a9 United States

US 20130120472A1

12y Patent Application Publication (o) Pub. No.: US 2013/0120472 A1

BYUN et al. 43) Pub. Date: May 16, 2013
(54) 4-PRIMARY COLOR DISPLAY AND PIXEL (52) US.CL
DATA RENDERING METHOD THEREOF USPC et 345/690; 345/88
(71) Applicant: LG Display Co., Ltd., Seoul (KR) 57) ABSTRACT
(72) Inventors: Minchul BYUN, Goyang-si (KR); . . . . . .
Heumeil BAEK, Goyang-si (KR) A 4-primary color display includes a display panel including
’ a plurality of 4-primary color pixels each including red,
(73) Assignee: LG Display Co., Ltd., Seoul (KR) green, blue, and white liquid crystal cells, and a pixel data
rendering circuit for producing 4-primary color pixel data
(21)  Appl. No.: 13/649,922 corresponding to a second horizontal resolution, which is
o equal to a physical horizontal resolution of the display panel,
(22) Filed: Oct. 11,2012 using 3-primary color pixel data corresponding to a first hori-
. A o zontal resolution, which is two times higher than the physical
(30) Foreign Application Priority Data horizontal resolution of the display panel. The pixel data
Nov. 11,2011  (KR) 10-2011-0117421 rendering circuit determines a weighting factor based on a
T e luminance ratio of two 3-primary color pixel data so as to
Publication Classification increase a cognitive horizontal resolution of a luminance in
the 4-primary color pixel data to the first horizontal resolu-
(51) Imt.CL tion, and reflects the weighting factor to the calculation of a
G09G 3/36 (2006.01) gray value of one 4-primary color pixel data.

{ Start )

|

Input RiGiBi — ST

Select R1G1B1 and R2G2B2

—~—S2

\

R1GIB1 — Y1
&
R2G2B2 — Y2

~—S83

\

Calculate weighting Y

factor «

Galculate Ravg, sk
Gavg, and Bavg

]

Determine RoGoBoWo —~—S6

End



Patent Application Publication = May 16,2013 Sheet 1 of 8 US 2013/0120472 A1

FIG. 1

(REALTED ART)

(N) 3-primary color pixel (B) 4—primary color pixel

FIG. 2

(REALTED ART)

PIXI PIX2
R1 G Bl R2 G2 B2 R1 G1 BT W1 R2 G2 B2 W2

L2, G2



Patent Application Publication = May 16,2013 Sheet 2 of 8 US 2013/0120472 A1

FI1G. 3
RiGiIBI [F-7] RotoBollo
= 12
Vs: DDG
yne, | 11 ——DL
Hsyne, —
DE,
DCLK
GDG
= 13 10
e
GL
FI1G. 4
c1 -
02 |
First 3-primary Second 3-primary 4-primary color
color pixel data color pixel data pixel data
Rl G2 BI R? G2 B2 Ro Go Bo Wo
=

Y1




Patent Application Publication = May 16,2013 Sheet 3 of 8 US 2013/0120472 A1

FIG. 5

R1G1B1 Y1

141 145 [—~—> RoGoBoWo

R2G2B2 144 -




Patent Application Publication = May 16,2013 Sheet 4 of 8 US 2013/0120472 A1

\
Black Gray

Luminance inversion

Difference in cognitive
horizontal resolution
of luminance.

R2 ! G2 | B2

Bo @ Wo

B1 Ravg Gave Bavg

255 (255(255| 0 [ O [ O => 1271127127 => 0 0 0 127

grayleraylgray|gray|eraylgray gray|graylgray gray | gray | gray | gray
First Second Rave = RI+R2 A-primary
3-primary 3-primary g 2 color pixel data
GOIodratpal xel GOIOdratpal xel Gavg = G1EG2 Ro = Ravg-Wo
Go = Gave-Wo
B1+B2

Bavg = T Bo = Bavg-Wo

Wo = min(Ravg, Gavg, Bavg)



Patent Application Publication

R1 1 GI { B1 1 R2 | G2 | B2
2551255126561 0 | 0 | O
gray|gray|gray|gray|gray|gray
First Second
3-primary 3-primary
color pixel ocolor pixel
data data

May 16, 2013 Sheet S of 8

US 2013/0120472 Al

Sameness in cognitive
horizontal resolution
of luminance

Ravg Gavg Bavg

1271127 (127
=> graylgray|gray =>

Ravg = R1;R2
_ G1+G2

Gaveg = 7

Bavg = Elgﬁg

127 | 1271 | 121 0
gray | gray | gray | gray

4-primary
color pixel data
Ro = Ravz-Wo
Go = Gavg-Wo
Bo = Bavg-Wo

Wb =o xmin(Ravg, Gavg, Bavg)

_ Y2-Y1
o = 0.540.5% v




Patent Application Publication = May 16,2013 Sheet 6 of 8 US 2013/0120472 A1

FIG. 8
Luminance horizontal Color horizontal
resolution resolution
Input Qutput [nput Output

3-primary 4-primary 3-primary 4-primary
color pixel | color pixel | color pixel | color pixel

data data data data
FIG. 6 2K 1K 2K 1K
FIG. 7 2K 2K 2K 1K

K:Physical horizontal resolution of display panel



US 2013/0120472 Al

May 16, 2013 Sheet 7 of 8

Patent Application Publication

e

S .

FIG. 9

......“..

o

e
s

S
SasesSae:

ey

i
i

ver

N

of the i

et

mbodim

{BIE

o art

b
@




Patent Application Publication = May 16,2013 Sheet 8 of 8 US 2013/0120472 A1

FIG. 10
Input RiGiBi — S
~S2
Select R1G1B1 and R2G2B2
R1GIBT — Y1 Calculate Ravg,
& —S3 Gavg, and Bav S
R2G2B2 — Y2 & )
Galculate weighting | ¢4
factor «

Determine RoGoBoWo —~—S6

End



US 2013/0120472 Al

4-PRIMARY COLOR DISPLAY AND PIXEL
DATA RENDERING METHOD THEREOF

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0117421 filed on Nov. 11, 2011 in
the Republic of Korea, which is incorporated herein by ref-
erence for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention relate to a multi-
primary color.

[0004] 2. Discussion of the Related Art

[0005] As theinterestin information displays and a demand
for the use of portable information devices increase, a study
and the commercialization of flat panel displays having char-
acteristics such as thin profile and lightness in weight have
been actively carried out. Examples of the flat panel display
include a liquid crystal display (LCD), a field emission dis-
plays (FED), a plasma display panels (PDP), and an electrolu-
minescence device.

[0006] The flat panel display generally displays various
colors through combinations of three primary colors includ-
ing red (R), green (G), and blue (B). A multi-primary color
display using at least four primary colors has been recently
introduced to reduce power consumption or to achieve mul-
ticolor gamut. In particular, a 4-primary color display for
reducing power consumption uses red (R), green (G), blue
(B), and white (W). The 4-primary color display receives data
RGB of three primary colors and creates data RGBW of four
primary colors using the data RGB of the three primary col-
ors.

[0007] As shown in FIG. 1, a 4-primary color display fur-
ther requires a white subpixel for the display of white (W) in
each pixel, compared to a 3-primary color display. When a
horizontal resolution of a display device is ‘1920°, the 4-pri-
mary color display additionally requires 1920 subpixels.
However, an increase in the number of subpixels reduces an
aperture ratio and increases the number of output channels of
a data driver integrated circuit (IC). Hence, the manufacturing
cost of the 4-primary color display increases.

[0008] An increase in the resolution of the display device
has continued so as to display a high definition image. The
number of pixels of a horizontal direction has to be doubled,
so as to double the horizontal resolution of the display device.
As shown in FIG. 2, when pixel informations are doubled and
input so as to increase the resolution of the display device, the
number of pixels of the 4-primary color display has to be
doubled so as to respectively match the pixel informations to
the pixels of the 4-primary color display. A first pixel PIX1 of
the 4-primary color display corresponds to first pixel data
R1G1B1 of three primary colors and thus displays a lumi-
nance and colors [L1 and C1 of the first pixel data R1G1B1.
Further, a second pixel PIX2 of the 4-primary color display
corresponds to second pixel data R2G2B2 of three primary
colors and thus displays a luminance and colors L2 and C2 of
the second pixel data R2G2B2.

[0009] In the 4-primary color display, when an effective
resolution increases through an increase in a physical resolu-
tion, the aperture ratio further decreases and the manufactur-
ing cost further increases.
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SUMMARY OF THE INVENTION

[0010] Embodiments of the invention provide a 4-primary
color display and a pixel data rendering method thereof
capable of increasing an effective resolution without an
increase in a physical resolution.

[0011] In one aspect, there is a 4-primary color display
comprising a display panel including a plurality of 4-primary
color pixels, each of the plurality of 4-primary color pixels
including a red (R) liquid crystal cell for the red display, a
green (G) liquid crystal cell for the green display, a blue (B)
liquid crystal cell for the blue display, and a white (W) liquid
crystal cell for the white display, and a pixel data rendering
circuit configured to produce 4-primary color pixel data cor-
responding to a second horizontal resolution, which is equal
to a physical horizontal resolution of the display panel, using
3-primary color pixel data corresponding to a first horizontal
resolution, which is two times higher than the physical hori-
zontal resolution of the display panel, determine a weighting
factor based on a luminance ratio of two 3-primary color pixel
data so as to increase a cognitive horizontal resolution of a
luminance with respect to the 4-primary color pixel data to the
first horizontal resolution, and reflect the weighting factor to
the calculation of a gray value of one 4-primary color pixel
data.

[0012] In another aspect, there is a pixel data rendering
method of a 4-primary color display including a plurality of
4-primary color pixels each including a red (R) liquid crystal
cell for the red display, a green (G) liquid crystal cell for the
green display, a blue (B) liquid crystal cell for the blue dis-
play, and a white (W) liquid crystal cell for the white display,
the pixel data rendering method comprising receiving 3-pri-
mary color pixel data corresponding to a first horizontal reso-
lution, which is two times higher than a physical horizontal
resolution of a display panel, and selecting first 3-primary
color pixel data and second 3-primary color pixel data from
the 3-primary color pixel data, receiving the selected first and
second 3-primary color pixel data to calculate a luminance of
the first 3-primary color pixel data and a luminance of the
second 3-primary color pixel data, receiving the luminance of
the first 3-primary color pixel data and the luminance of the
second 3-primary color pixel data to calculate a weighting
factor, to which a luminance ratio of the first and second
3-primary color pixel data is reflected, receiving the selected
first and second 3-primary color pixel data to calculate aver-
age gray values for each of red, green, and blue of the first and
second 3-primary color pixel data, and receiving the calcu-
lated weighting factor and the average gray values to deter-
mine a gray value of one 4-primary color pixel data based on
the weighting factor and the average gray values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying 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:

[0014] FIG. 1illustrates a 3-primary color pixel configura-
tion and a 4-primary color pixel configuration;

[0015] FIG. 2 illustrates that the number of pixels of a
4-primary color display increases so as to increase a resolu-
tion;
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[0016] FIG. 3 illustrates a 4-primary color display accord-
ing to an example embodiment of the invention;

[0017] FIG. 4 illustrates a luminance and a color matching
between two 3-primary color pixel data and one 4-primary
color pixel data;

[0018] FIG. 5 illustrates in detail a pixel data rendering
circuit;
[0019] FIG. 6 illustrates an example of producing one

4-primary color pixel data using two 3-primary color pixel
data in a related art;

[0020] FIG. 7 illustrates an example of producing one
4-primary color pixel data using two 3-primary color pixel
data in an example embodiment of the invention;

[0021] FIG. 8 illustrates changes in a luminance horizontal
resolution and a color horizontal resolution between input
3-primary color pixel data and output 4-primary color pixel
data in each of FIG. 6 and FIG. 7,

[0022] FIG.9 illustrates an example of images comparing a
resolution of a related art with a resolution of an example
embodiment of the invention; and

[0023] FIG. 10 is a flow chart sequentially illustrating a
pixel data rendering method of a 4-primary color display
according to an example embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0024] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention.

[0025] Example embodiments of the invention will be
described with reference to FIGS. 3 to 10.

[0026] FIG. 3 illustrates a 4-primary color display accord-
ing to an example embodiment of the invention. FIG. 4 illus-
trates a luminance and a color matching between two 3-pri-
mary color pixel data and one 4-primary color pixel data.
[0027] As shown in FIG. 3, a 4-primary color display
according to an example embodiment of the invention
includes a display panel 10, a timing controller 11, a data
driving circuit 12, a gate driving circuit 13, a pixel data
rendering circuit 14, etc.

[0028] The4-primary color display may be implemented as
a flat panel display, such as a liquid crystal display (LCD), a
field emission display (FED), a plasma display panel (PDP),
and an electroluminescence device (EL) including an inor-
ganic electroluminescence element and an organic light emit-
ting diode (OLED). In the following description, the 4-pri-
mary color display according to the embodiment of the
invention is described using the liquid crystal display. Other
flat panel displays may be used.

[0029] The display panel 10 includes an upper glass sub-
strate, 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 each other
on the lower glass substrate of the display panel 10. A plural-
ity ofliquid crystal cells Clc are arranged on the display panel
10 in a matrix form based on a crossing structure of the data
lines DL and the gate lines GL. Each of the plurality of liquid
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crystal cells Clc includes a thin film transistor (TFT), a pixel
electrode 1 connected to the TFT, a storage capacitor Cst, and
the like.

[0030] Black matrixes, color filters, common electrodes 2,
etc. are formed on the upper glass substrate of the 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 electrodes 2 are 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 electrodes 2 are formed on the
lower glass substrate along with the pixel electrodes 1.
[0031] The 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, blue (B) liquid
crystal cells for displaying a blue image, and white (W) liquid
crystal cells for displaying a white image. The R, G, B, and W
liquid crystal cells constitute a 4-primary color pixel. Polar-
izing plates are respectively attached to the upper and lower
glass substrates of the display panel 10. Alignment layers for
setting a pre-tilt angle of liquid crystals on the inner surfaces
contacting the liquid crystals are respectively formed on the
upper and lower glass substrates of the display panel 10.
[0032] The display panel 10 applicable to the embodiment
of the invention may be implemented in any liquid crystal
mode as well as the TN, VA, IPS, and FFS modes. Moreover,
the display device according to the embodiment of the inven-
tion may be implemented as any type liquid crystal display
including a transmissive liquid crystal display, a transflective
liquid crystal display, and a reflective liquid crystal display.
The transmissive liquid crystal display and the transflective
liquid crystal display each require a backlight unit 15. The
backlight unit 15 may be implemented as a direct type back-
light unit or an edge type backlight unit.

[0033] In the direct type backlight unit 15, a plurality of
optical sheets and a diffusion plate are stacked under the
display panel 10, and a plurality of light sources are disposed
under the diffusion plate. In the edge type backlight unit 15, a
plurality of optical sheets and a light guide plate are stacked
under the display panel 10, and a plurality of light sources are
positioned on the sides of the light guide plate. The plurality
of light sources of the backlight unit 15 may be line light
sources such as a cold cathode fluorescent lamp (CCFL) and
an external electrode fluorescent lamp (EEFL) or point light
sources such as a light emitting diode (LED).

[0034] The timing controller 11 supplies 3-primary color
pixel data RiGiBi received from an external system board to
the pixel data rendering circuit 14. The timing controller 11
receives timing signals Vsync, Hsync, DE, and DCLK from
the system board. The timing controller 11 generates 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, Hsync, DE, and DCLK. The timing
controller 11 inserts an interpolation frame between frames of
an input image 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 control 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.

[0035] The data driving circuit 12 receives 4-primary color
pixel data RoGoBoWo from the pixel data rendering circuit
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14. The data driving circuit 12 converts the 4-primary color
pixel data RoGoBoWo into positive and negative gamma
voltages (i.e., positive and negative data voltages) under the
control of the timing controller 11 and supplies the positive
and negative data voltages to the data lines DL. For this, 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 4-primary color pixel data RoGoBoWo, a latch
that stores data on a per line basis in response to the clock
received from the shift register and simultaneously outputs
the data each corresponding to one line, a digital-to-analog
converter (DAC) for selecting positive and negative gamma
voltages corresponding to digital data received from the latch,
a multiplexer for selecting the data line DL receiving the
positive and negative gamma voltages, an output buffer con-
nected between the multiplexer and the data lines DL, and the
like.

[0036] 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 signal having a swing width suitable for a
TFT drive of the liquid crystal cells, an output buffer, and the
like. The gate driving circuit 13 sequentially outputs a scan
pulse (or a gate pulse) under the control of the timing con-
troller 11 and supplies the scan pulse to the gate lines GL.
Hence, the gate driving circuit 13 selects a horizontal line to
receive the data voltage. The shift register of the gate driving
circuit 13 may be directly formed on the lower glass substrate
based on a GIP (Gate Driver IC In Panel) manner.

[0037] The pixel data rendering circuit 14 produces the
4-primary color pixel data RoGoBoWo corresponding to a
second horizontal resolution, which is equal to a physical
horizontal resolution of the display panel 10, using the 3-pri-
mary color pixel data RiGiBi corresponding to a first hori-
zontal resolution, which is two times higher than the physical
horizontal resolution of the display panel 10. As shown in
FIG. 4, the pixel data rendering circuit 14 produces one 4-pri-
mary color pixel data RoGoBoWo using two 3-primary color
pixel data R1G1B1 and R2G2B2. Resolution of a spatial
frequency in a luminance is higher than that in a color. Thus,
when the pixel data rendering circuit 14 produces the 4-pri-
mary color pixel data RoGoBoWo, the pixel data rendering
circuit 14 determines a weighting factor based on a luminance
ratio of the two 3-primary color pixel data R1G1B1 and
R2G2B2, so as to increase a cognitive horizontal resolution of
the luminance to the first horizontal resolution. The pixel data
rendering circuit 14 then reflects the weighting factor to the
calculation of a gray value of one 4-primary color pixel data
RoGoBoWo.

[0038] In the 4-primary color pixel data RoGoBoWo,
‘RoGoBo’ is data to which a luminance Y1 of the first 3-pri-
mary color pixel data R1G1B1 is reflected, and ‘Wo’ is data to
which a luminance Y2 of the second 3-primary color pixel
data R2G2B2 is reflected. The pixel data rendering circuit 14
increases the cognitive horizontal resolution of the luminance
without an increase in the physical resolution of the display
panel 10, thereby efficiently increasing a cognitive spatial
frequency without a reduction in an aperture ratio and an
increase in the manufacturing cost. However, a color horizon-
tal resolution of the 4-primary color pixel data RoGoBoWo is
reduced to about one half of a color horizontal resolution of
the 3-primary color pixel data R1G1B1 and R2G2B2 because
of the data downscaling resulting from the pixel data render-
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ing circuit 14. Two colors C1 and C2 by the 3-primary color
pixeldata R1G1B1 and R2G2B2 are represented by one color
in the 4-primary color pixel data RoGoBoWo. However,
because the resolution of the spatial frequency with respect to
color is relatively low (i.e., because a reduction in the color
resolution is hardly recognized even when the color resolu-
tion is reduced to one half), a reduction in the color horizontal
resolution of the 4-primary color pixel data RoGoBoWo
hardly matters. The pixel data rendering circuit 14 may be
embedded in the timing controller 11.

[0039] FIG. 5 illustrates in detail the pixel data rendering
circuit 14.
[0040] As shown in FIG. 5, the pixel data rendering circuit

14 includes a data selection unit 141, a luminance calculation
unit 142, a gain calculation unit 143, an average value calcu-
lation unit 144, and a data conversion unit 145.

[0041] The data selection unit 141 receives the 3-primary
color pixel data RiGiBi and selects the first 3-primary color
pixel data R1G1B1 and the second 3-primary color pixel data
R2G2B2 from the 3-primary color pixel data RiGiBi.

[0042] The luminance calculation unit 142 receives the first
and second 3-primary color pixel data R1G1B1 and R2G2B2
from the data selection unit 141. The luminance calculation
unit 142 then calculates the luminance Y1 of the first 3-pri-
mary color pixel data RIG1B1 and the luminance Y2 of the
second 3-primary color pixel data R2G2B2 through the fol-
lowing Equation 1.

Y1=0.3xR1+0.6xG1+0.1xB1

Y2=0.3xR2+0.6xG2+0.1xB2

[0043] The gain calculation unit 143 receives the lumi-
nance Y1 of the first 3-primary color pixel data R1G1B1 and
the luminance Y2 of the second 3-primary color pixel data
R2G2B2 from the luminance calculation unit 142. The gain
calculation unit 143 then calculates a weighting factor a, to
which a luminance ratio of the first and second 3-primary
color pixel data R1G1B1 and R2G2B2 is reflected, through
the following Equation 2.

[Equation 1]

B Y2-Y1 [Equation 2]
a=05+05x% Y3712
[0044] The average value calculation unit 144 receives the

first and second 3-primary color pixel data R1G1B1 and
R2G2B2 from the data selection unit 141. The average value
calculation unit 144 then calculates average gray values
Ravg, Gavg, and Bavg for each of red, green, and blue of the
first and second 3-primary color pixel data R1G1B1 and
R2G2B2 through the following Equation 3.

(R1+R2) [Equation 3]
Ravg =
2
(Gl +G2)
Gavg =
2
Bavg = (B1 ; B2)
[0045] The data conversion unit 145 receives the weighting

factor a from the gain calculation unit 143 and receives the
RGB average gray values Ravg, Gavg, and Bavg from the
average value calculation unit 144. The data conversion unit
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145 then applies the weighting factor a and the RGB average
gray values Ravg, Gavg, and Bavg to the following Equation
4 to produce the 4-primary color pixel data RoGoBoWo.

Ro=Ravg-Wo
Go=Gavg-Wo
Bo=Bavg-Wo

Wo=axmin(Ravg Gavg, Bavg)

[0046] According to the above Equation 4, a gray value of
white data Wo is determined by multiplying a minimum value
of'the RGB average gray values Ravg, Gavg, and Bavg by the
weighting factor o, and a gray value of red data Ro is deter-
mined to a value obtained by subtracting the gray value of
white data Wo from the R average gray value Ravg. Further,
a gray value of green data Go is determined to a value
obtained by subtracting the gray value of white data Wo from
the G average gray value Gavg, and a gray value of blue data
Bo is determined to a value obtained by subtracting the gray
value of white data Wo from the B average gray value Bavg.
[0047] FIGS. 6 and 7 illustrate examples of producing one
4-primary color pixel data using two 3-primary color pixel
data in the related art and the embodiment of the invention.
FIG. 8 illustrates changes in a luminance horizontal resolu-
tion and a color horizontal resolution between input 3-pri-
mary color pixel data and output 4-primary color pixel data in
each of FIG. 6 and FIG. 7.

[0048] As shown in FIG. 6 illustrating the related art, the
weighting factor a is not reflected to the calculation of the
gray value of the 4-primary color pixel data RoGoBoWo. For
example, when the first 3-primary color pixel data R1IG1B1
for the white display is input at 255-gray level and the second
3-primary color pixel data R2G2B2 for the black display is
input at 0-gray level, the data RoGoBo of the 4-primary color
pixel data RoGoBoWo displays a black of 0-gray level, and
the data Wo of the 4-primary color pixel data RoGoBoWo
displays a gray of 127-gray level. It can be seen from FIG. 6
that a luminance distribution of the 3-primary color pixel data
R1G1B1 and R2G2B2 and a luminance distribution of the
4-primary color pixel data RoGoBoWo are reversed. Namely,
there are the bright left side and the dark right side in the
luminance distribution of the 3-primary color pixel data
R1G1B1 and R2G2B2. On the other hand, there are the dark
left side and the bright right side in the luminance distribution
ofthe 4-primary color pixel data RoGoBoWo. Thus, when the
4-primary color pixel data RoGoBoWo is determined in the
related art manner illustrated in FIG. 6, only one luminance
may be represented through the 4-primary color pixel data
RoGoBoWo. As shown in FIG. 8, a luminance horizontal
resolution and a color horizontal resolution of output 4-pri-
mary color pixel data RoGoBoWo, which is output in the
related art manner illustrated in F1G. 6, are downscaled to one
half of those of input 3-primary color pixel data R1G1B1 and
R2G2B2. As aresult, it is impossible to increase the cognitive
horizontal resolution of the luminance.

[0049] On theotherhand, as shown in FIG. 7 illustrating the
embodiment of the invention, the weighting factor is deter-
mined based on the luminance ratio of the first and second
3-primary color pixel data R1G1B1 and R2G2B2 and is
reflected to the calculation of the gray value of the 4-primary
color pixel data RoGoBoWo. For example, when the first
3-primary color pixel data R1G1B1 for the white display is
input at 255-gray level and the second 3-primary color pixel

[Equation 4]
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data R2G2B2 for the black display is input at 0-gray level, the
data RoGoBo of the 4-primary color pixel data RoGoBoWo
displays a gray of 127-gray level, and the data Wo of the
4-primary color pixel data RoGoBoWo displays a black of
0-gray level. It can be seen from FIG. 7 that a luminance
distribution of the 3-primary color pixel data R1G1B1 and
R2G2B2 and a luminance distribution of the 4-primary color
pixel data RoGoBoWo are similar to each other. Namely,
there are the bright left side and the dark right side in the
luminance distribution of the 3-primary color pixel data
R1G1B1 and R2G2B2, and there are the bright left side and
the dark right side in the luminance distribution of the 4-pri-
mary color pixel data RoGoBoWo. Thus, when the 4-primary
color pixel data RoGoBoWo is determined in the manner
according to the embodiment of the invention illustrated in
FIG. 7, two luminances may be represented through the 4-pri-
mary color pixel data RoGoBoWo. As shown in FIG. 8, a
color horizontal resolution of output 4-primary color pixel
data RoGoBoWo, which is output in the manner illustrated in
FIG. 7, is downscaled to one half of that of input 3-primary
color pixel data R1G1B1 and R2G2B2. However, as shown in
FIG. 8, a luminance horizontal resolution of output 4-primary
color pixel data RoGoBoWo, which is output in the manner
illustrated in FIG. 7, is cognitively held to be equal to that of
the input 3-primary color pixel data R1G1B1 and R2G2B2.
As a result, it is possible to increase the cognitive horizontal
resolution of the luminance without an increase in the physi-
cal horizontal resolution.

[0050] FIG.9illustrates an example of images comparing a
resolution of the related art with a resolution of the embodi-
ment of the invention.

[0051] Itcanbereadily seen from FIG. 9 that the definition
of the display image in the embodiment of the invention may
greatly increase due to an increase in the cognitive horizontal
resolution of the luminance, compared to the related art.

[0052] FIG. 10 is a flow chart sequentially illustrating a
pixel data rendering method of the 4-primary color display
according to the embodiment of the invention.

[0053] As shown in FIG. 10, the pixel data rendering
method according to the embodiment of the invention
receives 3-primary color pixel data RiGiBi in step S1 and
selects first 3-primary color pixel data R1G1B1 and second
3-primary color pixel data R2G2B2 from the 3-primary color
pixel data RiGiBi in step S2.

[0054] Next, the pixel data rendering method according to
the embodiment of the invention applies the selected first and
second 3-primary color pixel data R1G1B1 and R2G2B2 to
the above Equation 1 to calculate a luminance Y1 of the first
3-primary color pixel data R1G1B1 and a luminance Y2 of the
second 3-primary color pixel data R2G2B2 in step S3.

[0055] Next, the pixel data rendering method according to
the embodiment of the invention applies the luminance Y1 of
the first 3-primary color pixel data R1G1B1 and the lumi-
nance Y2 ofthe second 3-primary color pixel data R2G2B2 to
the above Equation 2 to calculate a weighting factor a, to
which a luminance ratio of the first and second 3-primary
color pixel data R1G1B1 and R2G2B2 is reflected, in step S4.

[0056] Next, the pixel data rendering method according to
the embodiment of the invention applies the selected first and
second 3-primary color pixel data R1G1B1 and R2G2B2 to
the above Equation 3 to calculate average gray values Ravg,
Gavg, and Bavg for red, green, and blue of the first and second
3-primary color pixel data R1G1B1 and R2G2B2 in step S5.
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[0057] Next, the pixel data rendering method according to
the embodiment of the invention applies the calculated
weighting factor a and the RGB average gray values Ravg,
Gavg, and Bavg to the above Equation 4 to produce 4-primary
color pixel data RoGoBoWo instep S6. In the 4-primary color
pixel data RoGoBoWo, a gray value of white data Wo is
determined by multiplying a minimum value of the RGB
average gray values Ravg, Gavg, and Bavg by the weighting
factor a, and a gray value of red data Ro is determined to a
value obtained by subtracting the gray value of white data Wo
from the R average gray value Ravg. Further, a gray value of
green data Go is determined to a value obtained by subtract-
ing the gray value of white data Wo from the G average gray
value Gavg, and a gray value of blue data Bo is determined to
a value obtained by subtracting the gray value of white data
Wo from the B average gray value Bavg.

[0058] As described above, the 4-primary color display and
the pixel data rendering method thereof according to the
embodiment of the invention produce the 4-primary color
pixel data corresponding to the second horizontal resolution,
which is equal to the physical horizontal resolution of the
display panel, using the 3-primary color pixel data corre-
sponding to the first horizontal resolution, which is two times
higher than the physical horizontal resolution of the display
panel. In this instance, the weighting factor is determined
based on the luminance ratio of the two 3-primary color pixel
data and is reflected to the calculation of the gray value of one
4-primary color pixel data, so as to increase the cognitive
horizontal resolution of the luminance with respect to the
4-primary color pixel data to the first horizontal resolution.
Thus, the embodiment of the invention increases the cogni-
tive horizontal resolution of the luminance without an
increase in the physical resolution, thereby efficiently
increasing the cognitive spatial frequency without a reduction
in the aperture ratio and an increase in the manufacturing cost.
As aresult, the embodiment of the invention greatly increases
the definition of the display image.

[0059] 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 4-primary color display comprising:

a display panel including a plurality of 4-primary color
pixels, each of the plurality of 4-primary color pixels
including a red (R) liquid crystal cell for a red display, a
green (G) liquid crystal cell for a green display, a blue
(B) liquid crystal cell for a blue display, and a white (W)
liquid crystal cell for a white display; and

a pixel data rendering circuit configured to produce 4-pri-
mary color pixel data corresponding to a second hori-
zontal resolution, which is equal to a physical horizontal
resolution of the display panel, using 3-primary color
pixel data corresponding to a first horizontal resolution,
which is two times higher than the physical horizontal
resolution of the display panel, determine a weighting
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factor based on a luminance ratio of two 3-primary color
pixel data so as to increase a cognitive horizontal reso-
lution of a luminance with respect to the 4-primary color
pixel data to the first horizontal resolution, and reflect
the weighting factor to the calculation of a gray value of
one 4-primary color pixel data.

2. The 4-primary color display of claim 1, wherein the pixel

data rendering circuit includes:

a data selection unit configured to receive the 3-primary
color pixel data and select first 3-primary color pixel
data and second 3-primary color pixel data from the
3-primary color pixel data;

a luminance calculation unit configured to receive the
selected first and second 3-primary color pixel data and
calculate a luminance of the first 3-primary color pixel
data and a luminance of the second 3-primary color pixel
data;

a gain calculation unit configured to receive the luminance
of the first 3-primary color pixel data and the luminance
of the second 3-primary color pixel data and calculate a
weighting factor, to which a luminance ratio of the first
and second 3-primary color pixel data is reflected;

an average value calculation unit configured to receive the
selected first and second 3-primary color pixel data and
calculate average gray values for each of red, green, and
blue of the first and second 3-primary color pixel data;
and

a data conversion unit configured to receive the calculated
weighting factor and the average gray values and deter-
mine the gray value ofthe one 4-primary color pixel data
based on the weighting factor and the average gray val-
ues.

3. The 4-primary color display of claim 2, wherein the gain
calculation unit applies the luminance of the first 3-primary
color pixel data and the luminance of the second 3-primary
color pixel data to the following Equation to calculate the
weighting factor:

Y2-Y1

a=0.5+0.5xm

where ‘o’ is the weighting factor, ‘Y1 is applies the lumi-
nance of the first 3-primary color pixel data, and ‘Y2’ is
the luminance of the second 3-primary color pixel data.

4. The 4-primary color display of claim 2, wherein the data
conversion unit determines a gray value of white data consti-
tuting the 4-primary color pixel data to the multiplication
between a minimum value of the average gray values and the
weighting factor,

wherein the data conversion unit determines a gray value of
red data constituting the 4-primary color pixel data to a
value obtained by subtracting the gray value of white
data from a R average gray value among the average
gray values,

wherein the data conversion unit determines a gray value of
green data constituting the 4-primary color pixel data to
a value obtained by subtracting the gray value of white
data from a G average gray value among the average
gray values,

wherein the data conversion unit determines a gray value of
blue data constituting the 4-primary color pixel data to a
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value obtained by subtracting the gray value of white
data from a B average gray value among the average
gray values.

5. A pixel data rendering method of a 4-primary color
display including a plurality of 4-primary color pixels each
including a red (R) liquid crystal cell for ared display, a green
(G) liquid crystal cell for a green display, a blue (B) liquid
crystal cell for a blue display, and a white (W) liquid crystal
cell for a white display, the pixel data rendering method
comprising:

receiving 3-primary color pixel data corresponding to a

first horizontal resolution, which is two times higher
than a physical horizontal resolution of a display panel,
and selecting first 3-primary color pixel data and second
3-primary color pixel data from the 3-primary color
pixel data;

receiving the selected first and second 3-primary color

pixel data to calculate a luminance of the first 3-primary
color pixel data and a luminance of the second 3-primary
color pixel data;

receiving the luminance of the first 3-primary color pixel

data and the luminance of the second 3-primary color
pixel data to calculate a weighting factor, to which a
luminance ratio of the first and second 3-primary color
pixel data is reflected,;

receiving the selected first and second 3-primary color

pixel data to calculate average gray values for each of
red, green, and blue of the first and second 3-primary
color pixel data; and

receiving the calculated weighting factor and the average

gray values to determine a gray value of one 4-primary
color pixel data based on the weighting factor and the
average gray values.

6. The pixel data rendering method of claim 5, wherein the
4-primary color pixel data is produced to correspond to a
second horizontal resolution, which is equal to the physical
horizontal resolution of the display panel,
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wherein a cognitive horizontal resolution of a luminance
with respect to the 4-primary color pixel data increases
to the first horizontal resolution.

7. The pixel data rendering method of claim 5, wherein the
calculating of the weighting factor includes applying the
luminance of the first 3-primary color pixel data and the
luminance of the second 3-primary color pixel data to the
following Equation to calculate the weighting factor:

205+05 Y2-Y1
a=0.5+0. Xm

where ‘o is the weighting factor, “Y1” is applies the lumi-
nance of the first 3-primary color pixel data, and ‘Y2’ is
the luminance of the second 3-primary color pixel data.

8. The pixel data rendering method of claim 5, wherein the

determining of'the gray value of the one 4-primary color pixel
data includes:

determining a gray value of white data constituting the
4-primary color pixel data to the multiplication between
a minimum value of the average gray values and the
weighting factor;

determining a gray value of red data constituting the 4-pri-
mary color pixel data to a value obtained by subtracting
the gray value of white data from a R average gray value
among the average gray values;

determining a gray value of green data constituting the
4-primary color pixel data to a value obtained by sub-
tracting the gray value of white data from a G average
gray value among the average gray values; and

determining a gray value of blue data constituting the 4-pri-
mary color pixel data to a value obtained by subtracting
the gray value of white data from a B average gray value
among the average gray values.
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