the type of the input image may be determined as the V-type.
When a ratio of the number of middle brightness values to
the number of the entire brightness values is larger than a
reference high ratio, the type of the input image may be
determined as the A-type. In generating output YCbCr data,
first and second lookup tables which have input to output
mapping information for the V-type and A-type, respec-
tively, may be used.

[0030] In an exemplary embodiment, in analyzing the
histogram, when the histogram information has relatively
many information at high brightness range which is greater
than a reference high brightness, the type of the input image
may be determined as high-type.

[0031] When the histogram information has relatively
many information at middle brightness range which is
between a reference low brightness and the high reference
brightness, the type of the input image may be determined
as middle-type. When the histogram information has rela-
tively many information at low brightness range which is
smaller than a reference high brightness, the type of the
input image may be determined as low-type. In generating
output YCbCr data, first to third lookup tables which have
input to output mapping information for the high-type, the
middle-type and the low-type, respectively, may be used.
[0032] In an exemplary embodiment, the method may
further include directly adjusting a gamma reference voltage
of a driving circuit according to the type of the input image.
[0033] According to the present inventive concept, a tim-
ing controller of a transparent liquid crystal display appa-
ratus extracts brightness histogram from input image data
and generates output image data that its dynamic range is
improved. Brightness of an ambient light is sensed and a
weight factor is applied, so that visibility of an image
displayed on the transparent liquid crystal display apparatus
may be improved regardless of the brightness of the an
ambient light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other features of the inventive
concept will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0035] FIG. 1is a block diagram illustrating a transparent
liquid crystal display apparatus according to an exemplary
embodiment of the inventive concept.

[0036] FIG. 2 is a block diagram of a timing controller of
FIG. 1.
[0037] FIG. 3 is a flow chart illustrating a method of

driving the transparent liquid crystal display apparatus of
FIG. 1.

[0038] FIGS. 4A, 4B, and 4C are figures to explain image
processing of the transparent liquid crystal display apparatus
of FIG. 1 when an image has V-type grayscale distribution.
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[0039] FIGS. 5A, 5B, and 5C are figures to explain image
processing of the transparent liquid crystal display apparatus
of FIG. 1 when an image has A-type grayscale distribution.
[0040] FIG. 6 is a block diagram of a timing controller of
a transparent liquid crystal display apparatus according to an
exemplary embodiment of the inventive concept.

[0041] FIG. 7 is a flow chart illustrating a method of
driving the transparent liquid crystal display apparatus of
FIG. 5.

DETAILED DESCRIPTION

[0042] Hereinafter, the inventive concept will be
explained in detail with reference to the accompanying
drawings.

[0043] FIG. 1is a block diagram illustrating a transparent
liquid crystal display apparatus according to an exemplary
embodiment of the inventive concept. FIG. 2 is a block
diagram of a timing controller of FIG. 1.

[0044] Referring to FIGS. 1 and 2, the transparent liquid
crystal display apparatus 1 may include a display panel 100,
a timing controller 200, a gate driver 300, a data driver 400
and a brightness sensor 500.

[0045] The display panel 100 is connected to a plurality of
gate lines GL and a plurality of data lines DL. The display
panel 100 displays an image represented by a plurality of
grayscales based on output image data RGB' The gate lines
GL may extend in a first direction D1, and the data lines DL
may extend in a second direction D2 crossing (e.g., sub-
stantially perpendicular to) the first direction DI.

[0046] The display panel 100 may include a plurality of
pixels that are arranged in a matrix form. Each pixel may be
electrically connected to a respective one of the gate lines
GL and a respective one of the data lines DL.

[0047] The display panel 100 includes a liquid crystal
layer. The liquid crystal layer may include liquid crystal
molecules having optical anisotropy. The liquid crystal
molecules may be driven by an electric field, so that an
image may be displayed by passing or blocking light
through the liquid crystal layer. The display panel 100 may
be a transparent display panel which can transmit an external
light through the transparent display panel and display an
image. The display panel 100 may be transparent and
include the liquid crystal layer, so that the display panel 100
may display the image using an ambient light as a light
source instead of an additional light source.

[0048] In some exemplary embodiments, each pixel may
include a switching element (not illustrated), a liquid crystal
capacitor (not illustrated) and a storage capacitor (not illus-
trated). The liquid crystal capacitor and the storage capacitor
may be electrically connected to the switching element. For
example, the switching element may be a thin film transistor.
The liquid crystal capacitor may include a first electrode
connected to a pixel electrode and a second electrode
connected to a common electrode. A data voltage may be
applied to the first electrode of the liquid crystal capacitor.
A common voltage may be applied to the second electrode
of the liquid crystal capacitor. The storage capacitor may
include a first electrode connected to the pixel electrode and
asecond electrode connected to a storage electrode. The data
voltage may be applied to the first electrode of the storage
capacitor. A storage voltage may be applied to the second
electrode of the storage capacitor. The storage voltage may
be substantially equal to the common voltage.
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[0049] Each pixel may have a rectangular shape. For
example, each pixel may have a relatively short side in the
first direction D1 which is shorter in relation to a relatively
long side in the second direction D2. The relatively short
side of each pixel may be substantially parallel to the gate
lines GL. The relatively long side of each pixel may be
substantially parallel to the data lines DL.

[0050] The timing controller 200 controls an operation of
the display panel 100 and controls operations of the gate
driver 300 and the data driver 400. The timing controller 200
receives input image data RGB and an input control signal
ICONT from an external device (not illustrated), e.g., a
graphic processor. The input image data RGB may include
a plurality of input pixel data for the plurality of pixels. The
input pixel data may include red grayscale data R, green
grayscale data G and blue grayscale data B. The input
control signal ICONT may include a master clock signal, a
data enable signal, a vertical synchronization signal, a
horizontal synchronization signal, and the like.

[0051] The timing controller 200 generates the output
image data RGB', a first control signal CONT1 and a second
control signal CONT2 based on the input image data RGB
and the input control signal ICONT.

[0052] The timing controller 200 may generate the output
image data RGB' based on the input image data RGB. The
output image data RGB', which may be digital, may be
provided to the data driver 400. The timing controller 200
may generate the first control signal CONT1 based on the
input control signal ICONT. The first control signal CONT1
may be provided to the gate driver 300, and a driving timing
of the gate driver 300 may be controlled based on the first
control signal CONT1I. The first control signal CONT1 may
include a vertical start signal, a gate clock signal, and the
like. The timing controller 200 may generate the second
control signal CONT2 based on the input control signal
ICONT. The second control signal CONT2 may be provided
to the data driver 400, and a driving timing of the data driver
400 may be controlled based on the second control signal
CONT2. The second control signal CONT2 may include a
horizontal start signal, a data clock signal, a data load signal,
a polarity control signal, and the like.

[0053] The gate driver 300 receives the first control signal
CONT1 from the timing controller 200. The gate driver 300
generates a plurality of gate signals for driving the gate lines
GL based on the first control signal CONT1. The gate driver
300 may sequentially apply the gate signals to the gate lines
GL.

[0054] The data driver 400 receives the second control
signal CONT2 and the output image data RGB' from the
timing controller 200. The data driver 400 generates a
plurality of analog data voltages based on the second control
signal CONT2 and the output image data RGB'. The data
driver 400 may apply the data voltages to the data lines DL.
[0055] In some exemplary embodiments, the data driver
400 may include a shift register (not illustrated), a latch (not
illustrated), a signal processor (not illustrated) and a buffer
(not illustrated). The shift register may output a latch pulse
to the latch. The latch may temporarily store the output
image data, which may be digital, and may output the output
image data to the signal processor. The signal processor may
generate the analog data voltages based on the output image
data and may output the analog data voltages to the buffer.
The buffer may output the analog data voltages to the data
lines DL.
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[0056] In some exemplary embodiments, the gate driver
300 and/or the data driver 400 may be disposed, e.g., directly
mounted, on the display panel 100, or may be connected to
the display panel 100 in a tape carrier package (TCP) type.
Alternatively, the gate driver 300 and/or the data driver 400
may be integrated on the display panel 100.

[0057] The brightness sensor 500 senses a brightness of an
ambient light around the transparent liquid crystal display
apparatus 1 to provide an ambient brightness information
BR to the timing controller 200. The ambient brightness
information BR includes information about the brightness of
an ambient light around the transparent liquid crystal display
apparatus 1. The brightness sensor 500 may sense a bright-
ness of an external light to generate the ambient brightness
information BR. For example, the brightness sensor 500
may sense the brightness of the external light around the
transparent liquid crystal display apparatus 1 and generate
the ambient brightness information BR in units of bright-
ness, nt (i.e., nit), and then provide the ambient brightness
information BR to the timing controller 200.

[0058] The transparent liquid crystal display apparatus 1
may display an image using the external light as a light
source. The transparent liquid crystal display apparatus 1
may not include an additional light source such as a back-
light unit, unlike a traditional liquid crystal display appara-
tus, and the transparent liquid crystal display apparatus 1
displays the image without such an additional light source
even if surroundings are dark. For example, when the
ambient brightness is less than 5 nt (nit), a dynamic range of
the transparent liquid crystal display apparatus 1 becomes
low. The dynamic range may be improved by generating the
output image data RGB' based on the input image data RGB
in consideration of the ambient brightness information BR.
Detailed explanation will be given below.

[0059] Referring again to FIG. 2, the timing controller 200
includes a YCbCr converter 210, a histogram extractor 220,
a grayscale analysis unit 230, an image processer 240, a
RGB converter 250, a brightness information processer 260,
LUT storage unit 270, a control signal generator 280.
[0060] The YCbCr converter 210 receives the input image
data RGB and converts the input image data RGB to a
YCbCr data YCbCr, and then provides the YCbCr data
YChbCr to the histogram extractor 220. The input image data
RGB may include a plurality of input pixel data for the
plurality of pixels. The input pixel data may include red
grayscale data R, green grayscale data G and blue grayscale
data B.

[0061] The YCbCr data YCbCr includes a plurality of
YCbCr pixel data for the plurality of pixels. The YCbCr
pixel data may include brightness data Y which is brightness
information and a color difference CbCr data which is color
information. The YCbCr converter 210 may convert the
input image data RGB to the YCbCr data YCbCr by a
traditional and/or well-known method.

[0062] The histogram extractor 220 receives the YCbCr
data YCbCr from the YCbCr converter 210, and generates a
histogram information HIS, and then provides the histogram
information HIS to the grayscale analysis unit 230. For
example, histogram extractor 220 may count the number of
values (i.e., a frequency distribution) which correspond to
each of the brightness data Y from the YCbCr pixel data of
the YCbCr data YChCr, and generate a histogram displaying
the frequency distribution of the brightness data Y of the
YChbCr pixel data.
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[0063] The grayscale analysis unit 230 receives the histo-
gram information HIS from the histogram extractor 220, and
determines a type of an input image by analyzing the
histogram information HIS. The grayscale analysis unit 230
generates a profile information PF which includes informa-
tion about the type of the input image, and provides the
profile information PF to the image processer 240. For
example, the grayscale analysis unit 230 may analyze the
histogram information HIS, and may determine the type of
the input image as an A-type when the frequency distribu-
tion is relatively high at the middle thereof. The grayscale
analysis unit 230 may determine the type of the input image
as a V-type when the frequency distribution is relatively low
at the middle thereof.
[0064] More specifically, the brightness data Y may have
a value from 0 to 255, and the grayscale analysis unit 230
may count the number of low brightness values from the
histogram information HIS, and furthermore may count the
number of high brightness values from the histogram infor-
mation HIS. Each low brightness value is smaller than a
reference low brightness (for example, (1/3)*255=85). Each
high brightness value is greater than a reference high bright-
ness (for example, (2/3)*255=170). The grayscale analysis
unit 230 may calculate the number of middle brightness
values by subtracting the sum of the number of low bright-
ness values and the number of high brightness values from
the total number of brightness values of the histogram
information HIS (number of middle brightness values=total
number of brightness values (number of high brightness
values+number of low brightness values)). The total number
of brightness values may count all brightness values of the
histogram information HIS, whether each brightness value is
smaller, greater, or equal to a reference low brightness or a
reference high brightness. When a ratio of the number of
middle brightness values to the total number of brightness
values is smaller than a reference low ratio (for example,
30%), the type of the input image may be determined as the
/-type. In addition, when a ratio of the number of middle
brightness values to the total number of brightness values is
larger than a reference high ratio (for example, 70%), the
type of the input image may be determined as the A-type.
[0065] The reference low brightness, the reference high
brightness, the reference low ratio and the reference high
ratio may be properly determined. In addition, the type ofthe
input image may include other types than the V-type and
A-type. For example, the type of the input image may further
include a high-type, a middle-type, and a lowtype. The
grayscale analysis unit 230 may analyze the histogram
information HIS, and determine the type of the input image
as the high-type, the middle-type, or the low-type when a
high brightness information is relatively major, a middle
brightness information is relatively major, or a low bright-
ness information is relatively major, respectively. In addi-
tion, when the input image does not need a correction
process, the input image may be determined as a bypass
type, and a bypass lookup table (to be described below) may
be applied.
[0066] The brightness information processer 260 receives
the ambient brightness information BR from the brightness
sensor 500 and generates a weight factor WF. The weight
factor WF may have a value of from 0 to 1, and may be set
according to the ambient brightness information BR.
[0067] The weight factor WF may have a relatively greater
value to increase a data correction amount when the ambient
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brightness information BR is relatively low. For example,
when the ambient brightness information BR is smaller than
5 nt, the weight factor WF may be set as 1. When the
ambient brightness information BR is greater than 400 nt,
the weight factor WF may be set as 0. When the ambient
brightness information BR is from 5 to 400 nt, the weight
factor WF may be set as or between from 1 to 0, and the
weight factor WF may be set in non-linear inverse propot-
tion to the ambient brightness information BR.

[0068] In an example embodiment, the brightness infor-
mation processer 260 may be a microcomputer which is
included in the timing controller.

[0069] The LUT storage unit 270 may store output data
corresponding to input data of each of the type of the input
image. For example, the LUT storage unit 270 may store a
lookup table LUT which includes output grayscale mapping
information corresponding to input grayscale of each of the
type of the input image. In addition, the LUT storage unit
270 may further include the bypass lookup table which
outputs the input grayscale itself

[0070] More particularly, a Y value (input) to Y' value
(output) curve may be stored at the LUT storage unit 270.
The curve may map the brightness data Y to the output
brightness data Y'. Thus, the LUT storage unit 270 may store
a first lookup table for the V-type, a second lookup table for
the A-type, and the bypass lookup table.

[0071] In the lookup table, a range of Y' values (output)
corresponding to a specific range of Y values (input) that are
more frequent than other values may be set to be wider than
the original range. A range of Y' values (output)correspond-
ing to a specific range of Y values (input) that are less
frequent than other values may be set to be narrower than the
original range. Thus, a brightness range having more image
information is widened, and a brightness range having less
image information is narrowed, so that display quality of the
transparent liquid crystal display apparatus may be
improved even though the ambient light is weak.

[0072] The LUT storage unit 270 may include at least one
nonvolatile memory such as an erasable programmable
read-only memory (EPROM), an electrically erasable pro-
grammable read-only memory (EEPROM), a flash memory,
a phase change random access memory (PRAM), a ferro-
electric random access memory (FRAM), a resistance ran-
dom access memory (RRAM), a magnetic random access
memory (MRAM), and the like. The LUT storage unit 270
may provide an information LUT about the lookup table and
the bypass lookup table to the image processer 240.
[0073] The image processer 240 receives the profile infor-
mation PF and the YCbCr data YCbCr and outputs output
YCbCr data YCbCr'. The image processer 240 may process
the YCbCr data YCbCr and generate the output YCbCr data
YCbCr' using the information LUT in consideration of the
profile information PF. For example, the image processer
240 may receive the information LUT, which includes input
grayscale to output grayscale mapping information, from the
LUT storage unit 270. The image processer 240 may process
the YCbCr data YCbCr and generate the output YCbCr data
YCbCr'. Here, considering also the weight factor WF from
the brightness information processer 260, the output YCbCr
data YCbCr' may be generated. Thus, when brightness of the
external light is relatively high, the transparent display
apparatus may represent a relatively large range of bright-
ness, so that the weight factor WF may be relatively small,
and influence of the bypass lookup table may be increased.
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When the brightness of the external light is relatively low,
the transparent display apparatus can represent a relatively
small range of brightness, so that the weight factor WF may
be relatively large, and influence of the lookup table accord-
ing to the type of the input image may be increased.
[0074] For example, the output brightness data Y' of the
output YCbCr data YCbCr' may be calculated using a
following equation from the brightness data Y of the YCbCr
data YCbCr

output brightness data Y'=bypass lookup table(¥)+
(lookup table(¥)-bypass lookup table (¥))

*welglt factor WF [equation]

[0075] Here, the bypass lookup table(Y) means output of
the bypass lookup table corresponding to the input bright-
ness data Y, while lookup table(Y) means output of the
lookup table for each of the type of the input image
corresponding to the input brightness data Y

[0076] The RGB converter 250 receives the output YCbCr
data YCbCr' from the image processer 240, and converts the
output YCbCr data YCbCr' to the output image data RGB'.
The RGB converter 250 provides the output image data
RGB! to the data driver 400. The output image data RGB'
may include a plurality of output pixel data for the plurality
of the pixels. The output pixel data may include red gray-
scale data R, green grayscale data G and blue grayscale data
B. The RGB converter 250 may convert the output YCbCr
data YCbCr' to the output image data RGB' by a traditional
and/or well-known method.

[0077] The control signal generator 280 may receive the
input control signal ICONT, and may generate the first
control signal CONT1 and the second control signal CONT2
based on the input control signal ICONT. The first control
signal CONT1 may be provided to the gate driver 300, and
a driving timing of the gate driver 300 may be controlled
based on the first control signal CONT1. The second control
signal CONT2 may be provided to the data driver 400, and
a driving timing of the data driver 400 may be controlled
based on the second control signal CONT?2.

[0078] FIG. 3 is a flow chart illustrating a method of
driving the transparent liquid crystal display apparatus of
FIG. 1.

[0079] Referring to FIGS. 1, 2 and 3, the method includes
converting to YCbCr (S100), extracting histogram (S200),
analyzing image (S300), processing image (S400) and con-
verting to RGB (S500).

[0080] In converting to YCbCr (S100), an input image
data RGB is received and converted to a YCbCr data YCbCr.
The input image data RGB may include a plurality of input
pixel data for a plurality of pixels. The input pixel data may
include red grayscale data R, green grayscale data G and
blue grayscale data B.

[0081] The YCbCr data YCbCr may include a plurality of
YCbCr pixel data for the plurality of pixels. The YCbCr
pixel data may include brightness data Y, which is brightness
information, and a color difference CbCr data, which is color
information. The input image data RGB may be converted to
the YCbCr data YCbCr by a traditional and/or well-known
method.

[0082] In the extracting histogram (S200), histogram
information HIS is generated based on the YCbCr data
YCbCr. For example, the number of values (frequency
distribution) which correspond to each of the brightness data
Y from the YCbCr pixel data of the YCbCr data YCbCr may
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be counted, and a histogram of frequency distribution of the
brightness data Y of the YCbCr pixel data may be generated.
[0083] In analyzing image (S300), a type of an input
image is determined by analyzing the histogram information
HIS. For example, the histogram information HIS may be
analyzed, and the type of the input image may be determined
as an A-type when the frequency distribution is relatively
high at the middle thereof. The type of the input image may
be determined as a V-type when the frequency distribution
is relatively low at the middle thereof. In addition, the type
of the input image may be types other than the V-type or
A-type.

[0084] In processing image (S400), output YCbCr data
YCbCr' is generated based on the YCbCr data YCbCr
according to the type of the input image. For example, using
a lookup table (LUT) according to the type of the input
image, the brightness data Y of the YCbCr data YCbCr may
be mapped to the output brightness data Y' of the output
YCbCr data YCbCr'.

[0085] The method may further include generating an
ambient brightness information BR by sensing brightness of
the ambient light. Here, using a weight factor WF having a
value of from 0 to 1 according to the ambient brightness
information BR, the changing of the amount of brightness
data may be controlled. For example, when brightness of an
external light is relatively high, the transparent display
apparatus may represent a relatively large range of bright-
ness, so that the weight factor WF may be relatively small,
and influence of the bypass lookup table may be increased.
When the brightness of the external light is relatively low,
the transparent display apparatus may represent a relatively
small range of brightness, so that the weight factor WF may
be relatively great, and influence of the lookup table accord-
ing to the type of the input image may be increased.

[0086] In converting RGB (8500), the output YCbCr data
YCbCr' is converted to output image data RGB'. The output
image data RGB' may include a plurality of output pixel data
for the plurality of the pixels. The output pixel data may
include red grayscale data R, green grayscale data G and
blue grayscale data B. The output YCbCr data YCbCr' may
be converted to the output image data RGB' by a traditional
and/or well-known method.

[0087] FIGS. 4A to 4C are figures to explain image
processing of the transparent liquid crystal display apparatus
of FIG. 1 when an image has a V-type grayscale distribution.

[0088] FIG. 4Ais a first input image. The first input image
includes a plurality of input pixel data for a plurality of
pixels. Each of the input pixel data may include red gray-
scale data, green grayscale data and blue grayscale data.

[0089] FIG. 4B is a histogram of the first input image. An
x-axis of the histogram represents brightness data values
(from 0 to 255), and a y-axis represents frequency (the total
number of instances of each brightness data value). Analyz-
ing the first input image, the first input image may be
determined as a V-type, which has more information at a low
and high grayscale than at a middle grayscale.

[0090] FIG. 4C is a graph to explain a first lookup table for
the input image data which is determined as the V-type. An
x-axis represents brightness data Y which is an input, and a
y-axis represents output brightness data Y' which is an
output. A solid line on the graph is a matching curve of input
and output according to the first lookup table when correc-
tion has been performed (weight factor=1). A dot-dash line
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of the graph is a matching curve of input and output
according to a bypass lookup table (weight factor=0).
[0091] The solid line may be properly adjusted as
required. For example, inclination of the solid line for the
low and high grayscale may be adjusted to be enlarged, so
that a representable grayscale range may be broadened
where the image information of a low or high grayscale is
greater than other. Thus, the low and high grayscale range
having more image information is widened, and the middle
grayscale range having less image information is narrowed,
so that display quality of the transparent liquid crystal
display apparatus may be improved even though the ambient
light is weak.

[0092] FIGS. 5A to 5C are figures to explain image
processing of the transparent liquid crystal display apparatus
of FIG. 1 when an image has an A-type grayscale distribu-
tion.

[0093] FIG. SAis a second input image. The second input
image includes a plurality of input pixel data for a plurality
of pixels. Fach of the input pixel data may include red
grayscale data, green grayscale data and blue grayscale data.
The second input image may include a grayscale distribution
different from that of the first input image.

[0094] FIG. 5B is a histogram of the second input image.
An x-axis of the histogram represents brightness data value
(0 to 255), and a y-axis represents frequency (the number of
each brightness data). Analyzing the second input image, the
second input image may be determined as an A-type which
has more information at middle grayscale than at low and
high grayscale.

[0095] FIG. 5C is a graph to explain a second lookup table
for the input image data which is determined as the A-type.
An x-axis represents brightness data Y which is input, and a
yz-axis represents brightness data Y' which is output. A solid
line on the graph is a matching curve of input and output
according to the second lookup table when correction has
been performed (weight factor=1). A dot-dash line of the
graph is a matching curve of input and output according to
a bypass lookup table (weight factor=0).

[0096] The solid line may be properly adjusted as
required. For example, by boosting output at the middle
grayscale, brightness may be overall increased at the middle
grayscale, which may have more image information. Thus,
brightness at the middle grayscale which may have more
image information than at high and low grayscale is overall
increased, so that display quality of the transparent liquid
crystal display apparatus may be improved even though the
ambient light is weak.

[0097] FIG. 6 is a block diagram of a timing controller of
a transparent liquid crystal display apparatus according to an
exemplary embodiment of the inventive concept.

[0098] Referring to FIG. 6, the timing controller is sub-
stantially the same as the timing controller of FIG. 2 except
for a gamma reference voltage adjusting unit 290. Thus, any
further detailed descriptions concerning the same elements
will be briefly described or omitted.

[0099] The timing controller 200 includes a YCbCr con-
verter 210, a histogram extractor 220, a grayscale analysis
unit 230, a brightness information processer 260, LUT
storage unit 270, a control signal generator 280, a gamma
reference voltage adjusting unit 290 and a processer 295.
[0100] The YCbCr converter 210 receives the input image
data RGB and converts the input image data RGB to a
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YCbCr data YCbCr, and then provides the YCbCr data
YCbCr to the histogram extractor 220.

[0101] The histogram extractor 220 receives the YCbCr
data YCbCr from the YCbCr converter 210, generates a
histogram information HIS, and then provides the histogram
information HIS to the grayscale analysis unit 230.

[0102] The grayscale analysis unit 230 receives the histo-
gram information HIS from the histogram extractor 220, and
determines a type of an input image by analyzing the
histogram information HIS. The grayscale analysis unit 230
generates profile information PF which includes information
about the type of the input image, and provides the profile
information PF to the gamma reference voltage adjusting
unit 290.

[0103] The brightness information processer 260 receives
the ambient brightness information BR from the brightness
sensor 500 and generates a weight factor WF.

[0104] The LUT storage unit 270 may store a gamma
reference voltage for input value corresponding to each of
the type of the input image. For example, the LUT storage
unit 270 may store a lookup table LUT including input
grayscale to gamma reference voltage mapping information
for each of the type of the input image. In addition, the LUT
storage unit 270 may further store the bypass lookup table
which maps with a gamma reference voltage that outputs as
the output grayscale the input grayscale. The LUT storage
unit 270 may provide the information LUT which is about
the lookup table and the bypass lookup table to the gamma
reference voltage adjusting unit 290.

[0105] The gamma reference voltage adjusting unit 290
receives the profile information PF and the YCbCr data
YChbCr, and generates a gamma reference voltage control
signal REF CONT. The gamma reference voltage control
signal REF CONT may adjust the gamma reference voltage
of a driver IC of the data driving circuit 400. More specifi-
cally, the gamma reference voltage adjusting unit 290 may
directly adjust the gamma reference voltage using the infor-
mation LUT in consideration of the profile information PF.
Here, the gamma reference voltage may be directly adjusted
in consideration of the weight factor WF outputted from the
brightness information processer 260.

[0106] In the present example embodiment, the gamma
reference voltage of the driver IC of the data driving circuit
is directly adjusted instead of converting the input image
data to the output image data. Accordingly, in the present
example embodiment, the lookup table may include only
values that the gamma reference voltage can have (e.g.,
values corresponding to 14 steps), so that a correction
process may be simply performed.

[0107] The processer 295 receives the input image data
RGB, and outputs output image data RGB'. The processer
295 may be a traditional image processer for a traditional
display panel. For example, the processer 295 may generate
output image data RGB' from the input image data RGB
based on gamma data, correction signal, and the like,

[0108] The control signal generator 280 may receive the
input control signal ICONT, and may generate the first
control signal CONT1 and the second control signal CONT2
based on the input control signal ICONT. The first control
signal CONT1 may be provided to the gate driver 300, and
a driving timing of the gate driver 300 may be controlled
based on the first control signal CONTI. The second control
signal CONT2 may be provided to the data driver 400, and
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a driving timing of the data driver 400 may be controlled
based on the second control signal CONT?2.

[0109] FIG. 7 is a flow chart illustrating a method of
driving the transparent liquid crystal display apparatus of
FIG. 6.

[0110] Referring to FIGS. 1, 6 and 7, the method includes
converting to YCbCr (S100), extracting histogram (5200),
analyzing image (S300), and adjusting gamma reference
voltage (S600).

[0111] Inconverting to YCbCr (S100), an input image data
RGB is received and converted to a YCbCr data YCbCr. The
input image data RGB may include a plurality of input pixel
data for a plurality of pixels. The input pixel data may
include red grayscale data R, green grayscale data G and
blue grayscale data B.

[0112] The YCbCr data YCbCr may include a plurality of
YCbCr pixel data for the plurality of pixels. The YCbCr
pixel data may include brightness data Y which is brightness
information and a color difference ChCr data which is color
information. The input image data RGB may be converted to
the YCbCr data YCbCr by a traditional and/or well-known
method.

[0113] In the extracting histogram (S200), histogram
information HIS is generated based on the YCbCr data
YCbCr. For example, the number of values (frequency
distribution) which corresponds to each of the brightness
data Y from the YCbCr pixel data of the YCbCr data YCbCr
may be counted, and a histogram of frequency distribution
of the brightness data Y of the YCbCr pixel data may be
generated.

[0114] Inanalyzing image (S300), a type of an input image
is determined by analyzing the histogram information HIS.
For example, the histogram information HIS may be ana-
lyzed, and the type of the input image may be determined as
an A-type when the frequency distribution is relatively high
at the middle thereof. The type of the input image may be
determined as a V-type when the frequency distribution is
relatively low at the middle thereof. In addition, the type of
the input image may be a type other than the V-type or
A-type.

[0115] In adjusting gamma reference voltage (S600), a
gamma reference voltage of the driver IC which corresponds
to the brightness data Y of the YCbCr data YCbCr may be
directly adjusted according to the type of the input image.
For example, using a lookup table LUT which is set accord-
ing to the type of the input image, the gamma reference
voltage may be mapped from the brightness data Y of the
YCbCr data YCbCr. Here, the gamma reference voltage may
be adjusted using the weight factor WF, which is set to a
value from 0 tol according to the ambient brightness infor-
mation BR.

[0116] According to the present inventive concept, a tim-
ing controller of a transparent liquid crystal display appa-
ratus extracts a brightness histogram from input image data
and generates output image data so that its dynamic range is
improved. Brightness of an ambient light is sensed and a
weight factor is applied, so that visibility of an image
displayed on the transparent liquid crystal display apparatus
may be improved regardless of the brightness of an ambient
light.

[0117] The foregoing is illustrative of the inventive con-
cept and is not to be construed as limiting thereof. Although
a few exemplary embodiments of the inventive concept have
been described, those skilled in the art will readily appre-
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ciate that many modifications are possible in the exemplary
embodiments without materially departing from the novel
teachings and advantages of the inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the inventive concept as defined in the
claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and not only structural equivalents
but also equivalent structures. Therefore, it is to be under-
stood that the foregoing is illustrative of the inventive
concept and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other
exemplary embodiments, are intended to be included within
the scope of the appended claims. The inventive concept is
defined by the following claims, with equivalents of the
claims to be included therein.

What is claimed is:

1. A transparent liquid crystal display apparatus, compris-
ing:

a transparent display panel comprising a liquid crystal

layer;

a timing controller configured to receive an input image

data and output an output image data; and

a brightness sensor configured to sense a brightness of an

ambient light and provide an ambient brightness infor-

mation to the timing controller,

wherein the input image data comprises a plurality of

input pixel data, each of which comprises a red gray-

scale data, a green grayscale data and a blue grayscale
data, and

wherein the timing controller comprises:

a’YCbCr converter configured to convert the input pixel
data to YCbCr data, wherein the YCbCr data com-
prises YCbCr pixel data for a plurality of pixels, and
each of the YCbCr data has a brightness data corre-
sponding to a pixel of the plurality of pixels;

a histogram extractor configured to receive the YCbhCr
data and generate a histogram information compris-
ing a number of values corresponding to each of the
brightness data;

a grayscale analysis unit configured to analyze the
histogram information and determine a type of an
input image;

an image processer configured to process the YCbhCr
data according to the type of the input image and the
ambient brightness information and generate an out-
put YCbCr' data; and

an RGB converter configured to convert the output
YCbCr' data to output image data, wherein the
output image data comprises an output pixel data
each of which comprises a red grayscale data, a
green grayscale data and a blue grayscale data.

2. The transparent liquid crystal display apparatus of
claim 1, wherein the grayscale analysis unit determines the
type of the input image as an A-type when a frequency
distribution of the histogram information is relatively high at
a middle of the frequency distribution, and

wherein the grayscale analysis unit is further configured

to determine the type of the input image as a V-type

when the frequency distribution of the histogram infor-
mation is relatively low at the middle of the frequency
distribution.
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3. The transparent liquid crystal display apparatus of
claim 2, wherein the grayscale analysis unit is further
configured to count a number of low brightness values from
the histogram information, and count a number of high
brightness values from the histogram information.
wherein the low brightness values are each smaller than a
reference low brightness, and the high brightness val-
ues are each greater than a reference high brightness,

wherein a number of middle brightness values is deter-
mined by subtracting a sum of the number of low
brightness values and the number of high brightness
values from a total number of brightness values of the
histogram information,

wherein the type of the input image is determined as the

V-type when a ratio of the number of middle brightness
values to the total number of the brightness values is
smaller than a reference low ratio, and

wherein the type of the input image is determined as the

A-type when a ratio of the number of middle brightness
values to the total number of the brightness values is
larger than a reference high ratio.

4. The transparent liquid crystal display apparatus of
claim 3, wherein the brightness data is from 0 to 255, the
reference low brightness is 85, the reference high brightness
is 170, the reference low ratio is 30%, and the reference high
ratio is 70%.

5. The transparent liquid crystal display apparatus of
claim 1, further comprising a LUT storage unit which stores
a lookup table having an input to output mapping informa-
tion for each of the type of the input image.

6. The transparent liquid crystal display apparatus of
claim 5, wherein in the lookup table, an output range
corresponding to a brightness data range having more image
information is set to be widened, and an output range
corresponding to a brightness data range having less image
information is set to be narrowed.

7. The transparent liquid crystal display apparatus of
claim 6, wherein the LUT storage unit further comprises a
bypass lookup table which outputs an input value as it is.

8. The transparent liquid crystal display apparatus of
claim 7, wherein the image processer generates the output
YCbCr' data which comprises output brightness data using
the equation below.

output brightness data Y'=bypass lookup table(¥)+

(lookup table(Y)-bypass lookup table (¥))

*weight factor WF [equation]

(Here, the bypass lookup table(Y) means output of the
bypass lookup table corresponding to the input bright-
ness data Y,

lookup table(Y) means output of the lookup table for each
of the type of the input image corresponding to the
input brightness data Y,

weight factor WF has a value 0 to 1 according to the
ambient brightness information)

9. A transparent liquid crystal display apparatus, compris-

ing:

a transparent display panel comprising a liquid crystal
layer;

a gate driver configured to provide a gate signal to drive
the transparent display panel;

a data driver configured to provide a data signal to drive
the transparent display panel; and

a timing controller configured to provide a control signal
to the gate driver and the data driver,
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wherein a brightness corresponding to a specific grayscale
when a first input image is inputted and a brightness
corresponding to a specific grayscale when a second
input image is inputted are different each other, and

wherein the second input image has a brightness distri-
bution different from that of the first input image.

10. The transparent liquid crystal display apparatus of
claim 9, further comprising a brightness sensor configured to
sense a brightness of an ambient light,

wherein according to a brightness change of the ambient

light, an amount of a brightness change of the first input
image and an amount of a brightness change of the
second input image are different from each other.

11. The transparent liquid crystal display apparatus of
claim 9, wherein according to a change of grayscale of the
input image at a portion of the input image, a gamma
reference voltage of the data driver corresponding to the
portion is changed.

12. A method of driving a transparent liquid crystal
display apparatus, comprising:

converting an input image to a YCbCr data;

extracting a histogram comprising a brightness data from

the YCbCr data;

analyzing the histogram to determine a type of the input

image;
generating an output YCbCr data from the YCbCr data
according to the type of the input image; and

converting the output YCbCr' data to an output image
comprising a red grayscale data, a green grayscale data
and a blue grayscale data.

13. The method of claim 12, further comprising;

sensing a brightness of an ambient light,

wherein the output YCbCr' data is generated by applica-

tion of a weight factor, the weight factor being depen-
dent on the brightness of the ambient light.

14. The method of claim 13, wherein the weight factor is
relatively large when the ambient light is relatively weak,
and is relatively small when the ambient light is relatively
strong.

15. The method of claim 14, wherein in generating the
output YCbCr data, a lookup table which comprises an input
to output mapping information for each of the type of the
input image is used.

16. The method of claim 14, wherein the input to output
mapping information of the lookup table is set such that an
output range corresponding to a brightness data range hav-
ing more image information is set to be widened, and an
output range corresponding to a brightness data range hav-
ing less image information is set to be narrowed.

17. The method of claim 16, wherein the output YCbCr'
data which comprises output brightness data is calculated
using the equation below.

output brightness data Y=bypass lookup table(¥)+
(lookup table(¥)-bypass lookup table (¥))

*weight factor WF [equation]

(Here, the bypass lookup table(Y) means output of the
bypass lookup table corresponding to the input bright-
ness data Y,
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lookup table(Y) means output of the lookup table for each
of the type of the input image corresponding to the
input brightness data Y,

weight factor WF has a value 0 to 1 according to the
ambient brightness information, bypass lookup table
outputs input value as it is)

18. The method of claim 12, wherein analyzing the
histogram produces a histogram information, and comprises:

counting a number of low brightness values from the
histogram information and counting a number of high
brightness values from the histogram information, and

wherein the low brightness values are each smaller than a
reference low brightness, and the high brightness val-
ues are each greater than a reference high brightness,

wherein a number of middle brightness values is deter-
mined by subtracting a sum of the number of low
brightness values and the number of high brightness
values from a total number of brightness values of the
histogram information,

wherein the type of the input image is determined as the
V-type when a ratio of a number of middle brightness
values to the total number of the brightness values is
smaller than a reference low ratio,

wherein the type of the input image is determined as the
A-type when a ratio of the number of middle brightness
values to the number of the entire brightness values is
larger than a reference high ratio, and

wherein in generating output YCbCr data, a first lookup
table and a second lookup table, which have input to
output mapping information for the V-type and A-type,
respectively, are used.

19. The method of claim 12, wherein in analyzing the
histogram,

the type of the input image is determined as high-type
when the histogram information has relatively large
information at a high brightness range which is greater
than a reference high brightness,

wherein the type of the input image is determined as
middle-type when the histogram information has rela-
tively large information at a middle brightness range
which is between a reference low brightness and the
high reference brightness,

wherein the type of the input image is determined as
low-type when the histogram information has relatively
large information at low brightness range which is
smaller than a reference high brightness, and

wherein in generating output YCbCr data, a first lookup
table, a second lookup table, and a third lookup table,
which have input to output mapping information for the
high-type, the middle-type and the low-type, respec-
tively, are used.

20. The method of claim 12, further comprising;

directly adjusting a gamma reference voltage of a driving
circuit according to the type of the input image.
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