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(57) A four-color liquid crystal display device has pix-
els containing first to fourth subpixels (hereinafter abbre-
viated as "SPs" as needed) having four different colors,
respectively, arranged in a two-by-two matrix, the first to
fourth SPs being placed in the first row and the first col-
umn, in the first row and the second column, in the second
row and the second column, and in the second row and
the first column, respectively. In displaying a font (i) sub-
jected to subpixel rendering premised on a pixel com-
posed of three SPs having three different colors, respec-
tively, arranged in three columns of stripe, and (ii) spec-
ified, regarding a predetermined pixel falling on part of a
character edge, that the SP in the first column takes on
a tone Tx, that the SP in the second column takes on a
tone Ty, and that the SP in the third column takes on a
tone Tz, the liquid crystal display device specifies, for the
predetermined pixel, that each of the first and fourth SPs
takes on a tone which is obtained by performing rounding
on (Tx 3 2/3) + (Ty 3 1/3) = p and that each of the second
and third SPs takes on a tone which is obtained by per-
forming rounding on (Ty 3 1/3) + (Tz 3 2/3) = v. This
allows the four-color liquid crystal display device to ap-
propriately display a subpixel rendered font (e.g., Clear
Type (registered trademark)).
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Description

Technical Field

[0001] The present invention relates to a display of
characters on a liquid crystal display device having pixels
each constituted by four subpixels having four different
colors (e.g., red, green, blue, and white), respectively.

Background Art

[0002] As an antialiasing technique for improving the
viewability of characters on a liquid crystal display device,
a technique (subpixel rendering) is currently under de-
velopment which produces an antialiasing effect not at a
pixel level but at a subpixel level by displaying different
tones in a plurality of subpixels of each of those pixels
falling on a character edge.
[0003] Fig. 14 is a schematic view showing the case
of a standard display of a character line on a liquid crystal
display device (three-color liquid crystal display device)
having pixels each constituted by three subpixels, name-
ly an R (red), a G (green), and a B (blue) subpixels. Fig.
15 is a schematic view of the case of a display of a sub-
pixel rendered character line on the three-color liquid
crystal display device. It should be noted that each sub-
pixel takes on any one (8-bit data) of tones of 0 to 255,
and the R, G, and B subpixels are abbreviated as "RSP",
"GSP", and "BSP", respectively, as needed.
[0004] As shown in Figs. 14 and 15, whereas RSP =
255, G = 255, and B = 255 in each of the pixels P1 to P3
in Fig. 14, RSP = 255, GSP = 255, and BSP = 0 in each
of the pixels P1 to P3 in Fig. 15. Further, whereas RSP
= 255, G = 255, and B = 255 in each of the pixels P4 to
P6 in Fig. 14, RSP = 0, GSP = 255, and BSP = 0 in each
of the pixels P4 to P6 in Fig. 15. This shows that an an-
tialiasing effect is produced at a subpixel level in Fig. 15.
[0005] Meanwhile, with an aim to enhance the lumi-
nance of each pixel, a liquid crystal display device (mul-
ti-color liquid crystal display device is also currently under
development which has pixels each constituted by sub-
pixels of four or more different colors.
[0006] Fig. 16 is a schematic view showing the case
of a standard display of a character line on a four-color
liquid crystal display device having matrix arrangements
of four subpixels, namely an R (red), a G (green), a B
(blue), and a white (W) subpixels. It should be noted here
that for a display on the four-color liquid crystal display
device of RGB data premised on a three-color liquid crys-
tal display device, RGBW data is created from the RGB
data in the manner shown in Fig. 17. That is, in a case
where it is specified in the RGB data that RSP = TX, GSP
= TY, and BSP = TZ, such tones are specified in the
RGBW data that RSP = j 3 TX - (smallest value among
the tones TX to TZ), GSP = j 3 TY - (smallest value
among the tones TX to TZ), BSP = j 3 TZ - (smallest
value among the tones TX to TZ), and WSP = smallest
value among the tones TX to TZ (where 1 ≤ j ≤ 2).

[0007] For example, in a case where it is specified in
the RGB data that RSP = 0, GSP = 0, and BSP = 0, it is
specified in the RGBW data that RSP = 1 3 0 - (0) = 0,
GSP = 1 3 0 - (0) = 0, BSP = 1 3 0 - (0) = 0, and WSP
= 0. Alternatively, in a case where it is specified in the
RGB data that RSP = 255, GSP = 255, and BSP = 0, it
is specified in the RGBW data that RSP = 1 3 255 - (0)
= 255, GSP = 1 3 255 (0) = 255, BSP = 1 3 0 - (0) = 0,
and WSP = 0. Alternatively, in a case where it is specified
in the RGB data that RSP = 0, GSP = 255, and BSP =
255, it is specified in the RGBW data that RSP = 1 3 0
- (0) = 0, GSP = 1 3 255 - (0) = 255, BSP = 1 3 255 -
(0) = 255, and WSP = 0.
[0008] Fig. 18 is a schematic view showing the case
of a standard display of a character line on a four-color
liquid crystal display device having stripe arrangements
of four subpixels, namely an R (red), a G (green), a B
(blue), and a white (W) subpixels. It should be noted here
that for a display on the four-color liquid crystal display
device of RGB data premised on a three-color liquid crys-
tal display device, RGBW data is created from the RGB
data in the manner shown in Fig. 19. That is, in a case
where it is specified in the RGB data that RSP = TX, GSP
= TY, and BSP = TZ, such tones are specified in the
RGBW data that RSP = j 3 TX - (smallest value among
the tones TX to TZ), GSP = j 3 TY - (smallest value
among the tones TX to TZ), BSP = j 3 TZ - (smallest
value among the tones TX to TZ), and WSP = smallest
value among the tones TX to TZ (where 1 ≤ j ≤ 2).
[0009] For example, in a case where it is specified in
the RGB data that RSP = 0, GSP = 0, and BSP = 0, it is
specified in the RGBW data that RSP = 1 3 0 - (0) = 0,
GSP = 1 3 0 - (0) = 0, BSP = 1 3 0 - (0) = 0, and WSP
= 0. Alternatively, in a case where it is specified in the
RGB data that RSP = 255, GSP = 255, and BSP = 0, it
is specified in the RGBW data that RSP = 1 3 255 - (0)
= 255, GSP = 1 3 255 - (0) = 255, BSP = 1 3 0 - (0) =
0, and WSP = 0. Alternatively, in a case where it is spec-
ified in the RGB data that RSP = 0, GSP = 255, and BSP
= 255, it is specified in the RGBW data that RSP = 1 3
0 - (0) = 0, GSP = 1 3 255 - (0) = 255, BSP = 1 3 255 -
(0) = 255, and WSP = 0.

Citation List

Patent Literature 1

[0010] Japanese Patent Application Publication, Toku-
kai, No. 2004-4839 A (Publication Date: January 8, 2004)

Summary of Invention

Technical Problem

[0011] Since a subpixel rendered font (e.g., Clear Type
(registered trademark) of Microsoft Corporation) is cre-
ated on the premise of a three-color liquid crystal display
device, there is such a problem that an attempt to display
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the font on such a multi-color liquid crystal display device
as that described above results in failure to produce an
appropriate antialiasing effect.
[0012] Fig. 20 is a schematic view showing the case
of a display of RGBW data on a four-color liquid crystal
display device having two-by-two matrix arrangements
of an R, a G, a B, and a W subpixels, the RGBW data
having been created in the manner shown in Fig. 17 from
RGB data representing the subpixel rendered character
line of Fig. 15. Since, in Fig. 15, it is specified in each of
the pixels P1 to P3 that RSP = 255, G = 255, and B = 0,
it is specified in the RGBW data, for each of the pixels
P1 to P3, that RSP = 255, GSP = 255, BSP = 0, and WSP
= 0. Fig. 20 shows that the R and G subpixels, which are
high in luminance, are conspicuous in each of the pixels
P1 to P3 (to form a jagged edge on the left side of the
character as shown in Fig. 20) and an appropriate an-
tialiasing effect is not produced.
[0013] Fig. 21 is a schematic view showing the case
of a display of RGBW data on a four-color liquid crystal
display device having stripe arrangements of an R, a G,
a B, and a W subpixels, the RGBW data having been
created in the manner shown in Fig. 19 from RGB data
representing the subpixel rendered character line of Fig.
15. Since, in Fig. 15, it is specified in each of the pixels
P4 to P6 that RSP = 0, G = 255, and B = 255, it is specified
in the RGBW data, for each of the pixels P4 to P6, that
RSP = 0, GSP = 255, BSP = 255, and WSP = 0. Fig. 21
shows that the G and B subpixels, which are high in lu-
minance, are conspicuous in each of the pixels P4 to P6
(to form a jagged edge on the right side of the character
as shown in Fig. 21) and an appropriate antialiasing effect
is not produced.
[0014] The present invention is designed to produce
an appropriate antialiasing effect when a four-color liquid
crystal display device displays a subpixel rendered font.

Solution to Problem

[0015] A liquid crystal display device according the
present invention is a liquid crystal display device includ-
ing: pixels each composed of first to fourth subpixels hav-
ing four different colors, respectively, the first to fourth
subpixels being arranged in a two-by-two matrix, the first
subpixel being placed in the first row and the first column,
the second subpixel being placed in the first row and the
second column, the third subpixel being placed in the
second row and the second column, the fourth subpixel
being placed in the second row and the first column, in
displaying a font (i) subjected to subpixel rendering prem-
ised on a pixel composed of three subpixels having three
different colors, respectively, the three subpixels being
arranged in three columns of stripe, and (ii) specified,
regarding a predetermined pixel falling on part of a char-
acter edge, that the subpixel in the first column takes on
a tone Tx, that the subpixel in the second column takes
on a tone Ty, and that the subpixel in the third column
takes on a tone Tz, the liquid crystal display device spec-

ifying, regarding the predetermined pixel, that the first
subpixel takes on a tone which is obtained by performing
rounding on α 3 (Tx 3 Kb + Ty 3 Ka) = p, that the second
subpixel takes on a tone which is obtained by performing
rounding on β 3 (Ty 3 Kc + Tz 3 Kd) = q, that the third
subpixel takes on a tone which is obtained by performing
rounding on γ 3 (Ty 3 Ke + Tz 3 Kf) = v, and that the
second subpixel takes on a tone which is obtained by
performing rounding on δ 3 (Tx 3 Kh + Ty 3 Kg) = u,
where 0 ≤ Ka < Kb ≤ 1, 0 ≤ Kc < Kd ≤ 1, 0 ≤ Ke < Kf ≤ 1,
0 ≤ Kg < Kh ≤ 1, and α, β, γ, and δ are each a positive
number.
[0016] The tone of each of the first and fourth subpixels
located in the first column in each pixel of a four-color
liquid crystal display device (i.e., a liquid crystal display
device having pixels each composed of first to fourth sub-
pixels having four different colors, respectively, arranged
in a two-by-two matrix) that falls on part of a character
edge is determined with a higher degree of contribution
of the tone Tx of the subpixel located in the first column
in each pixel of a three-color liquid crystal display device,
and the tone of each of the second and third subpixels
located in the second column in each pixel of the four-
color liquid crystal display is determined with a higher
degree of contribution of the tone Tz of the subpixel lo-
cated in the third column in each pixel of the three-color
liquid crystal display device. This makes it possible to
produce an appropriate antialiasing effect on a font dis-
played on the four-color liquid crystal display device.

Advantageous Effects of Invention

[0017] As described above, the present invention can
produce an appropriate antialiasing effect when a
four-color liquid crystal display device displays a subpixel
rendered font.

Brief Description of Drawings

[0018]

Fig. 1
Fig. 1 is an explanatory diagram showing a method
for creating RGBW data (for a particular pixel) ac-
cording to Embodiment 1.
Fig. 2
Fig. 2 is an explanatory diagram showing a method
for creating RGBW data (for a pixel other than the
particular pixel) according to Embodiment 1.
Fig. 3
Fig. 3 is a schematic view showing a display state
of RGBW data created in the manners shown in Figs.
1 and 2.
Fig. 4
Fig. 4 is an explanatory diagram showing a method
for creating RGBW data (for a pixel other than the
particular pixel) with a different color arrangement of
subpixels.
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Fig. 5
Fig. 5 is an explanatory diagram showing another
method for creating RGBW data (for a particular pix-
el) according to Embodiment 1.
Fig. 6
Fig. 6 is an explanatory diagram showing a modifi-
cation of the method of data creation (for a particular
pixel) of Fig. 1.
Fig. 7
Fig. 7 is an explanatory diagram showing a method
for creating RGBW data (for a particular pixel) ac-
cording to Embodiment 2.
Fig. 8
Fig. 8 is an explanatory diagram showing a method
for creating RGBW data (for a pixel other than the
particular pixel) according to Embodiment 1.
Fig. 9
Fig. 9 is a schematic view showing a display state
of RGBW data created in the manners shown in Figs.
7 and 8.
Fig. 10
Fig. 10 is an explanatory diagram showing a method
for creating RGBW data (for a pixel other than the
particular pixel) with a different color arrangement of
subpixels.
Fig. 11
Fig. 11 is an explanatory diagram showing another
method for creating RGBW data (for a particular pix-
el) according to Embodiment 2.
Fig. 12
Fig. 12 is an explanatory diagram showing still an-
other method for creating RGBW data (for a partic-
ular pixel) according to Embodiment 2.
Fig. 13
Fig. 13 is a block diagram showing a configuration
of a liquid crystal display device according to an em-
bodiment of the present invention.
Fig. 14
Fig. 14 is a schematic view showing a display state
of a standard font (without subpixel rendering) on a
three-color liquid crystal display device.
Fig. 15
Fig. 15 is a schematic view showing a display state
of a font (with subpixel rendering) on a three-color
liquid crystal display device.
Fig. 16
Fig. 16 is a schematic view showing a display state
of a font (without subpixel rendering) on a (matrix)
four-color liquid crystal display device.
Fig. 17
Fig. 17 is an explanatory diagram showing a method
for creating (matrix-compatible) RGBW data in a
conventional liquid crystal display device.
Fig. 18
Fig. 18 is a schematic view showing a display state
of a font (without subpixel rendering) on a (stripe)
four-color liquid crystal display device.
Fig. 19

Fig. 19 is an explanatory diagram showing a method
for creating (stripe-compatible) RGBW data in a con-
ventional liquid crystal display device.
Fig. 20
Fig. 20 is a schematic view showing a display state
of a font (with subpixel rendering) on a conventional
(matrix) four-color liquid crystal display device.
Fig. 21
Fig. 21 is a schematic view showing a display state
of a font (with subpixel rendering) on a conventional
(stripe) four-color liquid crystal display device.

Description of Embodiments

[0019] An embodiment of the present invention is de-
scribed below with reference to Figs. 1 to 13, 15, 20, and
21. As shown in Fig. 13, a liquid crystal display device
according to the present embodiment includes a display
control circuit 2, a gate driver 3, a source driver 4, and a
liquid crystal panel 5. It should be noted that the gate
driver 3 and the source driver 4 may be formed mono-
lithically with the liquid crystal panel 5.
[0020] The liquid crystal display device 1 is a four-color
liquid crystal display device, and the liquid crystal panel
5 has pixels each composed of four subpixels having four
different colors (R, G, B, and W), respectively. The R, G,
B, and W subpixels are referred to below as "BSP",
"GSP", "BSP", and "WSP", respectively, as needed.
[0021] The display control circuit 2 includes a data con-
version circuit 6 and a timing control circuit 7. The data
conversion circuit 6 receives RGB data, creates RGBW
data from the RGB data (which will be described later in
detail), and then outputs the RGBW data to the timing
control circuit 7. The timing control circuit 7 outputs a
source start pulse SSP, a source clock SCK, etc., as well
as the RGBW data, to the source driver 4, and outputs
a gate start pulse GSP, a gate clock GCK, etc. to the
gate driver 3.
[0022] The source driver 4 drives source lines (data
signal lines, not illustrated) of the liquid crystal panel 5
with use of the source start pulse SSP, the source clock
SCK, etc., as well as the RGBW data. The gate driver 3
drives gate lines (scanning signal lines, not illustrated)
of the liquid crystal panel 5 with use of the gate start pulse
GSP, the gate clock GCK, etc.
[0023] The following describes a method for creating
RGBW data of a subpixel rendered font (e.g., Clear Type
(registered trademark) of Microsoft Corporation prem-
ised on an R, a G, and a B subpixels arranged in three
columns of stripe.

[Embodiment 1]

[0024] The liquid crystal panel 5 has pixels each con-
stituted by first to fourth subpixels having four different
colors, respectively, arranged in a two-by-two matrix
(with the first to fourth subpixels being placed in the first
row and the first column, in the first row and the second

5 6 



EP 2 560 157 A1

5

5

10

15

20

25

30

35

40

45

50

55

column, in the second row and the second column, and
in the second row and the first column, respectively).
When it is specified in the font (RGB data), for a particular
pixel falling on part of a character edge, that the subpixel
in the first column takes on a tone Tx, that the subpixel
in the second column takes on a tone Ty, and that the
subpixel in the third column takes on a tone Tz, it is spec-
ified in the RGBW data, for the particular pixel, that the
first subpixel takes on a tone which is obtained by per-
forming rounding on α 3 (Tx 3 Kb + Ty 3 Ka) = p, that
the second subpixel takes on a tone which is obtained
by performing rounding on β 3 (Ty 3 Kc + Tz 3 Kd) =
q, that the third subpixel takes on a tone which is obtained
by performing rounding on γ 3 (Ty 3 Ke + Tz 3 Kf) = v,
and that the fourth subpixel takes on a tone which is ob-
tained by performing rounding on δ 3 (Tx 3 Kh + Ty 3
Kg) = u, where 0 ≤ Ka < Kb ≤ 1, 0 ≤ Kc < Kd ≤ 1 , 0 ≤ Ke
< Kf ≤ 1, 0 ≤ Kg < Kh ≤ 1, and α, β, γ, and δ are each a
positive number.
[0025] It is preferable that Ka = Kc = Ke = Kg = 1/3, Kb
= Kd = Kf = Kh = 2/3, and α = β = γ = δ = 1. See a case
where each pixel of the liquid crystal panel 5 has an R
subpixel (RSP), a G subpixel (GSP), a B subpixel (BSP),
and a W subpixel (WSP) placed in the first row and the
first column, in the first row and the second column, in
the second row and the second column, and in the sec-
ond row and the first column, respectively. In this case,
when it is specified in the font (RGB data), for a particular
pixel falling on part of a character edge (such a pixel as
the pixels P1 to P6 of Fig. 15, which shows an example
of a display of the font on a three-color liquid crystal dis-
play device), that the R subpixel in the first column takes
on a tone Tx, that the G subpixel in the second column
takes on a tone Ty, and that the B subpixel in the third
column takes on a tone Tz, it is specified in the RGBW
data, as shown in Fig. 1, that the RSP and WSP of the
particular pixel each take on a tone which is obtained by
rounding (2/3) 3 Tx + (1/3) 3 Ty down to the nearest
whole number and that the GSP and BSP of the particular
pixel takes on a tone which is obtained by rounding (1/3)
3 Ty + (2/3) 3 Tz down to the nearest whole number.
Further, when it is specified in the font (RGB data), for a
pixel other than the particular pixel, that the R subpixel
in the first column takes on a tone TX, that the G subpixel
in the second column takes on a tone TY, and that the B
subpixel in the third column takes on a tone TZ, it is spec-
ified in the RGBW data, as shown in Fig. 2, that RSP =
j 3 TX - (smallest value among the tones TX, TY, and
TZ), GSP = j 3 TY - (smallest value among the tones
TX, and TZ), BSP = j 3 TZ - (smallest value among the
tones TX, TY, and TZ), and WSP = smallest value among
the tones TX, TY, and TZ (where 1 ≤ j ≤ 2).
[0026] Since, in Fig. 15, it is specified in each of the
pixels P1 to P3 that RSP = 255, G = 255, and B = 0, it is
specified in the RGBW data, for each of the pixels P1 to
P3, that RSP = 255, GSP = 85, BSP = 85, and WSP =
255 (see Fig. 3). Further, since, in Fig. 15, it is specified
in each of the pixels P4 to P6 that RSP = 0, G = 255, and

B = 255, it is specified in the RGBW data, for each of the
pixels P4 to P6, that RSP = 85, GSP = 225, BSP = 2255,
and WSP = 85 (see Fig. 3). Fig. 3 shows that a smoother
character edge is displayed than in Fig. 20 and an ap-
propriate antialiasing effect is produced.
[0027] For example, see a case where each pixel of
the liquid crystal panel 5 has a W subpixel (WSP), a B
subpixel (BSP), an R subpixel (RSP), and a G subpixel
(GSP) placed in the first row and the first column, in the
first row and the second column, in the second row and
the second column, and in the second row and the first
column, respectively. In this case, when it is specified in
the font (RGB data), for a particular pixel falling on part
of a character edge (such a pixel as the pixels P1 to P6
of Fig. 15, which shows an example of a display of the
font on a three-color liquid crystal display device), that
the RSP takes on a tone Tx, that the GSP takes on a
tone Ty, and that the BSP takes on a tone Tz, it is specified
in the RGBW data, as shown in Fig. 4, that the WSP and
GSP of the particular pixel each take on a tone which is
obtained by rounding (2/3) 3 Tx + (1/3) 3 Ty down to
the nearest whole number and that the BSP and RSP of
the particular pixel each take on a tone which is obtained
by rounding (1/3) 3 Ty + (2/3) 3 Tz down to the nearest
whole number.
[0028] The method for creating RGBW data in a case
where the liquid crystal panel 5 has pixels each consti-
tuted by four subpixels having four different colors, re-
spectively, arranged in a two-by-two matrix is not limited
to that described above.
[0029] For example, let it be assumed that Ka = Kc =
Ke = Kg = 0, Kb = Kd = Kf = Kh = 1, and α = β = γ = δ =
1, and see a case where each pixel of the liquid crystal
panel 5 has an R subpixel (RSP), a G subpixel (GSP), a
B subpixel (BSP), and a W subpixel (WSP) placed in the
first row and the first column, in the first row and the sec-
ond column, in the second row and the second column,
and in the second row and the first column, respectively.
In this case, when it is specified in the font (RGB data),
for a particular pixel falling on part of a character edge
(such a pixel as the pixels P1 to P6 of Fig. 15, which
shows an example of a display of the font on a three-color
liquid crystal display device), that the RSP takes on a
tone Tx, that the GSP takes on a tone Ty, and that the
BSP takes on a tone Tz, it can also be specified in the
RGBW data, as shown in Fig. 5, that the RSP and WSP
of the particular pixel each take on the tone Tx and that
the GSP and BSP of the particular pixel each take on the
tone Tz.
[0030] Further, when the R, G, B, and W subpixels dis-
play identical tones with a luminance ratio of LR:LG:LB:
LW (e.g., 0.298:0.586:0.114:1), it can also be specified
in Fig. 1 that α = 2 3 (LW)/(LR + LW), β = 2 3 (LB)/(LG
+ LB), γ = 2 3 (LG)/(LG + LB), and δ = 2 3 (LR)/(LR +
LW). That is, it can also be specified in the RGBW data,
as shown in Fig. 6, that the RSP of a particular pixel falling
on part of a character edge takes on a tone which is
obtained by rounding (2/3) 3 Tx + (1/3) 3 Ty 3 (LW)/
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(LR + LW) to the nearest whole number, that the GSP of
the particular pixel takes on a tone which is obtained by
rounding (1/3) 3 Ty + (2/3) 3 Tz 3 (LB)/(LG + LB) to the
nearest whole number, that the BSP of the particular pixel
takes on a tone which is obtained by rounding (1/3) 3 Ty
+ (2/3) 3 Tz 3 (LG)/(LG + LB) to the nearest whole
number, and that the WSP of the particular pixel takes
on a tone which is obtained by rounding (2/3) 3 Tx +
(1/3) 3 Ty 3 (LR)/(LR + LW) to the nearest whole
number. This produces a more appropriate antialiasing
effect.

[Embodiment 2]

[0031] The liquid crystal panel 5 has pixels each con-
stituted by first to fourth subpixels having four different
colors, respectively, arranged in four columns of stripe
(with the first to fourth subpixels being placed in the first
to fourth columns, respectively). When it is specified in
the font (RGB data), for a particular pixel falling on part
of a character edge, that the subpixel in the first column
takes on a tone Tx, that the subpixel in the second column
takes on a tone Ty, and that the subpixel in the third
column takes on a tone Tz, it is specified in the RGBW
data, for the particular pixel, that the first subpixel takes
on a tone which is obtained by performing rounding on
α 3 (Tx 3 KB + Ty 3 KA) = P, that the second subpixel
takes on a tone which is obtained by performing rounding
on β 3 (Tx 3 KC + Ty 3 KD) = Q, that the third subpixel
takes on a tone which is obtained by performing rounding
on γ 3 (Ty 3 KE + Tz 3 KF) = V, and that the fourth
subpixel takes on a tone which is obtained by performing
rounding on δ 3 (Ty 3 KG + Tz 3 KH) = U, where 0 ≤
KA < KB ≤ 1, 0 ≤ KC ≤ 1, 0 ≤ KD ≤ 1, 0 ≤ KE ≤ 1, 0 ≤ KF
≤ 1, 0 ≤ KG < KH ≤ 1, and α, β, γ, and δ are each a positive
number.
[0032] It is preferable that KA = KG = 0, KB = KH = 1,
KC = KF = 1/3, KD = KE = 2/3, and α = β = γ = δ = 1. See
a case where each pixel of the liquid crystal panel 5 has
an R subpixel (RSP), a G subpixel (GSP), a B subpixel
(BSP), and a W subpixel (WSP) placed in the first to
fourth columns, respectively. In this case, when it is spec-
ified in the font (RGB data), for a particular pixel falling
on part of a character edge (such a pixel as the pixels
P1 to P6 of Fig. 15, which shows an example of a display
of the font on a three-color liquid crystal display device),
that the R subpixel in the first column takes on a tone Tx,
that the G subpixel in the second column takes on a tone
Ty, and that the B subpixel in the third column takes on
a tone Tz, it is specified in the RGBW data, as shown in
Fig. 7, that the RSP of the particular pixel takes on the
tone Tx, that the GSP of the particular pixel takes on a
tone which is obtained by rounding (1/3) 3 Tx + (2/3) 3
Ty down to the nearest whole number, that the BSP of
the particular pixel takes on a tone which is obtained by
rounding (2/3) 3 Ty + (1/3) 3 Tz down to the nearest
whole number, and that the WSP of the particular pixel
takes on the tone Tz. Further, when it is specified in the

font (RGB data), for a pixel other than the particular pixel,
that the R subpixel in the first column takes on a tone TX,
that the G subpixel in the second column takes on a tone
TY, and that the B subpixel in the third column takes on
a tone TZ, it is specified in the RGBW data, as shown in
Fig. 8, that RSP = j 3 TX - (smallest value among the
tones TX, TY, and TZ), GSP = j 3 TY - (smallest value
among the tones TX, TY, and TZ), BSP = j 3 TZ - (small-
est value among the tones TX, TY, and TZ), and WSP =
smallest value among the tones TX, TY, and TZ (where
1 ≤ j ≤ 2).
[0033] Since, in Fig. 15, it is specified in each of the
pixels P1 to P3 that RSP = 255, G = 255, and B = 0, it is
specified in the RGBW data, for each of the pixels P1 to
P3, that RSP = 255, GSP = 255, BSP = 170, and WSP
= 0 (see Fig. 9). Further, since, in Fig. 15, it is specified
in each of the pixels P4 to P6 that RSP = 0, G = 255, and
B = 255, it is specified in the RGBW data, for each of the
pixels P4 to P6, that RSP = 0, GSP = 170, BSP = 225,
and WSP = 255 (see Fig. 9). Fig. 9 shows that a smoother
character edge is displayed than in Fig. 21 and an ap-
propriate antialiasing effect is produced.
[0034] For example, see a case where each pixel of
the liquid crystal panel 5 has a B subpixel (BSP), a W
subpixel (BSP), an G subpixel (RSP), and an R subpixel
(GSP) placed in the first to fourth rows, respectively. In
this case, when it is specified in the font (RGB data), for
a particular pixel falling on part of a character edge (such
a pixel as the pixels P1 to P6 of Fig. 15, which shows an
example of a display of the font on a three-color liquid
crystal display device), that the RSP takes on a tone Tx,
that the GSP takes on a tone Ty, and that the BSP takes
on a tone Tz, it is specified in the RGBW data, as shown
in Fig. 10, that the BSP of the particular pixel takes on
the tone Tx, that the WSP of the particular pixel takes on
a tone which is obtained by rounding (1/3) 3 Tx + (2/3)
3 Ty down to the nearest whole number, that the GSP
of the particular pixel takes on a tone which is obtained
by rounding (2/3) 3 Ty + (1/3) 3 Tz down to the nearest
whole number, and that the RSP of the particular pixel
takes on the tone Tz.
[0035] The method for creating RGBW data in a case
where the liquid crystal panel 5 has pixels each consti-
tuted by four subpixels having four different colors, re-
spectively, arranged in stripes is not limited to that de-
scribed above.
[0036] For example, it may be that KA = KD = KE =
KG = 0, KB = KH = KC = KF = 1, and α = β = γ = δ = 1.
See a case where each pixel of the liquid crystal panel
5 has an R subpixel (RSP), a G subpixel (GSP), a B
subpixel (BSP), and a W subpixel (WSP) placed in the
first to fourth columns, respectively. In this case, when it
is specified in the font (RGB data), for a particular pixel
falling on part of a character edge (such a pixel as the
pixels P1 to P6 of Fig. 15, which shows an example of a
display of the font on a three-color liquid crystal display
device), that the RSP takes on a tone Tx, that the GSP
takes on a tone Ty, and that the BSP takes on a tone Tz,
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it can also be specified in the RGBW data, as shown in
Fig. 11, that the RSP and GSP of the particular pixel each
take on the tone Tx and that the BSP and WSP of the
particular pixel each take on the tone Tz.
[0037] Alternatively, it may also be that KA = KC = KF
= KG O, KB = KD = KE = KH = 1, and α = β = γ = δ = 1.
See a case where each pixel of the liquid crystal panel
5 has an R subpixel (RSP), a G subpixel (GSP), a B
subpixel (BSP), and a W subpixel (WSP) placed in the
first to fourth columns, respectively. In this case, when it
is specified in the font (RGB data), for a particular pixel
falling on part of a character edge (such a pixel as the
pixels P1 to P6 of Fig. 15, which shows an example of a
display of the font on a three-color liquid crystal display
device), that the RSP takes on a tone Tx, that the GSP
takes on a tone Ty, and that the BSP takes on a tone Tz,
it can also be specified in the RGBW data, as shown in
Fig. 12, that the RSP of the particular pixel takes on the
tone Tx, that the GSP and BSP of the particular pixel
each take on the tone Ty, and that the WSP of the par-
ticular pixel takes on the tone Tz.
[0038] A liquid crystal display device according the
present invention is a liquid crystal display device includ-
ing: pixels each composed of first to fourth subpixels hav-
ing four different colors, respectively, the first to fourth
subpixels being arranged in a two-by-two matrix, the first
subpixel being placed in the first row and the first column,
the second subpixel being placed in the first row and the
second column, the third subpixel being placed in the
second row and the second column, the fourth subpixel
being placed in the second row and the first column, in
displaying a font (i) subjected to subpixel rendering prem-
ised on a pixel composed of three subpixels having three
different colors, respectively, the three subpixels being
arranged in three columns of stripe, and (ii) specified,
regarding a predetermined pixel falling on part of a char-
acter edge, that the subpixel in the first column takes on
a tone Tx, that the subpixel in the second column takes
on a tone Ty, and that the subpixel in the third column
takes on a tone Tz, the liquid crystal display device spec-
ifying, regarding the predetermined pixel, that the first
subpixel takes on a tone which is obtained by performing
rounding on α 3 (Tx 3 Kb + Ty 3 Ka) = p, that the second
subpixel takes on a tone which is obtained by performing
rounding on β 3 (Ty 3 Kc + Tz 3 Kd) = q, that the third
subpixel takes on a tone which is obtained by performing
rounding on γ 3 (Ty 3 Ke + Tz 3 Kf) = v, and that the
second subpixel takes on a tone which is obtained by
performing rounding on δ 3 (Tx 3 Kh + Ty 3 Kg) = u,
where 0 ≤ Ka < Kb ≤ 1, 0 ≤ Kc < Kd ≤ 1, 0 ≤ Ke < Kf ≤ 1,
0 ≤ Kg < Kh ≤ 1, and α, β, γ, and δ are each a positive
number.
[0039] The tone of each of the first and fourth subpixels
located in the first column in each pixel of a four-color
liquid crystal display device (i.e., a liquid crystal display
device having pixels each composed of first to fourth sub-
pixels having four different colors, respectively, arranged
in a two-by-two matrix) that falls on part of a character

edge is determined with a higher degree of contribution
of the tone Tx of the subpixel located in the first column
in each pixel of a three-color liquid crystal display device,
and the tone of each of the second and third subpixels
located in the second column in each pixel of the four-
color liquid crystal display is determined with a higher
degree of contribution of the tone Tz of the subpixel lo-
cated in the third column in each pixel of the three-color
liquid crystal display device. This makes it possible to
produce an appropriate antialiasing effect on a font dis-
played on the four-color liquid crystal display device.
[0040] The liquid crystal display device according to
the present invention can also be configured such that
Ka/ Kb = Kc/Kd = Ke/Kf = Kg/Kh = 1/2.
[0041] The liquid crystal display device according to
the present invention can also be configured such that
Ka = Kc = Ke = Kg = 0 and Kb = Kd = Kf = Kh = 1.
[0042] A liquid crystal display device according the
present invention is a liquid crystal display device includ-
ing: pixels each composed of first to fourth subpixels hav-
ing four different colors, respectively, the first to fourth
subpixels being arranged in four columns of stripe, the
first subpixel being placed in the first column, the second
subpixel being placed in the second column, the third
subpixel being placed in the third column, the fourth sub-
pixel being placed in the fourth column, in displaying a
font (i) subjected to subpixel rendering premised on a
pixel composed of three subpixels having three different
colors, respectively, the three subpixels being arranged
in three columns of stripe, and (ii) specified, regarding a
predetermined pixel falling on part of a character edge,
that the subpixel in the first column takes on a tone Tx,
that the subpixel in the second column takes on a tone
Ty, and that the subpixel in the third column takes on a
tone Tz, the liquid crystal display device specifying, re-
garding the predetermined pixel, that the first subpixel
takes on a tone which is obtained by performing rounding
on α 3 (Tx 3 KB + Ty x KA) = P, that the second subpixel
takes on a tone which is obtained by performing rounding
on β 3 (Tx 3 KC + Ty 3 KD) = Q, that the third subpixel
takes on a tone which is obtained by performing rounding
on γ 3 (Ty 3 KE + Tz 3 KF) = V, and that the fourth
subpixel takes on a tone which is obtained by performing
rounding on δ 3 (Ty 3 KG + Tz 3 KH) = U, where 0 ≤
KA < KB ≤ 1, 0 ≤ KC ≤ 1, 0 ≤ KD ≤ 1, 0 ≤ KE ≤ 1, 0 ≤ KF
≤ 1, 0 ≤ KG < KH ≤ 1 , and α, β, γ, and δ are each a
positive number.
[0043] The tone of the first subpixel located in the first
column in each pixel of a four-color liquid crystal display
device (i.e., a liquid crystal display device having pixels
each composed of first to fourth subpixels having four
different colors, respectively. arranged in stripes) that
falls on part of a character edge is determined with a
higher degree of contribution of the tone Tx of the sub-
pixel located in the first column in each pixel of a
three-color liquid crystal display device, and the tone of
the fourth subpixels located in the fourth column in each
pixel of the four-color liquid crystal display is determined
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with a higher degree of contribution of the tone Tz of the
subpixel located in the third column in each pixel of the
three-color liquid crystal display device. This makes it
possible to produce an appropriate antialiasing effect on
a font displayed on the four-color liquid crystal display
device.
[0044] The liquid crystal display device according to
the present invention can also be configured such that
KA = KG = 0, KB = KH = 1, and KC/KD = KE/KF = 1/2.
[0045] The liquid crystal display device according to
the present invention can also be configured such that
the four colors are red, green, blue, and white, and the
three colors are red, green, and blue.
[0046] The liquid crystal display device according to
the present invention can also be configured such that
the font is Clear Type (registered trademark).
[0047] The liquid crystal display device according to
the present invention can also be configured such that
of the three subpixels arranged in three columns of stripe,
the subpixel in the first column is of the same color as
the first subpixel, the subpixel in the second column is of
the same color as the second subpixel, and the subpixel
in the third column is of the same color as the third sub-
pixel.
[0048] The liquid crystal display device according to
the present invention can also be configured such that
in displaying a font specified, regarding a pixel not falling
on a character edge, that the subpixel in the first column
takes on a tone TX, that the subpixel in the second column
takes on a tone TY, and that the subpixel in the third
column takes on a tone TZ, the liquid crystal display de-
vice specifies, for the pixel not falling on a character edge,
that the first subpixel takes on a tone which is obtained
by performing rounding on (j 3 TX) TM = X, that the
second subpixel takes on a tone which is obtained by
performing rounding on (j 3 TY) - TM = Y, that the third
subpixel takes on a tone which is obtained by performing
rounding on (j 3 TZ) - TM = Z, and that the second sub-
pixel takes on a tone TM, where 1 ≤ j ≤ 2 and the tone
TM is the smallest tone among the tones TX, TY, and TZ.
[0049] The liquid crystal display device according to
the present invention can also be configured such that α
= β = γ = δ = 1.
[0050] The liquid crystal display device according to
the present invention can also be configured such that
when the first to fourth subpixels displays identical tones
with a luminance ratio of L1:L2:L3:L4, α = 2 3 L4/(L1 +
L4), β = 2 3 L3/(L2 + L3), γ = 23L2/(L2 + L3), and δ = 2
3 L1/L1 + L4).
[0051] The liquid crystal display device according to
the present invention can also be configured such that
the first to fourth subpixels are red, green, blue, and white,
respectively.
[0052] The liquid crystal display device according to
the present invention can also be configured such that
the rounding is rounding down to a predetermined deci-
mal place or rounding off a predetermined decimal place.
[0053] A method for displaying a font on a liquid crystal

display device according to the present invention is a
method for displaying a font on a liquid crystal display
device including pixels each composed of first to fourth
subpixels having four different colors, respectively, the
first to fourth subpixels being arranged in a two-by-two
matrix, the first subpixel being placed in the first row and
the first column, the second subpixel being placed in the
first row and the second column, the third subpixel being
placed in the second row and the second column, the
fourth subpixel being placed in the second row and the
first column, the method including the step of, in display-
ing a font (i) subjected to subpixel rendering premised
on a pixel composed of three subpixels having three dif-
ferent colors, respectively, the three subpixels being ar-
ranged in three columns of stripe, and (ii) specified, re-
garding a predetermined pixel falling on part of a char-
acter edge, that the subpixel in the first column takes on
a tone Tx, that the subpixel in the second column takes
on a tone Ty, and that the subpixel in the third column
takes on a tone Tz, specifying, regarding the predeter-
mined pixel, that the first subpixel takes on a tone which
is obtained by performing rounding on α 3 (Tx 3 Kb +
Ty 3 Ka) = p, that the second subpixel takes on a tone
which is obtained by performing rounding on β 3 (Ty 3
Kc + Tz 3 Kd) = q, that the third subpixel takes on a tone
which is obtained by performing rounding on γ 3 (Ty 3
Ke + Tz 3 Kf) = v, and that the fourth subpixel takes on
a tone which is obtained by performing rounding on δ 3
(Tx 3 Kh + Ty 3 Kg) = u, where 0 ≤ Ka < Kb ≤ 1, 0 ≤ Kc
< Kd ≤ 1, 0 ≤ Ke < Kf ≤ 1, 0 ≤ Kg < Kh ≤ 1, and α, β, γ,
and δ are each a positive number.
[0054] A method for displaying a font on a liquid crystal
display device according to the present invention is a
method for displaying a font on a liquid crystal display
device including pixels each composed of first to fourth
subpixels having four different colors, respectively, the
first to fourth subpixels being arranged in four columns
of stripe, the first subpixel being placed in the first column,
the second subpixel being placed in the second column,
the third subpixel being placed in the third column, the
fourth subpixel being placed in the fourth column, the
method including the step of, in displaying a font (i) sub-
jected to subpixel rendering premised on a pixel com-
posed of three subpixels having three different colors,
respectively, the three subpixels being arranged in three
columns of stripe, and (ii) specified, regarding a prede-
termined pixel falling on part of a character edge, that
the subpixel in the first column takes on a tone Tx, that
the subpixel in the second column takes on a tone Ty,
and that the subpixel in the third column takes on a tone
Tz, specifying, regarding the predetermined pixel, that
the first subpixel takes on a tone which is obtained by
performing rounding on α 3 (Tx 3 KB + Ty 3 KA) = P,
that the second subpixel takes on a tone which is ob-
tained by performing rounding on β 3 (Tx 3 KC + Ty 3
KD) = Q, that the third subpixel takes on a tone which is
obtained by performing rounding on γ 3 (Ty 3 KE + Tz
3 KF) = V, and that the fourth subpixel takes on a tone
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which is obtained by performing rounding on δ 3 (Ty 3
KG + Tz 3 KH) = U, where 0 ≤ KA < KB ≤ 1, 0 ≤ KC ≤ 1,
0 ≤ KD ≤1, 0 ≤ KE ≤ 1, 0 ≤ KF ≤ 1, 0 ≤ KG < KH ≤ 1, and
α, β, γ, and δ are each a positive number.
[0055] The present invention is not limited to the de-
scription of the embodiments above. An embodiment
based on a proper alteration of the embodiment or on a
proper combination of the embodiments is encompassed
in the embodiments of the present invention.

Industrial Applicability

[0056] A liquid crystal display device is suitably appli-
cable, for example, to electronic books, cellular phones,
laptop PCs, etc.

Reference Signs List

[0057]

Tx to Tz Tone of RGB data
TX to TZ Tone of RGB data
P1 to P6 Particular pixel
1 Liquid crystal display device
2 Display control circuit
5 Liquid crystal panel
6 Data conversion circuit

Claims

1. A liquid crystal display device comprising:

pixels each composed of first to fourth subpixels
having four different colors, respectively, the first
to fourth subpixels being arranged in a two-by-
two matrix, the first subpixel being placed in the
first row and the first column, the second sub-
pixel being placed in the first row and the second
column, the third subpixel being placed in the
second row and the second column, the fourth
subpixel being placed in the second row and the
first column,
in displaying a font (i) subjected to subpixel ren-
dering premised on a pixel composed of three
subpixels having three different colors, respec-
tively, the three subpixels being arranged in
three columns of stripe, and (ii) specified, re-
garding a predetermined pixel falling on part of
a character edge, that the subpixel in the first
column takes on a tone Tx, that the subpixel in
the second column takes on a tone Ty, and that
the subpixel in the third column takes on a tone
Tz,
said liquid crystal display device specifying, re-
garding the predetermined pixel, that the first
subpixel takes on a tone which is obtained by
performing rounding on α 3 (Tx 3 Kb + Ty 3

Ka) = p, that the second subpixel takes on a tone
which is obtained by performing rounding on β
3 (Ty 3 Kc + Tz 3 Kd) = q, that the third subpixel
takes on a tone which is obtained by performing
rounding on γ 3 (Ty 3 Ke + Tz 3 Kf) = v, and
that the fourth subpixel takes on a tone which is
obtained by performing rounding on δ 3 (Tx 3
Kh + Ty 3 Kg) = u,
where 0 ≤ Ka < Kb ≤ 1, 0 ≤ Kc < Kd ≤ 1, 0 ≤ Ke
< Kf ≤ 1, 0 ≤ Kg < Kh ≤ 1, and α, β, γ, and δ are
each a positive number.

2. The liquid crystal display device as set forth in claim
1, wherein Ka/Kb = Kc/Kd = Ke/Kf = Kg/Kh = 1/2.

3. The liquid crystal display device as set forth in claim
1, wherein Ka = Kc = Ke =Kg = 0 and Kb = Kd = Kf
= Kh = 1.

4. A liquid crystal display device comprising:

pixels each composed of first to fourth subpixels
having four different colors, respectively, the first
to fourth subpixels being arranged in four col-
umns of stripe, the first subpixel being placed in
the first column, the second subpixel being
placed in the second column, the third subpixel
being placed in the third column, the fourth sub-
pixel being placed in the fourth column,
in displaying a font (i) subjected to subpixel ren-
dering premised on a pixel composed of three
subpixels having three different colors, respec-
tively, the three subpixels being arranged in
three columns of stripe, and (ii) specified, re-
garding a predetermined pixel falling on part of
a character edge, that the subpixel in the first
column takes on a tone Tx, that the subpixel in
the second column takes on a tone Ty, and that
the subpixel in the third column takes on a tone
Tz,
said liquid crystal display device specifying, re-
garding the predetermined pixel, that the first
subpixel takes on a tone which is obtained by
performing rounding on α 3 (Tx 3 KB + Ty 3
KA) = P, that the second subpixel takes on a
tone which is obtained by performing rounding
on β 3 (Tx 3 KC + Ty 3 KD) = Q, that the third
subpixel takes on a tone which is obtained by
performing rounding on γ 3 (Ty 3 KE + Tz 3
KF) = V, and that the fourth subpixel takes on a
tone which is obtained by performing rounding
one δ 3 (Ty 3 KG + Tz 3 KH) = U,
where 0 ≤ KA < KB ≤ 1, 0 ≤ KC ≤ 1, 0 ≤ KD ≤ 1,
0 ≤ KE ≤ 1, 0 ≤ KF ≤ 1, 0 ≤ KG < KH ≤ 1, and α,
β, γ, and δ are each a positive number.

5.  The liquid crystal display device as set forth in claim
4, wherein KA = KG = 0, KB = KH = 1, and KC/KD
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= KE/KF = 1/2.

6. The liquid crystal display device as set fort in any
one of claims 1 to 5, wherein the four colors are red,
green, blue, and white, and the three colors are red,
green, and blue.

7. The liquid crystal display device as set forth in any
one of claims 1 to 6, wherein the font is Clear Type
(registered trademark) .

8. The liquid crystal display device as set forth in any
one of claims 1 to 7, wherein of the three subpixels
arranged in three columns of stripe, the subpixel in
the first column is of the same color as the first sub-
pixel, the subpixel in the second column is of the
same color as the second subpixel, and the subpixel
in the third column is of the same color as the third
subpixel.

9. The liquid crystal display device as set forth in claim
8, wherein in displaying a font specified, regarding
a pixel not falling on a character edge, that the sub-
pixel in the first column takes on a tone TX, that the
subpixel in the second column takes on a tone TY,
and that the subpixel in the third column takes on a
tone TZ,
the liquid crystal display device specifies, regarding
the pixel not falling on a character edge, that the first
subpixel takes on a tone which is obtained by per-
forming rounding on (j 3 TX) - TM = X, that the sec-
ond subpixel takes on a tone which is obtained by
performing rounding on 3 TY) - TM = Y, that the third
subpixel takes on a tone which is obtained by per-
forming rounding on (j 3 TZ) - TM = Z, and that the
second subpixel takes on a tone TM,
where 1 ≤ j ≤ 2 and the tone TM is the smallest tone
among the tones TX, TY, and TZ.

10. The liquid crystal display device as set fort in any
one of claims 1 to 9, wherein α = β = γ = δ = 1.

11. The liquid crystal display device as set forth in claim
1, wherein when the first to fourth subpixels displays
identical tones with a luminance ratio of L1:L2:L3:
L4, α = 2 3 L4/(L1 + L4), β = 2 3 L3/(L2 + L3), γ =
23L2/(L2 + L3), and δ = 2 3 L1/(L1 + L4).

12. The liquid crystal display device as set forth in claim
6, wherein the first to fourth subpixels are red, green,
blue, and white, respectively.

13. The liquid crystal display device as set forth in any
one of claims 1 to 12, wherein the rounding is round-
ing down to a predetermined decimal place or round-
ing off a predetermined decimal place.

14. A method for displaying a font on a liquid crystal dis-

play device including pixels each composed of first
to fourth subpixels having four different colors, re-
spectively, the first to fourth subpixels being ar-
ranged in a two-by-two matrix, the first subpixel being
placed in the first row and the first column, the second
subpixel being placed in the first row and the second
column, the third subpixel being placed in the second
row and the second column, the fourth subpixel be-
ing placed in the second row and the first column,
the method comprising the step of, in displaying a
font (i) subjected to subpixel rendering premised on
a pixel composed of three subpixels having three
different colors, respectively, the three subpixels be-
ing arranged in three columns of stripe, and (ii) spec-
ified, regarding a predetermined pixel falling on part
of a character edge, that the subpixel in the first col-
umn takes on a tone Tx, that the subpixel in the sec-
ond column takes on a tone Ty, and that the subpixel
in the third column takes on a tone Tz, specifying,
regarding the predetermined pixel, that the first sub-
pixel takes on a tone which is obtained by performing
rounding on α 3 (Tx 3 Kb + Ty 3 Ka) = p, that the
second subpixel takes on a tone which is obtained
by performing rounding on β 3 (Ty 3 Kc + Tz 3 Kd)
= q, that the third subpixel takes on a tone which is
obtained by performing rounding on γ 3 (Ty 3 Ke +
Tz 3 Kf) = v, and that the fourth subpixel takes on a
tone which is obtained by performing rounding on δ
3 (Tx 3 Kh + Ty 3 Kg) = u,
where 0 ≤ Ka < Kb ≤ 1, 0 ≤ Kc < Kd ≤ 1, 0 ≤ Ke < Kf
≤ 1, 0 ≤ Kg < Kh ≤ 1, and α, β, γ, and δ are each a
positive number.

15. A method for displaying a font on a liquid crystal dis-
play device including pixels each composed of first
to fourth subpixels having four different colors, re-
spectively, the first to fourth subpixels being ar-
ranged in four columns of stripe, the first subpixel
being placed in the first column, the second subpixel
being placed in the second column, the third subpixel
being placed in the third column, the fourth subpixel
being placed in the fourth column,
the method comprising the step of, in displaying a
font (i) subjected to subpixel rendering premised on
a pixel composed of three subpixels having three
different colors, respectively, the three subpixels be-
ing arranged in three columns of stripe, and (ii) spec-
ified, regarding a predetermined pixel falling on part
of a character edge, that the subpixel in the first col-
umn takes on a tone Tx, that the subpixel in the sec-
ond column takes on a tone Ty, and that the subpixel
in the third column takes on a tone Tz, specifying,
regarding the predetermined pixel, that the first sub-
pixel takes on a tone which is obtained by performing
rounding on α 3 (Tx 3 KB + Ty 3 KA) = P, that the
second subpixel takes on a tone which is obtained
by performing rounding on β 3 (Tx 3 KC + Ty 3 KD)
= Q, that the third subpixel takes on a tone which is
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obtained by performing rounding on γ 3 (Ty 3 KE +
Tz 3 KF) = V, and that the fourth subpixel takes on
a tone which is obtained by performing rounding on
δ 3 (Ty 3 KG + Tz 3 KH) = U,
where 0 ≤ KA < KB ≤ 1, 0 ≤ KC ≤ 1, 0 ≤ KD ≤ 1, 0 ≤
KE ≤ 1, 0 ≤ KF ≤ 1, 0 ≤ KG < KH ≤ 1, and α, β, γ, and
δ are each a positive number.
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摘要(译)

四色液晶显示装置具有包含分别具有四种不同颜色的第一至第四子像素
（下文中简称为“SP”）的像素，所述第一至第四子像素以二乘二矩阵排
列，第一至第四SP被放置在第一行和第一列，第一行和第二列，第二行
和第二列，以及第二行和第一列。在显示以由三个不同颜色的三个SP组
成的像素为前提的子像素着色的字体（i），排列成三列条纹，并且（ii）
指定，关于落在字符边缘的一部分上的预定像素，第一列中的SP采用音
调Tx，第二列中的SP采用音调Ty，并且第三列中的SP采用音调Tz，液
晶显示设备指定，用于预定像素，第一和第四SP中的每一个呈现通过在
（Tx×2/3）+（Ty×1/3）= p上执行舍入而获得的音调以及第二和第三SP
中的每一个呈现的通过对（Ty×1/3）+（Tz×2/3）= v进行舍入而获得的
色调。这允许四色液晶显示装置适当地显示子像素着色字体（例如，
Clear Type（注册商标））。
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