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Description

TECHNICAL FIELD

[0001] The present invention generally relates to liquid
crystal displays, and more particularly to color generation
for liquid crystal displays.

BACKGROUND

[0002] Liquid crystal displays able to show alphanu-
meric and/or graphical information in various colors are
well known in the art. Such liquid crystal color displays
are used in avionics, computers, telephones, medical im-
aging, vehicles, and various other applications. In many
cases the displayed colors may convey functional infor-
mation. For example, and not intended to be limiting, text,
numbers, and/or symbols, or a combination thereof may
signify a substantially ’safe’ condition when presented in
green, a ’caution’ condition when presented in yellow or
amber, and a potential ’danger’ condition when present-
ed in red. In such instances, the color of the image is
intended to convey information to the user, in addition to
or as a supplement to the information provided by the
content of the image. Thus, color fidelity including color
fidelity as a function of viewing angle or other factors,
can be important. For example, if the color perceived by
the viewer changes depending upon, for example, view-
ing angle, or the image contrast or luminance, this can
potentially lead to mistaken interpretation of the dis-
played information. In addition, various users desire that
the colors presented conform to particular standards.
Thus, having a large number of color choices may also
be important.
[0003] While present day color liquid crystal displays
are very useful they do suffer certain drawbacks. For ex-
ample, the viewing angle over which color fidelity is rea-
sonably preserved may be undesirably narrow, and/or
the absolute color provided by the display can vary de-
pending upon the drive intensity, and/or the number of
possible colors that can be displayed may be undesirably
limited, and/or the display brightness may be weak and
insufficient to permit easy viewing in sunlight or other
bright light conditions, and so forth. Further, color fidelity,
color choice, luminance or brightness, viewing angle, and
other properties often mutually interact so that prior art
approaches for improving one property may cause deg-
radation in another property.
[0004] Accordingly, it is desirable to provide an im-
proved color generation apparatus and method for color
liquid crystal displays, especially for displays suitable for
use in avionics systems. In addition there is an ongoing
need to provide a display and method of driving the dis-
play that maximizes the number of available color choic-
es and useful viewing angles, without significantly de-
tracting from the display brightness and life. Furthermore,
other desirable features and characteristics of the
present invention will become apparent from the subse-

quent detailed description and the appended claims, tak-
en in conjunction with the accompanying drawings and
the foregoing technical field and background.
US-A-2004/061711 discloses a method for converting
resolution of image data which is capable of making a
high-resolution image data without incompatibility by im-
proving a viewing angle range when displaying low res-
olution image data after resolution conversion.
The present invention provides an apparatus for a color
liquid crystal display (CLCD) system. The apparatus
comprises a CLCD having therein multiple substantially
red (R), green (G), and blue (B) pixels, each pixel adapted
to receive excitation in varying magnitude so as to cause
different amounts of R, G, and B light to exit each pixel
in response to the excitation, wherein the CLCD includes
an input for receiving excitation information for the pixels;
and a processor having an output coupled to the input of
the CLCD for supplying the excitation information thereto,
the CLCD system being characterized by the processor
being configured to receive at least one character code
defining a character outline for a character to be dis-
played by the CLCD and at least one color code defining
a color pattern determinative in part of a color in which
the character is to be displayed by the CLCD, the proc-
essor operable to combine the color pattern the character
outline to produce a composite array incorporating both
spatial shading and gray level mixing for the pixels of the
CLCD and to supply the excitation information to the
CLCD based at least in part on the composite array.
A method is also provided for driving a color liquid crystal
display (CLCD) to show one or more predetermined char-
acters in a predetermined color. The method comprises
receiving a character code defining the character to be
displayed and a color code defining the predetermined
color; determining a character outline from the character
code and determining a color pattern from the color code;
combining the character outline and the color pattern to
produce a composite array having combined pixel values
at least for each pixel within the character outline; deter-
mining red (R), green (G), and blue (B) pixel drive mag-
nitudes for each pixel based at least in part on the com-
bined pixel values; and sending the pixel drive magni-
tudes to the pixels of the CLCD.
The present invention will hereinafter be described in
conjunction with the following drawing figures, wherein
like numerals denote like elements, and

FIGS. 1A and 1B are simplified plan and side views
of an observer positioned with respect to a liquid
crystal display;
FIG. 2 shows a simplified electrical schematic of a
display drive system, coupled to a color liquid crystal
display; according to the present invention;
FIGS. 3A - 3E are simplified plan views of a portion
of the liquid crystal display different condition of ex-
citation;
FIGS. 4 - 6 show various look-up tables for imple-
menting the present invention according to a pre-
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ferred embodiment for an exemplary color;
FIG. 7 shows a simplified flow chart illustrating the
method of the present invention;
FIG. 8 shows a 1976 u’, v’ CIE Chromaticity Diagram
on which the present invention’s viewing angle shift
and color matching capability are compared to prior
art approaches, for an exemplary color; and
FIG. 9 is a table wherein the experimental results
illustrated graphically in FIG. 8 are presented in nu-
meric and descriptive form.

DETAILED DESCRIPTION

[0005] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. Furthermore,
there is no intention to be bound by any expressed or
implied theory presented in the preceding technical field,
background, brief summary or the following detailed de-
scription.
[0006] FIGS. 1A shows simplified plan view 20 and 1B
shows simplified side view 30 of observer 21 positioned
with respect to liquid crystal display 22. Display 22 emits
light at different angles as indicated by rays 24-26 in FIG.
1A and rays 34-36 in FIG. 1B. FIG. 1A shows observer
21 in different azimuthal positions, for example along arc
23, receiving ray 24, or ray 25 or ray 26 depending upon
the observer’s position. Rays 25, 26 make angles 27, 28
with respect to central ray 24 in FIG. 1A. FIG. 1B shows
observer 21 in different vertical positions, for example
along arc 33, receiving ray 34, or ray 35 or ray 36 de-
pending upon the observer’s position. Rays 35, 36 make
angles 37, 38 with respect to central ray 34 in FIG. 1B.
One of the problems often associated with prior art color
liquid crystal displays is that the color perceived by ob-
server 21 can change depending upon the magnitude of
angles 27, 28, 37, 38.
[0007] FIG. 2 shows simplified electrical schematic of
display drive system 50, coupled to color liquid crystal
display (CLCD) 22, according to an embodiment of the
present invention. The depicted CLCD 22 includes sev-
eral layers or regions, for example, and not intended to
be limiting, backlight 52, thin film transistor (TFT) drive
array layer 55, liquid crystal region layer 56 (hereafter
active region 56) and color filter layer 57. Backlight 52
receives power via lead or connection 53 and produces
substantially white light directed toward layers 55, 56,
57. In the preferred embodiment, backlight 52 employs
an array of white light emitting diodes. TFT layer 55 re-
ceives drive signals from graphics processor 60 via leads
or bus 61 and provides the appropriate signals to CLCD
layer 56 to cause its light transmission to vary pixel by
pixel. Filter layer 57 contains pixel-size regions for each
primary color: red, green and blue. Each pixel region in
layer 57 corresponds in size and location to an individual
TFT on TFT array layer 55. The alignment of the liquid
crystal in region 56 is electrically switched by the drive
voltage to the TFT. When the liquid crystal in region 56

is electrically aligned between the TFT active pixels in
layer 55 and the overlying portion of color filter layer 57,
light is emitted from CLCD 22 in direction 54 toward ob-
server 21, and is red, green or blue depending upon the
color of the filter portion over the individual TFT. Thus,
by selectively energizing the corresponding TFT in layer
55 under the red, green or blue pixels of filter layer 57, a
large number of different colored light combinations may
be emitted by CLCD 22. As will be explained in more
detail in connection with FIGS. 3-6, different combina-
tions of colored pixels are energized to cause display 22
to present various messages.
[0008] The individual pixels of TFT array layer 55 are
driven by display electronics system 60, which includes
processor (CPU) 62, optional non-volatile memory
(NVM) 63, temporary memory (RAM) 64, program mem-
ory 66, input-output (I/O) device 68 and graphics proc-
essor 70, all mutually coupled by bus or leads 69 so as
to allow intercommunication. User controls 58 are cou-
pled to I/O 68 by bus or leads 59 and graphics processor
70 is coupled to TFT array layer 55 of display 22 by bus
or leads 61. Bus or leads 71 couple font table 72 to graph-
ics processor 70. As will be more fully explained later,
font tables 72 contain information used by graphics proc-
essor 70 to activate pixels of the desired color and inten-
sity in the desired location on display 22 to convey the
desired information. Display electronics system 60 is also
preferably coupled through internal bus 69 and external
bus or leads 65 to general systems bus 67 whereby it
can receive commands and exchange information of in-
terest to the general system (e.g., an avionics system,
not shown). For example, and not intended to be limiting,
display system 60 can receive a command from user
controls 58 or general bus 67 or a combination thereof
to show certain alphanumeric or symbol information such
as, for example, current altitude. Based on information
received from, for example, program memory 66, NVM
63, user input, or controls 58 and/or general systems bus
67, CPU 62 instructs graphics processor 70 to display
altitude information present on general bus 67 in different
colors depending upon the altitude value with respect to
a predetermined minimum desired altitude. The prede-
termined minimum altitude may be stored for example in
NVM 63 or elsewhere, or set by user controls 58 or a
combination thereof. Assume that the minimum desired
altitude has been set at 3000 meters. Then, in response
to instructions retrieved from program memory 66 and/or
general system bus 67, graphics processor 70 in coop-
eration with font tables 72, displays altitudes over 3100
meters in green, altitudes between 3001 and 3100 me-
ters in amber, and altitudes at or below 3000 meters in
red. Those of skill in the art will understand that this is
merely exemplary and is not intended to be limiting. Sys-
tem 50 is able to provide the commanded characters
and/or symbols in the commanded colors with adequate
brightness, color fidelity, and viewing angle. The pre-
ferred means for accomplishing this is explained more
fully in connection with FIGS. 3-6.
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[0009] FIGS. 3A - 3E show simplified plan views of
portions 80, 82, 84, 86, 88 respectively of liquid crystal
display 22 of FIGS. 1-2, under different conditions of ex-
citation. Merely for convenience of explanation and not
intended to be limiting, portions 80-88 have four columns
(A,B,C,D) and six rows (1,2,3,4,5,6) of tri-color pixels.
Each tri-color pixel has three separately addressable
sub-pixels, one red (denoted "R"), one green (denoted
"G") and one blue (denoted "B"). Thus, in each portion
80-88 there are 4 x 6 = 24 pixels of each color and a total
of 3 x 24 = 72 individually activated pixels. For conven-
ience of explanation, the following convention is used
herein. The letters R, G, B identify the color of the re-
spective pixel and the size of the letters indicates the
relative intensity of the drive being supplied and therefore
the illumination from that pixel. The larger the letter the
brighter the pixel. For example, in FIG. 3A, all three colors
of pixels in column A are being exited at the maximum
level so as to have their maximum brightness, while all
three colors in column B are excited at a lower level and
therefore have lower luminance or brightness. All three
colors in column C have still lower excitation and still
lower luminance and all three colors in column D are not
excited at all and therefore exhibit little or no luminance.
For simplicity, in FIG. 3A, each row has the same con-
figuration: column A is the brightest, column B is less
bright, column C is even less bright and column D is OFF.
The difference in brightness is achieved by varying the
excitation voltage applied to the TFT(s) driving the liquid
crystal pixel under the corresponding region of the color-
ed filter layer. Because the R, G, B pixels in each tri-pixel,
are equally excited, the resulting light output from col-
umns A-C will be substantially white, but of different in-
tensity in each column; column A brightest, column B
less bright, column C still less bright and column D dark.
The purpose of display portion 80 in FIG. 3A is to illustrate
the convention used in FIGS. 3B-E where different ways
of exciting the pixels to obtain different colors and viewing
angles are shown.
[0010] For convenience of explanation and not intend-
ed to be limiting, FIGS. 3B-E illustrate various ways of
obtaining an approximately amber output from screen
portions 82-88. In order to produce amber, no blue is
used; therefore all blue ("B") pixels are dark (OFF) in
these examples. This is not intended to be limiting, but
occurs merely because of the colors (yellowish or amber)
chosen for purposes of explanation. Persons of skill in
the art will understand that if a different example color
were chosen, different combinations of the R, G, and B
pixels would be used. In FIG. 3B, a yellowish output is
created by turning on all red (R) and green (G) pixels at
substantially the same brightness level, as indicated by
letters R, G having substantially the same size. For ex-
ample, red pixel 82-1C1 and green pixel 82-1C2 are
turned on full while blue pixel 82-1C3 is dark. This pattern
is repeated in each tri-pixel of array 82. Because the in-
tensity of the individual color pixels is the same, this is
referred to as "equal gray level mixing," that is, there are

no intensity variations from tri-pixel to tri-pixel. While
maximum drive is used on all R, G pixels (e.g., shown
by the largest letter size) this is merely for convenience
of illustration. Equal gray level mixing can occur at any
drive level as long as the drive levels for the various colors
being used are chosen to provide equal light output from
red and green (or whatever colors are being used). When
maximum drive is used, the brightness of the yellowish
color produced in the example of FIG. 3B is good, but
the number of colors that can be produced is significantly
limited.
[0011] FIG. 3C showing array portion 84, illustrates the
use of different pixel drive levels as another way of pro-
ducing a yellowish color, in this case an amber or darker
yellow. In this example, all red (R) pixels receive maxi-
mum drive and produce maximum brightness, but adja-
cent green (G) pixels receive a lower level of drive and
therefore produce less than maximum brightness, as
shown by the smaller relative size of the letter "G" com-
pared to the letter "R." This arrangement is referred to
as unequal gray level mixing. This approach offer many
more possible colors than the approach of FIG. 3B, but
suffers from the disadvantage that there is a significant
color shift with viewing angle. A further difficulty with this
approach is that as certain pixels receive less and less
drive compared to other pixels, that is as the ratio of drive
on the dimmed pixels to the drive on the bright pixels gets
smaller and smaller, the brightness degrades and color
shift with viewing angle gets worse.
[0012] FIG. 3D showing array portion 86, illustrates the
use of what is referred to as spatial shading to achieve
an approximately amber color. All operating pixels are
energized at the same brightness level. In this example,
all of the red pixels are ON but only half of the green
pixels are ON. Thus, referring by way of example to col-
umns C and D of array 86, red pixel 86-1C1 and all other
red pixels in column C (and the other columns) are ON,
and green pixels 86-1 C2 and 86-2D2 are ON and green
pixels 86-2C2 and 86-1D2 are OFF. The ON and OFF
green pixels in adjacent columns are staggered to im-
prove the uniformity of illumination. As before, all blue
pixels are OFF because the desired color is amber. This
approach has a good field of view (little color shift with
viewing angle) relative to the others described above but
is limited in its ability to provide a wide range of colors or
a particularly desired color. Some colors cannot be
achieved at all, or only with spatial shading so coarse
that the low fill factor of the minor color is visible in the
display. This is undesirable.
[0013] FIG. 3E shows display portion 88 illustrating the
preferred arrangement according to the present inven-
tion for producing both a wide range of colors of adequate
brightness and with good viewing angle color perform-
ance. The arrangement of FIG, 3E combines gray level
and spatial mixing. For example, the arrangement of FIG.
3E easily provides the desired amber color by reducing
the drive level on the green (G) pixels, as indicated by
the smaller size of the letters "G" and illuminating only
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every other green pixel in a staggered pattern but at a
different (e.g., lower) luminance level than used for the
red pixels. In this example, the green pixels are driven
at about 70 % of their maximum luminance while the red
pixels are driven to 100 %, as indicated by the different
size of the "R" and "G" letters on the pixels. Thus, red
pixels 88-1A1 and 88 - 1B1 have a higher luminance than
green pixel 88-1A2, and blue pixels 88-1A3 and 88-1B2
are OFF. The staggered pattern of illumination of the
green pixels is repeated throughout the array where the
desired amber color is needed. To achieve the same
color without using spatial shading, the green pixels
would have to be driven at about 30 % of maximum lu-
minance compared to the red pixels. This large difference
in pixel drive levels would cause the color to shift over
the field of view. Thus, the combination of gray level and
spatial shading implemented in FIG. 3E provides superior
results.
[0014] FIG. 4 shows look-up tables or patterns 90,
stored for example, in font tables 72 and/or NVM 63 for
use by system 50 in implementing the present invention
according to a preferred embodiment. Table 92 is an ex-
ample of a typical 18 x 27 character pattern table for the
letter "A" used by graphic processor 70. Each square 93
in table 92 represents a tri-pixel, that is, each square 93
contains R, G, B sub-pixels. Graphic processor 70 (not
shown in FIG. 4) turns on one or more sub-pixels in each
tri-pixel within outline 94 of array or table 92 to produce,
for example, the letter "A." The numbers 1, 2, 3 shown
on the pixels within outline 94 determine, when passed
through color table 98, the relative drive levels to the R,
G, B sub-pixels in order to produce a particular target
color. When used without color pattern table 96, table 92
provides unequal gray level mixing for determining the
resulting character color. Persons of skill in the art will
understand that the letter "A" is used merely by way of
illustration and not intended to be limiting. Any alphanu-
meric character or other graphic that will fit within table
or pattern 92 may be displayed. While character pattern
or table 92 is described as being an 18 x 27 array, this
is merely exemplary and not limiting. Persons of skill in
the art will understand that an array of any one of numer-
ous sizes consistent with the required character resolu-
tion and display size may be used.
[0015] Color pattern or array 96 is similar to array 92
but for implementing spatial shading in order to produce
by way of example and not intended to be limiting a par-
ticular shade of amber. Array 96 alone produces stag-
gered spatial shading analogous to that shown in FIG.
3D where every other green pixel is dark. Persons of skill
in the art will understand that for other colors, the entries
in the boxes of array 96 will be different. Each box in
array 96 corresponds to a tri-pixel box in array 92. Array
or table 96 is shown as being an 8 x 8 array but this is
merely for convenience of explanation and is generally
hardware determined. In the preferred arrangement, a
type 69000 graphics processor chip manufactured by
Asiliant Technologies, San Jose, CA was utilized for driv-

ing CLCD 22. The exemplary 8 x 8 and 18 x 27 row by
column dimensions of tables or patterns 92, 96 are suit-
able for use with the 69000 chip but other row by column
arrangements can be used with other graphics proces-
sors. For example, with an alternating spatial shading
arrangement like that shown in FIG. 3D, a 2 x 2 array is
sufficient. The entries in each box 97 of table 96 deter-
mine the spatial shading employed in display 22 and, in
combination with the entries in table or array 92 deter-
mine the color of the letter or other alphanumeric or
graphic being generated by system 50. The format of
tables 92, 96 are desirably such that they may be super-
posed to produce a result interpretable by color table 98
to generate signals to pixel driver 100 that, in turn, sup-
plies the drive signals to the individual R, G, B pixels in
display 22 (pixel driver 100 is equivalent to graphics proc-
essor 70 of FIG. 2). Array adder 102 is used to combine
tables 92, 96, tri-pixel by tri-pixel, i.e., square by square,
as explained below. The functions of array adder 102,
color table 98 and pixel driver 100 are provided by system
60 of FIG. 2.
[0016] Arrays or tables 92, 96 are conveniently but not
essentially combined by superposition, that is, the con-
tent of each tri-pixel (square) in table 96 is added alge-
braically to the content of the corresponding tri-pixel
(square) in array 92 in array adder 102 and the result fed
to color table 98. The result of combining arrays 92, 96
is illustrated in composite array 110 of FIG. 5. The blank
squares in array 92 outside of outline 94 are assumed to
have value zero. Thus, for those tri-pixels in array 92
outside of outline 94, the summation in array 110 yields
just the alternating 0, 4 values of array 96 for the desired
amber color. Persons of skill in the art will understand
based on the explanation herein that a different pattern
would be used to achieve other colors. Within outline 94
where array 92 has various values 1, 2, 3, these numbers
are added square by square to the numbers 0, 4 shown
square by square in array 96 to obtain composite array
110. In composite array 110, the numbers in the squares
within outline 94 have values 1, 2, 3, 5, 6, 7. While the
foregoing arrangement is preferred, any means for com-
bining a spatial array matrix with a character generator
gray level matrix may be used.
[0017] The values in composite array 110 are fed to
color table 98, which is shown in detail in FIG. 6. The
entries in color table 120 of FIG. 6 relate the composite
array values (abbreviated as "CA values" or "CA #’s") to
the relative drive level for each R, G, B pixel in CLCD 22.
The abbreviation "GL" stands for "gray level" and refers
to the relative pixel excitation level for gray level color
mixing as explained in connection with FIG. 3C. If the CA
value is ’0’ or ‘4’, then according to color table 120, this
corresponds to a pixel drive level of ’0’ for all three colors
R, G, B. Thus, all pixels outside of outline 94 will be dark.
The values 132, 168, 172, 212, 220, 252 shown in table
120 of FIG. 6 for different CA#’s, conveniently refer to
driver addresses
where the actual pixel drive levels (or intermediate sig-
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nals controlling the pixel drive levels) are stored. In the
example of table 120 and for convenience of explanation
the higher the driver address number, the higher the drive
level to the pixel, although this is not essential. For ex-
ample, in table 120 driver address 172 corresponds to
greater pixel drive and therefore greater pixel brightness
than, say, driver address 132. Driver address 252 corre-
sponds to the maximum available drive level and 0 cor-
responds to the minimum (e.g., no drive). For conven-
ience of explanation, the drive address values shown in
table 120 may be thought of as expressing relative pixel
brightness. However, the relationship between driver ad-
dress and pixel drive level need not be linear. Persons
of skill in the art will understand based on the description
herein how such an arrangement can be implemented.
[0018] If the CA value is "1", this corresponds to une-
qual gray level two (GL-2) wherein, in our example of an
approximately amber "A", the red pixels are supplied with
driver address 172 compared to the green pixels with
driver address 132. The maximum excitation corre-
sponds to driver address 252. This provides unequal gray
level mixing as in FIG. 3C for those pixels. Similarly with
CA values 2 and 3 where the relative excitation levels
are controlled by driver addresses R(212), G(168) and
R(252), G(220), respectively, there is also unequal gray
level mixing. However, for CA values 5, 6, 7 spatial mixing
is included, in that for this amber example only red pixels
are illuminated and all green and blue pixels are dark
where CA values 5, 6, 7 occur in FIG. 5. Further, depend-
ing upon the CA value, the excitation level of the red
pixels is different, specifically CA numbers 5, 6, 7 corre-
spond to gray levels GL-2, GL-4, GL-6
where the relative red pixel excitation levels for the dif-
ferent pixels are expressed by drive addresses 172, 212
and 252 respectively with a maximum drive level corre-
sponding to address 252. It will be appreciated that the
present invention provides for a mixture of unequal gray
level excitation and spatial shading excitation of the var-
ious colored pixels. As will be subsequently explained in
more detail, this produces a superior result. Persons of
skill in the art will understand based on the description
herein, that for other colors, the mix of spatial and unequal
gray level excitation levels for the various R, G, and B
pixels will be different. Also, the particular pixels being
excited will also depend upon the shape of the alphanu-
meric or graphic being displayed.
[0019] FIG. 7 shows a simplified flow chart illustrating
method 200 of the present invention. Method 200 begins
with start 202 that preferentially occurs whenever system
50 seeks to display a new character or graphic. In step
204, CPU 62 and/or graphics processor 70 receives the
code identifying the desired character, as for example,
an ASCII code. In step 205 the pixel pattern needed to
display that character is determined, as for example,
through use of a look up table or other means stored in
font tables 72. The result is, generally, a character array
similar to array 92 of FIG. 4, however, this is not essential
and any means for character generation may be used.

In step 206 the code for the color(s) in which the character
is to be presented is received by CPU 62 and/or graphics
processor 70, and in step 207, analogous to step 206,
the spatial mixing color array (e.g., array 96) needed to
produce that color is obtained, for example from font ta-
bles 72 and/or NVM 63 or elsewhere. The results of steps
205, 207 are combined in step 210 where the spatial
color array (or equivalent) and the character array (or
equivalent) are combined to produce a composite array,
such as for example array 110 of FIG. 5 or equivalent.
The composite array values are used in conjunction with
a color table such as color table 120 of FIG. 6 to obtain
the relative red (R), green (G), blue (B) pixel drive levels
for the individual pixels in CLCD array 22. In subsequent
step 214, these drive levels are sent by graphics proc-
essor 70 to the individual pixels in CLCD array 22 and
the process thereafter terminates at END 216. Step
groups 204-205 and 206-207 may be performed in either
order. All that is important is that the results of step groups
204-205 and 206-207 be available to be combined in step
210.
[0020] Method 200 may be repeated each time a new
character or graphic is to be displayed. If there is no
change in the color code and the previous spatial pattern
determined in step 205 is still available in memory, then
this previously determined spatial pattern may be reused.
Conversely, if the character is unchanged, but the color
is changed, then a new spatial color pattern is determined
and combined with the previously determined character
pattern. The foregoing explanation has been presented
for the situation where only a single character is being
displayed, but this is merely for convenience of descrip-
tion. Those of skill in the art will appreciate based on the
description herein that character generation and display
can also occur in groups, all the same color or with a
mixture of colors. In those situations, the character arrays
and spatial color arrays may be combined in groups to
produce composite arrays for the groups of characters,
analogously to the single character method described
above. Thus, the above-described method is useful for
multiple as well as single characters.
[0021] FIG. 8 shows 1976 u’, v’ CIE Chromaticity Dia-
gram 220 on which the present invention’s viewing angle
shift and color matching capability are compared to prior
art approaches, for an exemplary color (amber). Such
Chromaticity Diagrams are well known in the art and are
described, for example by G. J. and D. G. Chamberlin in
Color: Its Measurement, Computation and Application,
Heyden and Sons Press Ltd, 1980, pages 60 ff. The hu-
man visible color spectrum is contained within outline
222. Region 223 is the locus of primary red (R), region
224 the locus of primary green and region 225 the locus
of primary blue. White is in the regions of approximately
u’ ~ 0.22 and v’ ~ 0.48. Intermediate shades have other
u’, v’ values. Marker 226 indicates the exemplary desired
color, an amber shade, at about u’ ~ 0.3 and v’ ~ 0.55.
FIG. 9 is a table wherein the experimental results illus-
trated graphically in FIG. 8 are presented in numeric and
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descriptive form.
[0022] Referring now to FIGS. 8-9, brackets 228-230
in FIG. 8 shows the results obtained using different meth-
ods of color generation and different viewing angles. Az-
imuthal angles 27 and 28 were varied from 0 to 45 de-
grees, vertical angle 37 was varied from 0 to 5 degrees
and vertical angle 38 was varied from 0 to 35 degrees.
Bracket 228 in FIG. 8 corresponds to line 252 in table
250 of FIG. 9 wherein color generation employed gray
level mixing, such as has been previously described in
connection with FIGS. 3B-3C. It will be noted that this
method of color generation was able to achieve target
amber color 226 in FIG. 8, but as noted in line 252 of
FIG. 9 and shown graphically by bracket 228 in FIG. 8,
a comparatively large color shift occurs for different view-
ing angles. As noted earlier, this is undesirable. Thus,
although gray level mixing allowed the target color to be
achieved, the comparatively large color shift indicates
that it is not a desirable candidate for color generation
applications where color fidelity as a function of viewing
angle is important. Avionics systems are examples of
such applications.
[0023] Bracket 229 in FIG. 8 and line 254 in table 250
of FIG. 9 illustrates the results obtained using spatial
shading for color generation. It will be noted that this
method of color generation yielded only a small color
variation with changes in viewing angle (which is desir-
able), but was not able to achieve target color 226 (which
is undesirable). This is because with spatial shading, the
number of colors that can be produced is much reduced.
Where the target color happens to be among those
achievable by spatial shading, then this is a desirable
approach in terms of viewing angle color independence,
but where some of the colors that must be displayed are
outside the range of those achievable using spatial shad-
ing, this approach is not attractive.
[0024] Bracket 230 in FIG. 8 and line 256 in Table 250
of FIG. 9 are the result of combining both gray level mixing
and spatial shading according to the present invention,
as has been already described in connection with FIGS.
2-7. It will be noted that the invented approach is able to
achieve target color 226, which is not possible with spatial
shading alone, and also has an angular color shift that
is 40 % less than that obtained with gray level mixing
alone. While the angular color shift is larger than with
spatial shading alone, the fact that spatial shading was
not able to produce the target color rules it out as a viable
approach in this situation. Thus, the invented approach
of using both gray level mixing and spatial shading at the
same time, in the manner described herein, provides a
significant overall improvement over the prior art.
[0025] While at least one exemplary embodiment has
been presented in the foregoing detailed description, it
should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary
embodiment or exemplary embodiments are only exam-
ples, and are not intended to limit the scope, applicability,
or configuration of the invention in any way. Rather, the

foregoing detailed description will provide those skilled
in the art with a convenient road map for implementing
the exemplary embodiment or exemplary embodiments.
It should be understood that various changes can be
made in the function and arrangement of elements with-
out departing from the scope of the invention as set forth
in the appended claims and the legal equivalents thereof.

Claims

1. A color liquid crystal display (CLCD) system (22),
comprising:

a CLCD (22) having therein multiple substantial-
ly red (R), green (G), and blue (B) subpixels each
pixel adapted to receive excitation in varying
magnitude so as to cause different amounts of
R, G, and B light to exit each pixel in response
to the excitation, wherein the CLCD (22) in-
cludes an input for receiving excitation informa-
tion for the pixels; and
a processor (70) having an output coupled to
the input of the CLCD (22) for supplying the ex-
citation information thereto,
the CLCD system being characterised by:

the processor (70) being configured to re-
ceive at least one character code defining
a character pixel map (92) for a character
to be displayed by the CLCD (22) and at
least one color code defining a spatial shad-
ing color pattern (96) determinative in part
of a color in which the character is to be
displayed by the CLCD (22), the processor
(70) operable to combine the spatial shad-
ing color pattern (96) with the character pixel
map (92) to produce a composite array
(110) incorporating both spatial shading
and gray level mixing for the pixels of the
CLCD (22) and to supply the excitation in-
formation to the CLCD (22) based at least
in part on the composite array (110).

2. The system of claim 1 wherein the processor (70)
comprises a graphics processor (70) and one or
more memory devices for translating the character
code into the character pixel map (92) and translating
the color code into the spatial shading color pattern
(96) and combining them to produce the composite
array (110) and thereafter using values in each pixel
of the composite array (110) in conjunction with a
color table to convert said values into corresponding
excitation drive signals for delivery by the graphics
processor (70) to corresponding pixels of the CLCD
(22),

3. The system of claim 2 wherein the processor (70)
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combines the character pixel map (92) and the spa-
tial shading color pattern (96) by superposition to
produce the composite array (110).

4. The system of claim 2 wherein the processor (70)
combines first entries in the character pixel map (92)
with second entries in the spatial shading color pat-
tern (96) by algebraically adding the first and second
entries whose sums are used to populate corre-
sponding third entries in the composite array (110).

5. A method for driving pixels of a color liquid crystal
display (CLCD) (22) to display a character in a pre-
determined color, the method comprising:

receiving a character code defining the charac-
ter to be displayed and a color code defining the
predetermined color;
determining a character pixel map (92) from the
character code and determining a spatial shad-
ing color pattern (96) from the color code;
combining the character pixel map (92) and the
spatial shading color pattern (96) to produce a
composite array (110) having combined pixel
values at least for each pixel within the character
pixel map (92);
determining red (R), green (G), and blue (B) sub-
pixel drive magnitudes for each pixel based at
least in part on the combined pixel values; and
sending the pixel drive magnitudes to the pixels
of the CLCD (22).

6. The method of claim 5 wherein the step of determin-
ing the spatial shading color pattern (96) comprises
determining an array of pixels having at least two
groups of values
wherein, with first values in the first group of pixels
and second values in the second group of pixels.

7. The method of claim 5 wherein the step of determin-
ing the character pixel map (92) comprises deter-
mining an array of pixels having multiple values
therein within the character outline.

8. The methode of claim 6
wherein the step of determining the character pixel
map (92) comprises determining an array of pixels
having multiple values therein within the pixel pattern
outline and wherein some of the multiple values are
different than the first and second values.

9. The method of claim 5 wherein the step of determin-
ing the R, G, and B subpixel drive magnitudes com-
prises using the combined subpixel value for each
subpixel to identify a drive address for the subpixel,
and using the drive address to obtain the drive
amount for the subpixel.

10. The method of claim 5 wherein the combining step
comprises combining the character pixel map (92)
and the spatial shading color pattern (96) so that at
least some portions of the combined array (110)
have no spatial mixing.

Patentansprüche

1. Farbflüssigkristalldisplay- (CLCD)-System (22), um-
fassend:

ein CLCD (22) mit mehreren im wesentlichen
roten (R), grünen (G) und blauen (B) Subpixeln
darin, wobei jedes Pixel dafür ausgelegt ist, eine
Anregung in variierender Größe zu empfangen,
um zu bewirken, daß als Antwort auf die Anre-
gung verschiedene Mengen an R-, G- und B-
Licht aus jedem Pixel austreten, wobei das
CLCD (22) einen Eingang zum Empfangen von
Anregungsinformationen für die Pixel enthält;
und
einen Prozessor (70) mit einem an den Eingang
des CLCD (22) gekoppelten Ausgang zum Lie-
fern der Anregungsinformationen dorthin,

wobei das CLCD-System dadurch gekennzeich-
net ist, daß:

der Prozessor (70) konfiguriert ist, mindestens
einen eine Zeichenpixelmap (92) definierenden
Zeichencode für ein von dem CLCD (22) anzu-
zeigendes Zeichen und mindestens einen Farb-
code zu empfangen, der ein Raumschattie-
rungsfarbmuster (96) definiert, teilweise eine
Farbe bestimmend, in der das Zeichen von dem
CLCD (22) anzuzeigen ist, wobei der Prozessor
(70) betätigt werden kann, das Raumschattie-
rungsfarbmuster (96) mit der Zeichenpixelmap
(92) zu kombinieren, um ein Verbundarray (110)
herzustellen, das sowohl Raumschattierung als
auch Graustufenmischung für die Pixel des
CLCD (22) integriert, und die Anregungsinfor-
mationen an das CLCD (22) auf der Basis min-
destens teilweise des Verbundarrays (110) zu
liefern.

2. System nach Anspruch 1, wobei der Prozessor (70)
einen Grafikprozessor (70) und ein oder mehrere
Speicherbauelemente umfaßt, um den Zeichencode
in die Zeichenpixelmap (92) umzusetzen und den
Farbcode in das Raumschattierungsfarbmuster (96)
umzusetzen und sie zu kombinieren, um das Ver-
bundarray (110) herzustellen, und danach Verwen-
den von Werten in jedem Pixel des Verbundarrays
(110) in Verbindung mit einer Farbtabelle zum Kon-
vertieren der Werte in entsprechende Anregungsan-
steuersignale zur Lieferung durch den Grafikprozes-
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sor (70) an entsprechende Pixel des CLCD (22).

3. System nach Anspruch 2, wobei der Prozessor (70)
die Zeichenpixelmap (92) und das Raumschattie-
rungsfarbmuster (96) durch Superposition kombi-
niert, um das Verbundarray (110) herzustellen.

4. System nach Anspruch 2, wobei der Prozessor (70)
erste Einträge in der Zeichenpixelmap (92) mit zwei-
ten Einträgen in dem Raumschattierungsfarbmuster
(96) kombiniert, durch algebraisches Addieren der
ersten und zweiten Einträge, deren Summen ver-
wendet werden, um entsprechende dritte Einträge
in dem Verbundarray (110) zu bevölkern.

5. Verfahren zum Ansteuern von Pixeln eines Farbflüs-
sigkristalldisplays (CLCD) (22) zum Anzeigen eines
Zeichens in einer vorbestimmten Farbe, wobei das
Verfahren folgendes umfaßt:

Empfangen eines das anzuzeigende Zeichen
definierenden Zeichencodes und eines die vor-
bestimmte Farbe definierenden Farbcodes;
Bestimmen einer Zeichenpixelmap (92) aus
dem Zeichencode und Bestimmen eines Raum-
schattierungsfarbmusters (96) aus dem Farbco-
de;
Kombinieren der Zeichenpixelmap (92) und des
Raumschattierungsfarbmusters (96), um ein
Verbundarray (110) mit kombinierten Pixelwer-
ten mindestens für jedes Pixel innerhalb der Zei-
chenpixelmap (92) zu erzeugen;
Bestimmen von Subpixel-Ansteuergrößen für
rot (R), grün (G) und blau (B) für jedes Pixel min-
destens teilweise auf der Basis der kombinierten
Pixelwerte und
Senden der Pixel-Ansteuergrößen an die Pixel
des CLCD (22).

6. Verfahren nach Anspruch 5, wobei der Schritt des
Bestimmens des Raumschattierungsfarbmusters
(96) das Bestimmen eines Arrays von Pixeln mit min-
destens zwei Gruppen von Werten darin umfaßt, mit
ersten Werten in der ersten Gruppe von Pixeln und
zweiten Werten in der zweiten Gruppe von Pixeln.

7. Verfahren nach Anspruch 5, wobei der Schritt des
Bestimmens der Zeichenpixelmap (92) das Bestim-
men eines Arrays von Pixeln mit mehreren Werten
darin innerhalb des Zeichenumrisses umfaßt.

8. Verfahren nach Anspruch 6, wobei der Schritt des
Bestimmens der Zeichenpixelmap (92) das Bestim-
men eines Arrays von Pixeln mit mehreren Werten
darin innerhalb des Pixelmusterumrisses umfaßt
und wobei einige der mehreren Werte anders sind
als die ersten und zweiten Werte.

9. Verfahren nach Anspruch 5, wobei der Schritt des
Bestimmens der Subpixel-Ansteuergrößen für R, G
und B das Verwenden des kombinierten Subpixel-
Werts für jedes Subpixel zum Identifizieren einer An-
steueradresse für das Subpixel und Verwenden der
Ansteueradresse zum Erhalten des Ansteueraus-
maßes des Subpixels umfaßt.

10. Verfahren nach Anspruch 5, wobei der Kombinie-
rungsschritt das Kombinieren der Zeichenpixelmap
(92) und des Raumschattierungsfarbmusters (96)
umfaßt, so daß mindestens einige Abschnitte des
kombinierten Arrays (110) keine Raummischung
aufweisen.

Revendications

1. Système (22) d’affichage couleur à cristaux liquides
(CLCD : Color Liquid Crystal Display) comprenant :

un CLCD (22) comprenant de multiples sous-
pixels notamment rouges (R), verts (V), et bleus
(B), chaque pixel étant adapté pour recevoir une
excitation de grandeur variable pour faire sortir
différentes quantités de lumière R, V, B de cha-
que pixel en réponse à l’excitation, dans lequel
le CLCD (22) comporte une entrée pour recevoir
l’information d’excitation pour les pixels ; et
un processeur (70) ayant une sortie couplée à
l’entrée du CLCD (22) pour fournir l’information
d’excitation à ce dernier,
le système CLCD étant caractérisé en ce que :

le processeur (70) est configuré pour rece-
voir au moins un code de caractère définis-
sant un dessin de pixels (92) d’un caractère
à afficher par le CLCD (22) et au moins un
code de couleur définissant un motif d’atté-
nuation spatiale de la couleur (96) détermi-
nant en partie la couleur avec laquelle le
caractère doit être affiché par le CLCD (22),
le processeur (70) pouvant être utilisé pour
combiner le motif d’atténuation spatiale de
la couleur (96) avec le dessin de pixels (92)
du caractère pour produire une matrice
composite (110) comprenant à la fois un
mélange d’atténuation spatiale et de niveau
de gris pour les pixels du CLCD (22) et pour
fournir au CLCD (22), l’information d’exci-
tation basée au moins en partie sur la ma-
trice composite (110).

2. Système selon la revendication 1 dans lequel le pro-
cesseur (70) comprend un processeur graphique
(70) et un ou plusieurs dispositifs de mémoire pour
traduire le code du caractère en dessin de pixels (92)
et pour traduire le code de couleur en motif d’atté-
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nuation spatiale de la couleur (96) et pour les com-
biner pour produire la matrice composite (110) et
pour utiliser ensuite les valeurs dans chaque pixel
de la matrice composite (110) en conjonction avec
une table des couleurs pour convertir lesdites va-
leurs en signaux de commande d’excitation corres-
pondants que le processeur graphique (70) délivre
aux pixels correspondants du CLCD (22).

3. Système selon la revendication 2 dans lequel le pro-
cesseur (70) combine par superposition le dessin de
pixels (92) du caractère et le motif d’atténuation spa-
tiale de la couleur (96) pour produire la matrice com-
posite (110).

4. Système selon la revendication 2 dans lequel le pro-
cesseur (70) combine les premières entrées du des-
sin de pixels (92) avec les deuxièmes entrées du
motif d’atténuation spatiale de la couleur (96) par
addition algébrique des premières et des deuxièmes
entrées dont les sommes sont utilisées pour remplir
les troisièmes entrées correspondantes de la matri-
ce composite (110).

5. Procédé pour commander les pixels d’un affichage
couleur à cristaux liquides (CLCD) (22) pour afficher
un caractère dans une couleur prédéterminée, le
procédé comprenant :

la réception d’un code de caractère définissant
le caractère à afficher et un code de couleur dé-
finissant la couleur prédéterminée ;
la détermination d’un dessin de pixels (92) d’un
caractère à partir du code du caractère et la dé-
termination d’un motif d’atténuation spatiale de
la couleur (96) à partir du code de couleurs ;
la combinaison du dessin de pixels (92) du ca-
ractère et du motif d’atténuation spatiale de la
couleur (96) pour produire une matrice compo-
site (110) ayant des valeurs combinées de pixels
au moins pour chaque pixel situé à l’intérieur du
dessin de pixels (92) du caractère ;
la détermination des grandeurs de commande
des sous-pixels rouges (R), verts (V), et bleus
(B) pour chaque pixel, basées au moins en par-
tie sur les valeurs combinées des pixels ; et
l’envoi des grandeurs de commande de pixel
aux pixels du CLCD (22).

6. Procédé selon la revendication 5 dans lequel l’étape
de la détermination du motif d’atténuation spatiale
de la couleur (96) comprend la détermination d’une
matrice de pixels comportant au moins deux groupes
de valeurs, les premières valeurs étant dans le pre-
mier groupe de pixels et les deuxièmes valeurs étant
dans le deuxième groupe de pixels.

7. Procédé selon la revendication 5 dans lequel l’étape

de la détermination du dessin de pixels (92) du ca-
ractère comprend la détermination d’une matrice de
pixels comprenant des valeurs multiples à l’intérieur
du contour du caractère.

8. Procédé selon la revendication 6 dans lequel l’étape
de la détermination du dessin de pixels (92) du ca-
ractère comprend la détermination d’une matrice de
pixels comprenant des valeurs multiples à l’intérieur
du contour du motif de pixels et dans lequel certaines
des valeurs multiples sont différentes des premières
et des deuxièmes valeurs.

9. Procédé selon la revendication 5 dans lequel l’étape
de la détermination des grandeurs de commande
des sous-pixels R, V, et B comprend l’utilisation des
valeurs combinées des sous-pixels pour chaque
sous-pixel pour identifier une adresse de commande
du sous-pixel et l’utilisation de l’adresse de comman-
de pour obtenir le niveau de la commande du sous-
pixel.

10. Procédé de la revendication 5 dans lequel l’étape de
combinaison comprend la combinaison du dessin de
pixels (92) du caractère et du motif d’atténuation spa-
tiale de la couleur (96) de telle sorte qu’au moins
certaines parties de la matrice combinée (110)
n’aient pas de mélange spatial.
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