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SUB-PIXEL FORMAT DATA TO ANOTHER SUB-PIXEL DATA FORMAT CROSS-REFERENCE TO
RELATED APPLICATION 10 The present application claims the benefit of the
date of U.S. Provisional Patent  Application Serial No. 60/290,086,
entitled "Conversion of RGB Pixel Format Data to  Pentile Matrix Sub-Pixel
Data Format", filed on May 9, 2001, U.S. Provisional Patent  Application
Serial No. 60/290,087, entitled "Calculating Filter Kernel Values for
Different  Scaled Modes", filed on May 9, 2001, U.S. Provisional Patent
Application Serial No. 15 60/290,143, entitled "Scaling Sub-Pixel Rendering
on Pentile Matrix", filed on May 9, 2001,  and U.S. Provisional Patent
Application Serial No. 601313,054, entitled "RGB Stripe Sub- Pixel
Rendering Detection", filed on August 16, 2001, which are incorporated by
reference  herein in their entirety. BACKGROUND  20 The present application
relates to the conversion of graphics data formats from one form to
another, and specifically to the conversion of (red-green-blue) RGB
graphics to  



improved color pixel arrangements used in displays. The present state of
the art of color single plane imaging matrix, for flat panel  displays, use
the RGB color triad or a single color in a vertical stripe as shown in
prior art  25 FIG. 1. The system takes advantage of the Von Bezold color
blending effect (explained further herein) by separating the three colors
and placing equal spatial frequency weight on  each color. However, these
panels are a poor match to human vision. Graphic rendering techniques have
been developed to improve the image quality of  prior art panels.
Benzschawel, et al. in U.S. Patent No. 5,341,153 teach how to reduce an 30
image of a larger size down to a smaller panel. In so doing, Beiizschawel,
et al. teach how to  improve the image quality using a technique now known
in the art as "sub-pixel rendering".  More recently Hill, et al. in U.S.
Patent No. 6,188,385 teach how to improve text quality by  reducing a
virtual image of text, one character at a time, using the very same
sub-pixel  rendering technique. 35 The above prior art pay inadequate
attention to how human vision operates. The  prior art's reconstruction of
the image by the display device is poorly matched to human  vision. 26
October 2005 WO 02/091349 PCT/US02/12610 5 The dominant model used in
sampling, or generating, and then storing the image for  these displays is
the RGB pixel (or three-color pixel element), in which the red, green, and
blue values are on an orthogonal equal spatial resolution grid and are
co-incident. One of  the consequences of using this image format is that it
is a poor match both to the real image  reconstruction panel, with its
spaced apart, non-coincident, color emitters, and to human 10 vision. This
effectively results in redundant, or wasted, information in the image.
Martinez-Uriegas, et al. in U.S. Patent No. 5,398,066 and Peters, et al. in
U.S. Patent  No. 5,541,653 teach a technique to convert and store images
from RGB pixel format to a  format that is very much like that taught by
Bayer in U.S. Patent No. 3,971,065 for a color  filter array for imaging
devices for cameras. The advantage of the Martinez-Uriegas, et at 15 format
is that it both captures and stores the individual color component data
with similar  spatial sampling frequencies as human vision. However, a
first disadvantage is that the  Martinez-Uriegas, et al. format is not a
good match for practical color display panels. For  this reason,
Martinez-Uriegas, et al. also teach how to convert the image back into RGB
pixel format. Another disadvantage of the Martinez-Uriegas, et al. format
is that one of the 20 color components, in this case the red, is not
regularly sampled. There are missing samples  



in the array, reducing the accuracy of the reconstruction of the image when
displayed. Full color perception is produced in the eye by three-color
receptor nerve cell types  called cones. The three types are sensitive to
different wave lengths of light: long, medium,  and short ("red", "green",
and " blue", respectively). The relative density of the three 25
wavelengths differs significantly from one another. There are slightly more
red receptors  than green receptors. There are very few blue receptors
compared to red or green receptors.  In addition to the color receptors,
there are relative wavelength insensitive receptors called  rods that
contribute to monochrome night vision. The human vision system processes
the information detected by the eye in several  30 perceptual channels:
luminance, chromanance, and motion. Motion is only important for  flicker
threshold to the imaging system designer. The luminance channel takes the
input  from only the red and green receptors. It is "color blind". It
processes the information in  such a manner that the contrast of edges is
enhanced. The chromanance channel does not  have edge contrast enhancement.
Since the luminance channel uses and enhances every red 35 and green
receptor, the resolution of the luminance channel is several times higher
than the  chromanance channel. The blue receptor contribution to luminance
perception is negligible.  Thus, the error introduced by lowering the blue
resolution by one octave will be barely 2 26 October 2005 WO 02/091349
PCT/US02/12610 5 noticeable by the most perceptive viewer, if at all, as
experiments at Xerox and NASA,  Ames Research Center (R. Martin, J. Gille,
J. Larimer, Detectability of Reduced Blue Pixel  Count in Projection
Displays, SID Digest 1993) have demonstrated. Color perception is
influenced by a process called "assimilation" or the Von Bezold  color
blending effect. This is what allows separate color pixels (or sub-pixels
or emitters) of  10 a display to be perceived as the mixed color. This
blending effect happens over a given angular distance in the field of view.
Because of the relatively scarce blue receptors, this  blending happens
over a greater angle for blue than for red or green. This distance is
approximately 0.25 for blue, while for red or green it is approximately
0.12. At a viewing  distance of twelve inches, 0.25 subtends 50 mils (1,270
[t) on a display. Thus, if the blue 15 sub-pixel pitch is less than half
(625 ) of this blending pitch, the colors will blend without  loss of
picture quality. Sub-pixel rendering, in its most simplistic
implementation, operates by using the sub- pixels as approximately equal
brightness pixels perceived by the luminance channel. This  



allows the sub-pixels to serve as sampled image reconstruction points as
opposed to using 20 the combined sub-pixels as part of a `true' pixel. By
using sub-pixel rendering, the spatial  sampling is increased, reducing the
phase error. If the color of the image were to be ignored, then each
sub-pixel may serve as a  though it were a monochrome pixel, each equal.
However, as color is nearly always  important (and why else would one use a
color display?), then color balance of a given 25 image is important at
each location. Thus, the sub-pixel rendering algorithm must maintain  color
balance by ensuring that high spatial frequency information in the
luminance  component of the image to be rendered does not alias with the
color sub-pixels to introduce  color errors. The approaches taken by
Benzschawel, et al. in U.S. Patent No. 5,341,153, and  Hill, et al. in U.S.
Patent No. 6,188,385, are similar to a common anti-aliasing technique that
30 applies displaced decimation filters to each separate color component of
a higher resolution  virtual image. This ensures that the luminance
information does not alias within each color  channel. If the arrangement
of the sub-pixels were optimal for sub-pixel rendering, sub-pixel
rendering would provide an increase in both spatial addressability to lower
phase error and  35 in Modulation Transfer Function (MTF) high spatial
frequency resolution in both axes. Examining the conventional RGB stripe
display in FIG. 1, sub pixel rendering will  only be applicable in the
horizontal axis. The blue sub pixel is not perceived by the human 26
October 2005 luminance channel, and is therefore, not effective in
sub-pixel rendering. Since only the red  and green pixels are useful in
sub-pixel rendering, the effective increase in addressability  would be
two-fold, in the horizontal axis. Vertical black and white lines must have
the two  dominant sub-pixels (i.e., red and green per each black or white
line) in each row. This is  the same number as is used in non-sub-pixel
rendered images. The MTF, which is the  ability to simultaneously display a
given number of lines and spaces, is not enhanced by sub- pixel rendering.
Thus, the conventional RGB stripe sub-pixel arrangement, as shown in  FIG.
1, is not optimal for sub-pixel rendering. The prior art arrangements of
three-color pixel elements are shown to be both a poor  match to human
vision and to the generalized technique of sub-pixel rendering. Likewise,
the prior art image formats and conversion methods are a poor match to both
human vision  and practicable color emitter arrangements. SUMMARY  The
drawbacks and disadvantages of the prior art are overcome by the conversion
of RGB pixel format data to FenTileTM matrix sub-pixel data format. 



In accordance with a first aspect of the present invention, there is
provided a  method of converting a source pixel data of a first format
having a plurality of three-color  pixel elements for a display of a second
format having a plurality of three-color pixel  elements, comprising:
determining implied sample areas in a form of a data value for each  data
point of each color in said source pixel data of said first format;
determining resample  areas for each emitter of each color in the display;
forming a set of fractions for each said  resample area whose denominators
are a function of said resample area and whose  numerators are said
function of an area of each of said implied sample areas that at least
partially overlaps said resample areas; multiplying said data value for
each said implied  sample area by its respective said fraction resulting in
a product ; and adding each said  product together to obtain luminance
values for each said resample area. In accordance with a second aspect of
the present invention, there is provided a  method of converting a source
pixel data of a first format for a display of a second format  having a
plurality of three-color pixel elements, comprising: determining implied
sample  areas for each data point of each color in said source pixel data
of said first format; determining resample areas for each emitter of each
color in the display; determining for  each said resample area a percentage
overlap area of each overlapping said implied sample 26 October 2005 area
with said resample area to obtain data values; and multiplying said data
values for  each said implied sample area by said percentage overlap area
resulting in a product; and  adding each said product together to obtain
luminance values for each said resample area. In accordance with a third
aspect of the present invention, there is provided a  method of determining
implied sample areas for each data point of each color in a source  pixel
data of a first format for a display of a second format having a plurality
of three-color  pixel elements, comprising: determining a geometric center
of each emitter of each said  three-color pixel element of said first
format to define sampling points; defining each said  implied sample area
by lines that are formed equidistant between said geometric center of  said
emitter of one said three-color pixel element and said geometric center of
another  same color said emitter of a neighboring said three-color pixel
element; and forming a grid  of said lines. In accordance with a fourth
aspect of the present invention, there is provided a  method of determining
resample areas for each data point of each color in a source pixel  data of
a first format for a display of a second format having a plurality of
three-color pixel  elements, comprising: determining a geometric center of
each emitter of each said three- color pixel element; defining each said
resample area by lines that are formed equidistant  



between said geometric center of said emitter of one said three-color pixel
element and said  geometric center of another same color said emitter of a
neighboring said three-color pixel  element; and forming a grid of said
lines. In accordance with a fifth aspect of the present invention, there is
provided a  method of limiting filter kernel divisors in a filter kernel to
a value designed to simplify  hardware implementations, comprising:
calculating areas for filter coefficients using  floating point arithmetic;
dividing each said filter coefficient by a total area of a rendering  area
to receive a first product; multiplying said first product by a divisor to
produce a filter  sum; completing a binary search to find a round off point
for said filter sum; and  converting said filter sum to integers In
accordance with a sixth aspect of the present invention, there is provided
a  method of operating spatial sampling filters, comprising: detecting
subpixel rendered areas;  turning on a first set of spatial sampling
filters for said subpixel rendered areas in response  to said detecting
subpixel rendered areas; detecting non-subpixel rendered areas; and
turning on a second set of spatial sampling filters for said non-subpixel
rendered areas in  response to said detecting non-subpixel rendered areas.
26 October 2005 In accordance with a seventh aspect of the present
invention, there is provided a  machine readable medium tangibly embodying
a set of instructions executable by a  machine for performing a method of
converting a source pixel data of a first format having  a plurality of
three-color pixel elements for a display of a second format having a
plurality  of three-color pixel elements, said method comprising:
determining implied sample areas in  a form of a data value for each data
point of each color in said source pixel data of said first  format;
determining resample areas for each emitter of each color in the display;
forming a  s et of fractions for each said resample area whose denominators
are a function of said  resample area and whose numerators are said
function of an area of each of said implied  sample areas that at least
partially overlaps said resample areas; multiplying said data value  for
each said implied sample area by its respective said fraction resulting in
a product; and  adding each said product together to obtain luminance
values for each said resample area. BRIEF DESCRIPTION OF THE DRAWINGS
Referring now to the figures, wherein like elements are numbered alike:
FIG. I illustrates a prior art RGB stripe arrangement of three-color pixel
elements in  an array, a single plane, for a display device; FIG. 2
illustrates the effective sub-pixel rendering sampling points for the prior
art  RGB stripe arrangement of FIG. 1; 



FIGS. 3, 4, and 5 illustrate the effective sub-pixel rendering sampling
area for each  color plane of the sampling points for the prior art RGB
stripe arrangement of FIG. 1. FIG. 6 illustrates an arrangement of
three-color pixel elements in an array, in a  single plane, for a display
device; FIG. 7 illustrates the effective sub-pixel rendering sampling
points for the  arrangements of FIGS. 6 and 27; FIGS. 8 and 9 illustrate
alternative effective sub-pixel rendering sampling areas for  the blue
color plane sampling points for the arrangements of FIGS. 6 and 27; FIG. 10
illustrates another arrangement of three-color pixel elements in an array,
in  a single plane, for a display device; FIG. I I illustrates the
effective sub-pixel rendering sampling points for the  arrangement of FIG.
10; FIG. 12 illustrates the effective sub-pixel rendering sampling areas
for the blue  color plane sampling points for the arrangement of FIG. 10;
26 October 2005 FIGS 13 and 14 illustrate the effective sub-pixel rendering
sampling areas for the  red and green color planes for the arrangements of
both FIGS. 6 and 10; FIG. 15 illustrates an array of sample points and
their effective sample areas for a  prior art pixel data format, in which
the red, green, and blue values are on an equal spatial  resolution grid
and co-incident; 5b 26 October 2005 WO 02/091349 PCT/US02/12610 5 FIG. 16
illustrates the array of sample points of prior art FIG. 15 overlaid on the
sub- pixel rendered sample points of FIG. 11, in which the sample points of
FIG. 15 are on the  same spatial resolution grid and co-incident with the
red and green "checker board" array of  FIG. 11; FIG. 17 illustrates the
array of sample points and their effective sample areas of prior  10 art
FIG. 15 overlaid on the blue color plane sampling areas of FIG. 12, in
which the sample  points of prior art FIG. 15 are on the same spatial
resolution grid and co-incident with the  red and green "checker board"
array of FIG. 11; FIG. 18 illustrates the array of sample points and their
effective sample areas of prior  art FIG. 15 overlaid on the red color
plane sampling areas of FIG. 13, in which the sample  15 points of prior
art FIG. 15 are on the same spatial resolution grid and co-incident with
the  red and green "checker board" array of FIG. 11; 



FIGS. 19 and 20 illustrate the array of sample points and their effective
sample areas  of prior art FIG. 15 overlaid on the blue color plane
sampling areas of FIGS. 8 and 9, in  which the sample points of prior art
FIG. 15 are on the same spatial resolution grid and co 20 incident with the
red and green "checker board" array of FIG. 7; FIG. 21 illustrates an array
of sample points and their effective sample areas for a  prior art pixel
data format in which the red, green, and blue values are on an equal
spatial  resolution grid and co-incident; FIG. 22 illustrates the array of
sample points and their effective sample areas of prior  25 art FIG. 21
overlaid on the red color plane sampling areas of FIG. 13, in which the
sample  points of FIG. 21 are not on the same spatial resolution grid and
co-incident with the red and  green "checker board" array of FIG. 11; FIG.
23 illustrates the array of sample points and their effective sample areas
of prior  art FIG. 21 overlaid on the blue color plane sampling areas of
FIG. 12, in which the sample  30 points of prior art FIG. 21 are not on the
same spatial resolution grid nor co-incident with the  red and green
"checker board" array of FIG. 11; FIG. 24 illustrates the array of sample
points and their effective sample areas of prior  art FIG. 21 overlaid on
the blue color plane sampling areas of FIG. 8, in which the sample  points
of prior art FIG. 21 are not on the same spatial resolution grid nor
co-incident with the  35 red and green "checker board" array of FIG. 7;
FIG. 25 illustrates the effective sample area of the red color plane of
FIG. 3 overlaid  on the red color plane sampling areas of FIG. 13; 6 26
October 2005 WO 02/091349 PCT/US02/12610 5 FIG. 26 illustrates the
effective sample areas of the blue color plane of FIG. 5  overlaid on the
blue color plane sampling areas of FIG. 8; FIG. 27 illustrates another
arrangement of three-color pixel elements in an array, in  three panels,
for a display device; FIGS. 28, 29, and 30 illustrate the arrangements of
the blue, green, and red emitters  10 on each separate panel for the device
of FIG. 27; FIG. 31 illustrates the output sample arrangement 200 of FIG. I
I overlaid on top of  the input sample arrangement 70 of FIG. 15 in the
special case when the scaling ratio is one  input pixel for each two, a red
and a green, output sub pixels across; FIG. 32 illustrates a single repeat
cell 202 of converting a 64Ox480 VGA format  15 image to a PenTile matrix
with 800x600 total red and green sub pixels; 



FIG. 33 illustrates the symmetry in the coefficients of a three-color pixel
element in a  case where the repeat cell size is odd; FIG. 34 illustrates
an example of a case where the repeat cell size is even; FIG. 35
illustrates sub-pixel 218 from FIG. 33 bounded by a rendering area 246 that
20 overlaps six of the surrounding input pixel sample areas 248; 1 FIG. 36
illustrates sub-pixel 232 from FIG. 33 with its rendering area 250
overlapping five sample areas 252; FIG. 37 illustrates sub-pixel 234 from
FIG. 33 with its rendering area 254  overlapping sample areas 256; 25 FIG.
38 illustrates sub-pixel 228 from FIG. 33 with its rendering area 258
overlapping sample areas 260; FIG. 39 illustrates sub-pixel 236 from FIG.
33 with its rendering area 262  overlapping sample areas 264; FIG. 40
illustrates the square sampling areas used for generating blue filter
kernels; 30 and FIG. 41 illustrates the hexagonal sampling areas 123 of
FIG. 8 in relationship to the  square sampling areas 276. DETAILED
DESCRIPTION 35 Those of ordinary skill in the art will realize that the
following description of the  present invention is illustrative, only and
not in any way limiting. Other embodiments of the  invention will readily
suggest themselves to such skilled persons. 7 26 October 2005 WO 02/091349
PCT/US02/12610 5 A real world image is captured and stored in a memory
device. The image that is  stored was created with some known data
arrangement. The stored image can be rendered onto a display device using
an array that provides an improved resolution of color displays.  The array
is comprised of a plurality of three-color pixel elements having at least a
blue  emitter (or sub-pixel), a red emitter, and a green emitter, which
when illuminated can blend  10 to create all other colors to the human eye.
To determine the values for each emitter, first one must create transform
equations  that take the form of filter kernels. The filter kernels are
generated by determining the  relative area overlaps of both the original
data set sample areas and target display sample  areas. The ratio of
overlap determines the coefficient values to be used in the filter kernel
15 array. 



To render the stored image onto the display device, the reconstruction
points are  determined in each three-color pixel element. The center of
each reconstruction point will  also be the source of sample points used to
reconstruct the stored image. Similarly, the  sample points of the image
data set is determined. Each reconstruction point is located at the 20
center of the emitters (e.g., in the center of a red emitter). In placing
the reconstruction  points in the center of the emitter, a grid of boundary
lines is formed equidistant from the  centers of the reconstruction points,
creating sample areas (in which the sample points are at  the center). The
grid that is formed creates a tiling pattern. The shapes that can be
utilized  in the tiling pattern can include, but is not limited to,
squares, rectangles, triangles, 25 hexagons, octagons, diamonds, staggered
squares, staggered rectangles, staggered triangles,  staggered diamonds,
Penrose tiles, rhombuses, distorted rhombuses, and the like, and
combinations comprising at least one of the foregoing shapes. The sample
points and sample areas for both the image data and the target display
having been determined, the two are overlaid. The overlay creates sub-areas
wherein the  .30 output sample areas overlap several input sample areas.
The area ratios of input to output is determined by either inspection or
calculation and stored as coefficients in filter kernels, the  value of
which is used to weight the input value to output value to determine the
proper  value for each emitter. When sufficiently high scaling ratio is
used, the subpixel arrangement and rendering  35 method disclosed herein
provides better image quality, measured in information  addressability and
reconstructed image modulation transfer function (MTF), than prior art
displays. 8 26 October 2005 WO 021091349 PCT/US02/12610 5 FIG. 1
illustrates a prior art RGB stripe arrangement of three-color pixel
elements in  an array, a single plane, for a display device and prior art
FIG. 2 illustrates the effective sub- pixel rendering sampling points for
the prior art RGB stripe arrangement of FIG. 1. Prior art  FIGS. 3, 4, and
5 illustrate the effective sub pixel rendering sampling area for each color
plane of the sampling points for the prior art RGB stripe arrangement of
FIG. 1. FIGS. 1-5  10 will be discussed further herein. FIG. 6 illustrates
an arrangement 20 of several three-color pixel elements according  to one
embodiment. The three-color pixel element 21 is square-shaped and disposed
at the  origin of an X, Y coordinate system and comprises a blue emitter
22, two red emitters 24,  



and two green emitters 26. The blue emitter 22 is disposed at the center,
vertically along the 15 X axis, of the coordinate system extending into the
first, second, third, and fourth. quadrants.  The red emitters 24 are
disposed in the second and fourth quadrants, not occupied by the  blue
emitter. The green emitters 26 are disposed in the first and third
quadrants, not  occupied by the blue emitter. The blue emitter 22 is
rectangular-shaped, having sides  aligned along the X and Y axes of the
coordinate system, and the opposing pairs of red 24 20 and green 26
emitters are generally square-shaped. The array is repeated across a panel
to complete a device with a desired matrix  resolution. The repeating
three-color pixel elements form a "checker board" of alternating  red 24
and green 26 emitters with blue emitters 22 distributed evenly across the
device, but  at half the resolution of the red 24 and green 26 emitters.
Every other column of blue 25 emitters is staggered, or shifted by half of
its length, as represented by emitter 28. To  accommodate this and because
of edge effects, some of the blue emitters are half sized blue  emitters 28
at the edges. FIG. 7 illustrates an arrangement 29 of the effective
sub-pixel rendering sampling  points for the arrangements of FIGS. 6 and
27, while FIGS. 8 and 9 illustrate arrangements  30 30, 31 of alternative
effective sub-pixel rendering sampling areas 123, 124 for the blue color
plane sampling points 23 for the arrangements of FIGS. 6 and 27. FIGS. 7,
8, and 9 will be  discussed further herein. FIG. 10 illustrates an
alternative illustrative embodiment of an arrangement 38 of  three-color
pixel elements 39. The three-color pixel element 39 consists of a blue
emitter  35 32, two red emitters 34, and two green emitters 36 in a square.
The three-color pixel element 39 is square shaped and is centered at the
origin of an X, Y coordinate system. The  blue emitter 32 is centered at
the origin of the square and extends into the first, second, third, 9 26
October 2005 WO 02/091349 PCT/US02/12610 5 and fourth quadrants of the X, Y
coordinate system. A pair of red emitters 34 are disposed  in opposing
quadrants (i.e., the second and the fourth quadrants), and a pair of green
emitters  36 are disposed in opposing quadrants (i.e., the first and the
third quadrants), occupying the  portions of the quadrants not occupied by
the blue emitter 32. As shown in FIG. 10, the blue  emitter 32 is diamond
shaped, having corners aligned at the X and Y axes of the coordinate 10
system, and the opposing pairs of red 34 and green 36 emitters are
generally square shaped,  having truncated inwardly-facing corners forming
edges parallel to the sides of the blue  emitter 32. 



The array is repeated across a panel to complete a device with a desired
matrix  resolution. The repeating three-color pixels form a "checker board"
of alternating red 34 and  15 green 36 emitters with blue emitters 32
distributed evenly across the device, but at half the resolution of the red
34 and green 36 emitters. Red emitters 34a and 34b will be discussed
further herein. One advantage of the three-color pixel element array is an
improved resolution of  color displays. This occurs since only the red and
green emitters contribute significantly to  20 the perception of high
resolution in the luminance channel. Thus, reducing the number of blue
emitters and replacing some with red and green emitters improves resolution
by more  closely matching to human vision. Dividing the red and green
emitters in half in the vertical axis to increase spatial  addressability
is an improvement over the conventional vertical single color stripe of the
25 prior art. An alternating "checker board" of red and green emitters
allows high spatial frequency resolution, to increase in both the
horizontal and the vertical axes. In order to reconstruct the image of the
first data format onto the display of the  second data format, sample areas
need to be defined by the isolating reconstruction points in  the geometric
center of each emitter and creating a sampling grid. FIG. 11 illustrates an
30 arrangement 40 of the effective reconstruction points for the
arrangement 38 of three-color  pixel elements of FIG. 10. The
reconstruction points (e.g., 33, 35, and 37 of FIG. 11) are  centered over
the geometric locations of the emitters (e.g., 32, 34, and 36 of FIG. 10,
respectively) in the three-color pixel element 39. The red reconstruction
points 35 and the  green reconstruction points 37 form a red and green
"checker board" array across the 35 display. The blue reconstruction points
33 are distributed evenly across the device, but at  half the resolution of
the red 35 and green 37 reconstruction points. For sub-pixel  rendering,
these color reconstruction points are treated as sampling points and are
used to 10 26 October 2005 WO 02/091349 PCT/US02/12610 5 construct the
effective sampling area for each color plane, which are treated separately.
FIG.  12 illustrates the effective blue sampling points 46 (corresponding
to blue reconstruction  point 33 of FIG. 11) and sampling areas 44 for the
blue color plane 42 for the reconstruction  array of FIG. 11. For a square
grid of reconstruction points, the minimum boundary  perimeter is a square
grid. 10 FIG. 13 illustrates the effective red sampling points 51 that
correspond to the red  reconstruction points 35 of FIG. 11 and to the red
reconstruction points 25 of FIG. 7, and the  



effective sampling areas 50, 52, 53, and 54 for the red color plane 48. The
sampling points  51 form a square grid array at 45 to the display boundary.
Thus, within the central array of  the sampling grid, the sampling areas
form a square grid. Because of `edge effects' where 15 the square grid
would overlap the boundary of the display, the shapes are adjusted to keep
the same area and minimize the boundary perimeter of each sample (e.g.,
54). Inspection of  the sample areas will reveal that sample areas 50 have
the same area as sample areas 52,  however, sample areas 54 has slightly
greater area, while sample areas 53 in the corners  have slightly less.
This does introduce an error, in that the varying data within the sample 20
areas 53 will be over represented while varying data in sample areas 54
will be under  represented. However, in a display of hundreds of thousands
to millions of emitters, the  error will, be minimal and lost in the
corners of the image. FIG. 14 illustrates the effective green sampling
points 57 that correspond to the green  reconstruction points 37 of FIG. 11
and to the green reconstruction points 27 of FIG. 7, and  25 the effective
sampling areas 55, 56, 58, and 59 for the green color plane 60. Inspection
of  FIG. 14 will reveal it is essential similar to FIG. 13, it has the same
sample area relationships, but is rotated by 180. These arrangements of
emitters and their resulting sample points and areas would  best be used by
graphics software directly to generate high quality images, converting 30
graphics primitives or vectors to offset color sample planes, combining
prior art sampling  techniques with the sampling points and areas. Complete
graphics display systems, such as  portable electronics, laptop and desktop
computers, and television/video systems, would  benefit from using flat
panel displays and these data formats. The types of displays utilized  can
include, but is not limited to, liquid crystal displays, subtractive
displays, plasma panel 35 displays, electro-luminecence (EL) displays,
electrophoretic displays, field emitter displays,  discrete light emitting
diode displays, organic light emitting diodes (OLEDs) displays,
projectors, cathode ray tube (CRT) displays, and the like, and combinations
comprising at I1 26 October 2005 WO 02/091349 PCT/US02/12610 5 least one of
the foregoing displays. However, much of the installed base of graphics and
graphics software uses a legacy data sample format originally based on the
use of CRTs as  the reconstruction display. FIG. 15 illustrates an array of
sample points 74 and their effective sample areas 72  for a prior art pixel
data format 70 in which the red, green, and blue values are on an equal  10
spatial resolution grid and co-incident. In prior art display systems, this
form of data was 



reconstructed on a flat panel display by simply using the data from each
color plane on a  prior art RGB stripe panel of the type shown in FIG. 1.
In FIG. 1, the resolution of each  color sub-pixel was the same as the
sample points, treating three sub-pixels in a row as  though they
constituted a single combined and intermingled multi-color pixel while
ignoring 15 the actual reconstruction point positions of each color
sub-pixel. In the art, this is often  referred to as the "Native Mode" of
the display. This wastes the positional information of  the sub-pixels,
especially the red and green. In contrast, the incoming RGB data of the
present application is treated as three  planes over lying each other. To
covert the data from the RGB format, each plane is treated  20 separately.
Displaying information from the original prior art format on the more
efficient sub-pixel arrangements of the present application requires a
conversion of the data format  via resampling. The data is resampled in
such a fashion that the output of each sample point  is a weighting
function of the input data. Depending on the spatial frequency of the
respective data samples, the weighting function may be the same, or
different, at each output  25 sample point, as will be described below.
FIG. 16 illustrates the arrangement 76 of sample points of FIG. 15 overlaid
on the sub pixel rendered sample points 33, 35, and 37 of FIG. 11, in which
the sample points 74 of  FIG. 15 are on the same spatial resolution grid
and co-incident with the red (red  reconstruction points 35) and green
(green reconstruction points 37) "checker board" array  30 of FIG. 11. FIG.
17 illustrates the arrangement 78 of sample points 74 and their effective
sample  areas 72 of FIG. 15 overlaid on the blue color plane sampling
points 46 of FIG. 12, in which  the sample points 74 of FIG. 15 are on the
same spatial resolution grid and co-incident with  the red (red
reconstruction points 35) and green (green reconstruction points 37)
"checker 35 board" array of FIG 11. FIG. 17 will be discussed further
herein. FIG. 18 illustrates the array 80 of sample points 74 and their
effective sample areas  72 of FIG. 15 overlaid on the red color plane
sampling points 35 and the red sampling areas 12 26 October 2005 WO
02/091349 PCT/US02/12610 5 50, 52, 53, and 54 of FIG. 13, in which the
sample points 74 of FIG. 15 are on the same  spatial resolution grid and
co-incident with the red (red reconstruction points 35) and green  (green
reconstruction points 37) "checker board" array of FIG. 11. The inner array
of square  sample areas 52 completely cover the coincident original sample
point 74 and its sample  



area 82 as well as extend to cover one quarter each of the surrounding
sample areas 84 that 10 He inside the sample area 52. To determine the
algorithm, the fraction of coverage, or  overlap, of the output sample area
50, 52, 53, or 54 over the input sample area 72 is recorded  and then
multiplied by the value of that corresponding sample point 74 and applied
to the  output sample area 35. In FIG. 18, the area of square sample area
52 filled by the central, or  coincident, input sample area 84 is half of
square sample area 52. Thus, the value of the 15 corresponding sample point
74 is multiplied by one half (or 0.5). By inspection, the area of  square
sample area 52 filled by each of the surrounding, non-coincident, input
areas 84 is  one eighth (or 0.125) each. Thus, the value of the
corresponding four input sample points 74  is multiplied by one eighth (or
0.125). These values are then added to the previous value  (e.g., that was
multiplied by 0.5) to find the final output value of a given sample point
35. 20 For the edge sample points 35 and their five sided sample areas 50,
the coincident  input sample area 82 is completely covered as in the case
described above, but only three  surrounding input sample areas 84, 86, and
92 are overlapped. One of the overlapped input  sample areas 84 represents
one eighth of the output sample area 50. The neighboring input  sample
areas 86 and 92 along the edge represent three sixteenths (3/16 = 0.1875)
of the 25 output area each. As before, the weighted values of the input
values 74 from the overlapped  sample areas 72 are added to give the value
for the sample point 35. The corners and "near" corners are treated the
same. Since the areas of the image  that the corners 53 and "near" comers
54 cover are different than the central areas 52 and  edge areas 50, the
weighting of the input sample areas 86, 88, 90, 92, 94, 96, and 98 will be
30 different in proportion to the previously described input sample areas
82, 84, 86, and 92. For  the smaller corner output sample areas 53, the
coincident input sample area 94 covers four  sevenths (or about 0.5714) of
output sample area 53. The neighboring input sample areas 96  cover three
fourteenths (or about 0.2143) of the output sample area 53. For the "near"
corner sample areas 54, the coincident input sample area 90 covers eight
seventeenths (or 35 about 0.4706) of the output sample area 54. The inward
neighboring sample area 98 covers  two seventeenths (or about 0.1176) of
the output sample area 54. The edge wise  neighboring input sample area 92
covers three seventeenths (or about 0.1765) of the output 13 26 October
2005 WO 02/091349 PCT/US02/12610 5 sample area 54. The corner input sample
area 88 covers four seventeenths (or about 0.2353)  of the output sample
area 54. As before, the weighted values of the Input values 74 from the
overlapped sample areas 72 are added to give the value for the sample point
35. 



The calculation for the resampling of the green color plane proceeds in a
similar  manner, but the output sample array is rotated by 180. 10 To
restate, the calculations for the red sample point 35 and green sample
point 37  values, V.,n, are as follows: Central Areas: V0,,,(CXR,,) =
0.5_V,11(CCR,,) + 0.125_V,n(CX_,RY) + 0;125Vn(CxRy+,) +  15 0.125 V;
n(CX+,Ry) + 0.125Vm(CXRy-,) Lower Edge: V0"t(CXRy) = 0.5 V,,(CXRY) +
0.1875_V,n(Cx,Ry) + 0.1875 Vj'(CX+,Ry) +  0.125 VjCxRY.,) Upper Edge: 20
V..,(CXR,) = 0.5 Vi.(C.R1) + 0.1875_V,n(C,,-,R,) + 0.125_4,,,(C"R2) +
0.1875_V;n(CX+,R,) Right Edge: Vp" 1(CXRY) = 0.5 V1f(CXRY) + 0.125
V,,,(C,,-,RR) + 0.1875_V;,,(CXRy+,) +  0.1875,_Vi,,(CXRy--1) 25 Left Edge:
VOU (C,RY) = 0.5_V,.(C,R,,) + 0.1875_V;n(C,R3,+,) + 0.125_V;a(C2R) +
0.1875_V;.(C,Ry_1) Upper Right Hand Corner: Vo",(CXRY) = 0.5714_V,,,(CXRY)
+ 0.2143_V,~(C,,-,R) + 0.2143 V,,,(CRy,)  30 Upper Left Hand Corner:
Vou,(C,R,) = 0.5714 V.(C,R,) + 0.2l43.V,Q(C,R2) + 0.2143_V,q(C2R,)  Lower
Left Hand Corner: VV"L(CXRY) = 0.5714 V,o(CxR,,)+ 0.2143V1"(C,+,RY) +
0.2143V,n(C,~Ry-,)  Lower Right Hand Corner: 35 V0,,,(CRy) =
0.5714_V,p(CxRy) + 0.2143.Vin(Cx-,Ry) + 0.2143_Vw(CRY-1) 14 26 October 2005
WO 02/091349 PCT/US02/12610 5 Upper Edge, Left Hand Near Corner: V, (C2R,)
= 0.4706 V11(C2R1) + 0.2353Vi" (C1R1) + 0.1176_Vi,,(C2R2) +  0.1765_V;
11(C3RI) Left Edge, Upper Near Corner: 



V0, (C1R2) = 0.4706_Vi.(C,R2) + 0.1765_VL6(CIR3) + 0.1176 V,n(C2R2) +  10
0.2353_VI.(C1R1) Left Edge, Lower Near Corner: V01,(C1Ry) = 0.4706_V;
a(C,Ry) + 0.2353_V;.(C1R,+,) + 0.1176_V 11(C2Ry) +  0.1765_V19(CiRy_1)
Lower Edge, Left Hand Near Corner: 15 Va,,,(C2Ry) = 0.4706 V,,(C2Ry) +
0.2353 Vid(C1Ry) + 0.1765 VVII(C3Ry) +  0.1176 V11(C2Ry_) Lower Edge, Right
Hand Near Corner: VO,,,(CXRy) = 0.4706,_, VV,(CRy) + 0.1765 V;,,(C,~ 1Ry)
0.2353 V,,,(CX+1Ry) +  0.1176V,,,(CxRy-1) 20 Right Edge, Lower Near Corner:
VOUt(CXRY) = 0.4706 VJCXRy) + 0.1176_V;,,(C_1Ry) + 0.2353 V;,(CRy.h1) +
0.1765 V,4(C.Ry-1) Right Edge, Upper Near Corner: Vo.t(CxR2) = 0.4706_V;
,,(CxR2) + 0,1176 V1.(Cx,R) + 0. 1765 V;n(CR3) +  25 0.2353_V;.(CA1) Upper
Edge, Right Hand Near Corner: Vout(C"R) = 0.4706 V,.(C,ER1) +
0.1765_V1q(Ci-1R1) + 0.1176 V1(CCR2) +  0.2353 Vj.(Cx}1R,) where Vu, are
the chromanance values for only the color of the sub-pixel at  30 C,,Ry (C"
represents the x`" column of red 34 and green 36 sub-pixels and Ry
represents the y" row of red 34 and green 36 sub-pixels, thus CA represent
the red  34 or green 36 sub-pixel emitter at the x' column and y11i row of
the display panel,  starting with the upper left-hand corner, as is
conventionally done). It is important to note that the total of the
coefficient weights in each equation add up  35 to a value of one. Although
there are seventeen equations to calculate the full image  conversion,
because of the symmetry there are only four sets of coefficients. This
reduces  the complexity when implemented. 15 26 October 2005 WO 02/091349
PCT/US02/12610 5 As stated earlier, FIG. 17 illustrates the arrangement 78
of sample points 74 and their  effective sample areas 72 of FIG. 15
overlaid on the blue color plane sampling points 46 of  



FIG. 12, in which the sample points 74 of FIG. 15 are on the same spatial
resolution grid and  co-incident with the red (red reconstruction points
35) and green (green reconstruction points  37) "checker board" array of
FIG 11. The blue sample points 46 of FIG. 12 allow the blue 10 sample area
44 to be determined by inspection. In this case, the blue sample area 44 is
now  a blue resample area which is simply the arithmetic mean of the
surrounding blue values of  the original data sample points 74 that is
computed as the value for the sample point 46 of  the resampled image. The
blue output value, Vpv, of sample points 46 is calculated as follows:  15
Vovt(C,,. R } W 0.25 V;R{C~R3,) + 0.25 V;n(CXf) + 0.25 V;o(C+IRY) +  0.25V;
,,(Cx+rRY+j) where V;n are the blue chromanance values of the surrounding
input sample  points 74; C,, represents the xh column of sample points 74;
and RY represents the yd'  row of sample points 74, starting with the upper
left-hand corner, as is 20 conventionally done. For the blue sub-pixel
calculation, x and y numbers must be odd, as there is only one  blue
sub-pixel per pairs of red and green sub-pixels. Again, the total of the
coefficient  weights is equal to a value of one. The weighting of the
coefficients of the central area equation for the red sample point  25 35,
which affects most of the image created, and applying to the central
resample areas 52 is  the process of binary shift division, where 0.5 is a
one bit shift to the "right", 0.25 is a two  bit shift to the "right", and
0.125 is a three bit shift to the `right". Thus, the algorithm is
extremely simple and fast, involving simple shift division and addition.
For greatest  accuracy and speed, the addition of the surrounding pixels
should be completed first, 30 followed by a single three bit shift to the
right, and then the single bit shifted central value is  added. However,
the latter equations for the red and green sample areas at the edges and
the  corners involve more complex multiplications. On a small display
(e.g., a display having  few total pixels), a more complex equation maybe
needed to ensure good image quality  display. For large images or displays,
where a small error at the edges and corner may 35 matter very little, a
simplification may be made. For the simplification, the first equation for
the red and green planes is applied at the edges and corners with the
"missing" input data  sample. points over the edge of the image, such that
input sample points 74 are set to equal 16 26 October 2005 WO 02/091349
PCT/US02/12610 5 the coincident input sample point 74. Alternatively, the
"missing" values may be set to  



black.. This algorithm may be implemented with ease in software, firmware,
or hardware. It is important that the chromanance values be linearly
additive, meaning that the  sub-pixel rendering must be completed before
gamma correction. The outputs of the above  algorithm may feed into the
gamma correction tables. If gamma correction is performed 10 before
sub-pixel rendering, unexpected chromanance errors are likely to occur.
FIGS. 19 and 20 illustrate two alternative arrangements 100, 102 of sample
points 74  and their effective sample areas 72 of FIG. 15 overlaid on the
blue color plane sampling  areas 23 of FIGS. 8 and 9, in which the sample
points 74 of FIG. 15 are on the same spatial  resolution grid and
co-incident with the red and green "checker board" array of FIG. 7. FIG. 15
8 illustrates the effective sub-pixel rendering sampling areas 123 that
have the minimum  boundary perimeters for the blue color plane sampling
points 23 shown in FIG. 7 for the  arrangement of emitters in FIG. 6. The
method for calculating the coefficients proceeds as described above. The
proportional overlap of output sample areas 123 in that overlap each input
sample area 72 of  20 FIG. 19 are calculated and used as coefficients in a
transform equation or filter kernel. These coefficients are multiplied by
the sample values 74 in the following transform  equation: VO",(CX. RYj
=0.015625 V;.(CX_,RY) + 0.234375 V;n(CxR7) + 0. 234375V;,,(C,,RY)  +
0.015625-V ,(Cx}2RY) + 0.015625` V;n(C,_jRy,) + 0. 234375V;,(CXRY+,) +  25
0.234375 V,n(CX+IR +,) + 0.015625 V;II(CX+,RY+I) A practitioner skilled in
the art can find ways to perform these calculations rapidly.  For example,
the coefficient 0.015625 is equivalent to a 6 bit shift to the right. In
the case  where sample points 74 of FIG. 15 are on the same spatial
resolution grid and co-incident  with the red (red reconstruction points
25) and green (green reconstruction points 27) 30 "checker board" array of
FIG. 7, this minimum boundary condition area may lead to both  added
calculation burden and spreading the data across six sample 74 points. The
alternative effective output sample area 124 arrangement 31 of FIG. 9 may
be  utilized for some applications or situations. For example, where the
sample points 74 of  FIG. 15 are on the same spatial resolution grid and
co-incident with the red (red 35 reconstruction points 25) and green (green
reconstruction points 27) "checker board" array  of FIG. 7, or where the
relationship between input sample areas 74 and output sample areas  is as
shown in FIG. 20 the calculations are simpler. In the even columns, the
formula for 17 26 October 2005. WO 02/091349 PCT/US02/12610 



5. calculating the blue output sample points 23 is identical to the formula
developed "above for  FIG. 17. In the odd columns the calculation for FIG.
20 is as follows: Vo"t(C,+_R,1 _) = 0.25 V ,(CXRY) + 0.25 V1n(C.+1Ry) +
0.25_V3,,(CR3,_1) +  0.25 V1 (CX+1Ry-1) As usual, the above calculations
for FIGS. 19 and 20 are done for the general case of  10 the central sample
area 124. The calculations at the edges will require modifications to the
transform formulae or assumptions about the values of sample points 74 off
the edge of the  screen, as described above. Turning now to FIG. 21, an
array 104 of sample points 122 and their effective  sample areas 120 for a
prior art pixel data format is illustrated. FIG. 21 illustrates the red,
15 green, and blue values that are on an equal spatial resolution grid and
co-incident, however, it has a different image size than the image size
illustrated in FIG. 15. FIG. 22 illustrates an array 106 of sample points
122 and their effective sample areas  120 of FIG. 21 overlaid on the red
color plane sampling areas 50, 52, 53, and 54 of FIG. 13.  The sample
points 122 of FIG. 21 are not on the same spatial resolution grid, nor
co-incident 20 with the red (red reconstruction points 25, 35) and green
(green reconstruction points 27, 37)  "checker board" array of FIG. 7 or
11, respectively. In this arrangement of FIG. 22, a single simplistic
transform equation calculation for  each output sample 35 is not allowed.
However, generalizing the method used to generate  each of the calculation
based on the proportional area covered is both possible and practical. 25
This is true if for any given ratio of input to output image, especially
those that are common  in the industry as standards, there will be least
common denominator ratios that will result in  the image transform being a
repeating pattern of cells. Further reductions in complexity  occur due to
symmetry, as demonstrated above with the input and output arrays being
coincident. When combined, the repeating three-color sample points 122 and
symmetry 30 results in a reduction of the number of sets of unique
coefficients to a more manageable  level. For example, the commercial
standard display color image format called "VGA"  (which used to stand for
Video Graphics Adapter but now it simply means 640x480) has 640  columns
and 480 rows. This format needs to be re-sampled or scaled to be displayed
onto a 35 panel of the arrangement shown in Fig. 10, which has 400 red
sub-pixels 34 and 400 green  sub-pixels 36 across (for a total of 800
sub-pixels across) and 600 total sub-pixels 34 and 36  down. This results
in an input pixel to output sub-pixel ratio of 4 to 5. The transfer 18 26
October 2005 



WO 02/091349 PCT/US02/12510 5 equations for each red sub pixel 34 and each
green sub-pixel 36 can be calculated from the  fractional coverage of the
input sample areas 120 of FIG. 22 by the sample output areas 52.  This
procedure is similar to the development of the transfer equations for FIG.
18, except the  transfer equations seem to be different for every single
output sample point 35. Fortunately  if you proceed to calculate all these
transfer equations a pattern emerges. The same five 10 transfer equations
repeat over and over across a row, and another pattern of five equations
repeat down each column. The end result is only 5x5 or twenty-five unique
sets of equations  for this case with a pixel to sub-pixel ratio of 4:5.
This reduces the unique calculations to  twenty-five sets of coefficients.
In these coefficients, other patterns of symmetries can be  found which
reduce the total number of coefficient sets down to only six unique sets.
The 15 . same procedure will produce an identical set of coefficients for
the arrangement 20 of FIG. 6. The following is an example describing how
the coefficients are calculated, using the  geometric method described
above. FIG. 32 illustrates a single 5x5 repeat cell 202 from the  example
above of converting a 640x480 VGA format image to a PenTile matrix with 20
800x600 total red and green sub pixels. Each of the square sub pixels 204
bounded by solid  lines 206 indicates the location of a red or green sub
pixel that must have a set of coefficients  calculated. This would require
25 sets of coefficients to be calculated, were it not for symmetry. FIG. 32
will be discussed in more detail later. FIG. 33 illustrates the symmetry in
the coefficients. If the coefficients are written  25 down in the common
matrix form for filter kernels as used in the industry, the filter kernel
for sub-pixel 216 would be a mirror image, flipped left-to-right of the
kernel for sub-pixel  218. This is true for all the sub pixels on the right
side of symmetry line 220, each having a  filter kernel that is the mirror
image of the filter kernel of an opposing sub-pixel. In addition, sub-pixel
222 has a filter kernel that is a mirror image, flipped top-to-bottom of
the  30 filter kernel for sub-pixel 218. This is also true of all the other
filter kernels below  symmetry line 224, each is the mirror image of an
opposing sub-pixel filter. Finally, the  filter kernel for sub-pixel 226 is
a mirror image, flipped on a diagonal, of the filter for sub- pixel 228.
This is true for all the sub-pixels on the upper right of symmetry line
230, their  filters are diagonal mirror images of the filters of the
diagonal opposing sub-pixel filter. 35 Finally, the filter kernels on the
diagonal are internally diagonally symmetrical, with  identical coefficient
values on diagonally opposite sides of symmetry line 230. An example  of a
complete set of filter kernels is provided further herein to demonstrate
all these 19 



26 October 2005 WO 02/091349 PCT/US02/12610 symmetries in the filter
kernels. The only filters that need to be calculated are the shaded in
ones, sub-pixels 218, 228, 232, 234, 236, and 238. In this case, with a
repeat cell size of 5,  the minimum number of filters needed is only six.
The remaining filters can be determined  by flipping the 6 calculated
filters on different axes. Whenever the size of a repeat cell is  odd, the
formula for determining the minimum number of filters is: 10 P+ l f 1. + p2
1  N i f ts = --- 2 Where P is the odd width and height of the repeat cell,
and Nfilts is the minimum  number of filters required. 15 FIG. 34
illustrates an example of the case where the repeat cell size is even. The
only filters that need to be calculated are the shaded in ones, sub-pixels
240, 242, and 244.  In this case with a repeat cell size of 4 only three
filters must be calculated. Whenever the  size of the repeat cell is even,
the general formula for determining the minimum number of  filters is: 20
2(1+2)  Neven = 2  Where P is the even width and height of the repeat cell,
and Neven is the minimum  number of filters required. Returning to FIG. 32,
the rendering boundary 208 for the central sub-pixel 204 25 encloses an
area 210 that overlaps four of the original pixel sample areas 212. Each of
these  overlapping areas is equal, and their coefficients must add up to
one, so each of them is 1/4  or 0.25. These are the coefficients for sub
pixel 238 in FIG. 33 and the 2x2 filter kernel for  this case would be: 1/4
1/4 1141/4 



30 The coefficients for sub-pixel 218 in FIG. 33 are developed in FIG. 35.
This sub- pixel 218 is bounded by a rendering area 246 that overlaps five
of the surrounding input  pixel sample areas 248. Although this sub-pixel
is in the upper left corner of a repeat cell, it 20 26 October 2005 WO
02/091349 PCT/US02/12610 5 is assumed for the sake of calculation that
there is always another repeat cell past the edge  with additional sample
areas 248 to overlap. These calculations are completed for the  general
case. and the edges of the display will be handled with a different method
as  described above. Because rendering area 246 crosses three sample areas
248 horizontally  and three vertically, a 3x3 filter kernel will be
necessary to hold all the coefficients. The 10 coefficients are calculated
as described before: the area of each input sample area covered  by
rendering area 246 is measured and then divided by the total area of
rendering area 246. Rendering area 246 does not overlap the upper left,
upper right, lower left, or lower right  sample areas 248 at all so their
coefficients are zero. Rendering area 246 overlaps the upper  center and
middle left sample areas 248 by 1/8' of the total area of rendering area
246, so 15 their coefficients are 1/8`'`. Rendering area 246 overlaps the
center sample area 248 by the  greatest proportion, which is 11/16d''.
Finally rendering area 246 overlaps the middle right  and bottom center
sample areas 248 by the smallest amount of 1132nd. Putting these all in
order results in the following coefficient filter kernel: 01/80
1/811/161/32 01/320 20 Sub-pixel 232 from FIG. 33 is illustrated in FIG. 36
with its rendering area 250  overlapping five sample areas 252. As before,
the portions of the area of rendering area 250  that overlap each of the
sample areas 252 are calculated and divided by the area of rendering  area
250. In this case, only a 3x2 filter kernel would be necessary to hold all
the  coefficients, but for consistency a 3x3 will be used. The filter
kernel for FIG. 36 would be: 25 1/64171640 7/6437/642/64 000 Sub-pixel 234
from FIG. 33 is illustrated in FIG. 37 with its rendering area 254
overlapping sample areas 256. The coefficient calculation for this would
result in the  following kernel: 



30 21 26 October 2005 WO 02/091349 PCT/US02/12610 416414/640 1416432/640
000 5 Sub-pixel 228 from FIG. 33 is illustrated in FIG. 38 with its
rendering area 258  overlapping sample areas 260. The coefficient
calculations for this case would result in the  following kernel:
4/6427/641164 4/6427/641164 000 10 Finally, sub-pixel 236 from FIG. 33 is
illustrated in FIG. 39 with its rendering area  262 overlapping sample
areas 264. The coefficient calculations for this case would result in  the
following kernel: 4164271641/64 4/6427/641164 000 15 This concludes all the
minimum number of calculations necessary for the example  with a pixel to
sub-pixel ratio of 4:5. All the rest of the 25 coefficient sets can be
constructed by flipping the above six filter kernels on different axes, as
described with FIG. 33. For the purposes of scaling the filter kernels must
always sum to one or they will  20 effect the brightness of the output
image. This is true of all six filter kernels above. However, if the
kernels were actually used in this form the coefficients values would all
be  fractions and require floating point arithmetic. It is common in the
industry to multiply all  the coefficients by some value that converts them
all to integers. Then integer arithmetic can  be used to multiply input
sample values by the filter kernel coefficients, as long as the total 25 is
divided by the same value later. Examining the filter kernels above, it
appears that 64  would be a good number to multiply all the coefficients
by. This would result in the  following filter kernel for sub-pixel 218
from FIG. 35: 22 26 October 2005 



WO 02/091349 PCT/US02/12610 0 8 0 8 44 2 020 5 (divided by 64) All the
other filter kernels in this case can be similarly modified to convert them
to  integers for ease of calculation. It is especially convenient when the
divisor is a power of  two, which it is in this case. A division by a power
of two can be completed rapidly in 10 software or hardware by shifting the
result to the right. In this case, a shift to the right by 6  bits will
divide by 64. In contrast, a commercial standard display color image format
called XGA (which  used to stand for Xtended Graphics Adapter but now
simply means 1024x768) has 1024  columns and 768 rows. This format can be
scaled to display on an arrangement 38 of FIG. 15 10 that has 1600 by 1200
red and green emitters 34 and 36 (plus 800 by 600 blue emitters  32). The
scaling or re-sampling ratio of this configuration is 16 to 25, which
results in 625  unique sets of coefficients. Using symmetry in the
coefficients reduces the number to a  more reasonable 91 sets. But even
this smaller number of filters would be tedious to do by  hand, as
described above. Instead a computer program (a machine readable medium) can
20 automate this task using a machine (e.g., a computer) and produce the
sets of coefficients  quickly. In practice, this program is used once to
generate a table of filter kernels for any  given ratio. Then that table is
used by scaling/rendering software or burned into the ROM  (Read Only
Memory) of hardware that implements scaling and sub-pixel rendering. The
first step that the filter generating program must complete is calculating
the  25 scaling ratio and the size of the repeat cell. This is completed by
dividing the number of  input pixels and the number of output sub-pixels by
their GCD (Greatest Common Denominator). This can also be accomplished in a
small doubly nested loop. The outer loop  tests the two numbers against a
series of prime numbers. This loop should run until it has  tested primes
as high as the square root of the smaller of the two pixel counts. In
practice .30 with typical screen sizes it should never be necessary to test
against primes larger than 41.  Conversely, since this algorithm is
intended for generating filter kernels "offline" ahead of  time, the outer
loop could simply run for all numbers from 2 to some ridiculously large  



number, primes and non-primes. This may be wasteful of CPU time, because it
would do 23 26 October 2005 WO 02/091349 PCT/US02/12610 5 more tests than
necessary, but the code would only be run once for a particular combination
of input and output screen sizes. An inner loop tests the two pixel counts
against the current prime. If both counts are  evenly divisible by the
prime, then they are both divided by that prime and the inner loop
continues until it is not possible to divide one of the two numbers by that
prime again. 10 When the outer loop terminates, the remaining small numbers
will have effectively been  divided by the GCD. The two numbers will be the
"scale ratio" of the two pixel counts. Some typical values: 15 320:640
becomes1:2 384:480 becomes4:5 512:640 becomes4:5 480:768 becomes5:8
640:1024 becomes5:8 These ratios will be referred to as the pixel to
sub-pixel or P:S ratio, where P is the input pixel numerator and S is the
sub pixel denominator of the ratio. The number of filter  20 kernels needed
across or down a repeat cell is S in these ratios. The total number of
kernels needed is the product of the horizontal and vertical S values. In
almost all the common  VGA derived screen sizes the horizontal and vertical
repeat pattern sizes will turn out to be  identical and the number of
filters required will be S2. From the table above, a 640x480  image being
scaled to a 1024x768 PenTile matrix has a P:S ratio of 5:8 and would
require 25 8x8 or 64 different filter kernels (before taking symmetries
into account). In a theoretical environment, fractional values that add up
to one are used in a filter  kernel. In practice, as mentioned above,
filter kernels are often calculated as integer values  with a divisor that
is applied afterwards to normalize the total back to one. It is important
to  start by calculating the weight values as accurately as possible, so
the rendering areas can be 30 calculated in a co-ordinate system large
enough to assure all the calculations are integers.  Experience has shown
that the correct co-ordinate system to use in image scaling situations  is
one where the size of an input pixel is equal to the number of output sub
pixels across a  repeat cell, which makes the size of an output pixel equal
the number of input pixels across a  



repeat cell. This is counter-intuitive and seems backwards. For example, in
the case of 35 scaling 512 input pixels to 640 with a 4:5 P:S ratio, you
can plot the input pixels on graph  paper as 5x5 squares and the output
pixels on top of them as 4x4 squares. This is the  smallest scale at which
both pixels can be drawn, while keeping all the numbers integers. In 24 26
October 2005 WO 02/091349 PCTIUS02112610 5 this co-ordinate system, the
area of the diamond shaped rendering areas centered over the  output
sub-pixels is always equal to twice the area of an output pixel or 2*PZ.
This is the  minimum integer value that can be used as the denominator of
filter weight values. Unfortunately, as the diamond falls across several
input pixels, it can be chopped into  triangular shapes. The area of a
triangle is the width times the height divided by two and 10 this can
result in non-integer values again. Calculating twice the area solves this
problem, so  the program calculates areas multiplied by two. This makes the
minimum useful integer  filter denominator equal to 4*P2. Next it is
necessary to decide how large each filter kernel must be. In the example
completed by hand above, some of the filter kernels were 2x2, some were 3x2
and others  15 were 3x3. The relative sizes of the input and output pixels,
and how the diamond shaped rendering areas can cross each other, determine
the maximum filter kernel size needed.  When. scaling images from sources
that have more than two output sub-pixels across for  each input pixel
(e.g., 100:201 or 1:3), a 2x2 filter kernel becomes possible. This would
require less hardware to implement. Further the image quality is better
than prior art scaling 20 since the resulting image captures the
"square-ness" of the implied target pixel, retaining  spatial frequencies
as best as is possible, represented by the sharp edges of many flat panel
displays. These spatial frequencies are used by font and icon designers to
improve the  apparent resolution, cheating the Nyquist limit well known in
the art. Prior art scaling  algorithms either limited the scaled spatial
frequencies to the Nyquist limit using 25 interpolation, or kept the
sharpness, but created objectionable phase error. When scaling down there
are more input pixels than output sub-pixels. At any scale  factor greater
than 1:1 (e.g., 101:100 or 2:1) the filter size becomes 4x4 or larger. It
will be  difficult to convince hardware manufacturers to add more line
buffers to implement this.  However, staying within the range of 1:1 and
1:2 has the advantage that the kernel size stays 30 at a constant 3x3
filter. Fortunately, most of the cases that will have to be implemented in
hardware fall within this range and it is reasonable to write the program
to simply generate  



3x3 kernels. In some special cases, like the example done above by hand,
some of the filter  kernels will be smaller than W. In other special cases,
even though it is theoretically  possible for the filter to become 3x3, it
turns out that every filter is only 2x2. However, it is 35 easier to
calculate the kernels for the general case and easier to implement.hardware
with a  fixed kernel size. 25 26 October 2005 WO 02/091349 PCT/US02/12610 5
Finally, calculating the kernel filter weight values is now merely a task
of calculating  the areas (times two) of the 3x3 input pixels that
intersect the output diamond shapes at each  unique (non symmetrical)
location in the repeat cell. This is a very straightforward "rendering"
task that is well known in the industry. For each filter kernel, 3x3 or
nine  coefficients are calculated. To calculate each of the coefficients, a
vector description of the  10 diamond shaped rendering area is generated.
This shape is clipped against the input pixel area edges. Polygon clipping
algorithms that are well known in the industry are used.  Finally, the area
(times two) of the clipped polygon is calculated. The resulting area is the
coefficient for the corresponding cell of the filter kernel. A sample
output from this program  is shown below: 15 Source pixel resolution 1024
Destination sub-pixel resolution 1280  Scaling ratio is 4:5 Filter numbers
are all divided by 256  Minimum filters needed (with symmetries): 6 20
Number of filters generated here (no symmetry): 25 0 32 04 28 016 16 028 4
00 32 0 321768681480108108 01486808 176 32 08008044 08000 8 0 4 68
0165603636 0561600 68 4 2814885612809292 01285608 148 28 00000000 00000 0 0
161084369206464 0923604 108 16 161084369206464 0923604 108 16 00000000
00000 0 0 2814885612809292 01285608 148 28 



4680165603636 0561600 68 4 00000000 00000 0 0 008044 08 0 00 8 0 27
868148010810$ Q1486808 176 32 F 1320 04280 1616 0 2840 0 32 0 1- ____j19 -j
26 26 October 2005 WO 02/091349 PCT/US02/12610 5 In the above sample
output, all 25 of the filter kernels necessary for this case are
calculated, without taking symmetry into account. This allows for the
examination of the  coefficients and to. verify visually that there is a
horizontal, vertical, and diagonal symmetry  in the filter kernels in these
repeat cells. As before, edges and corners of the image may be  treated
uniquely or may be approximated by filling in the "missing" input data
sample with 10 the value of either the average of the others, the most
significant single contributor, or black.  Each set of coefficients is used
in a filter kernel, as is well known in the art. Keeping track  of the
positions and symmetry operators is a task for the software orhardware
designer using  modulo math techniques, which are also well known in the
art. The task of generating the  coefficients is a simple matter of
calculating the proportional overlap areas of the input 15 sample area 120
to output sample area 52 for each sample corresponding output sample  point
35, using means known in the art. FIG. 23 illustrates an array 108 of
sample points 122 and their effective sample areas  120 of FIG. 21 overlaid
on the blue color plane sampling areas 44 of FIG. 12, in which the  sample
points 122 of FIG. 21 are not on the same spatial resolution grid, nor
co-incident 20 with the red and green "checker board" array of FIG. 11. The
method of generating the  transform equation calculations proceed as
described earlier. First, the size of the repeating  array of three-color
pixel elements is determined, next the minimum number of unique
coefficients is determined, and then the values of those coefficients by
the proportional  overlap of input sample areas 120 to output sample areas
44 for each corresponding output 25 sample point 46 is determined. Each of
these values are applied to the transform equation.  



The array of repeating three-color pixel elements and resulting number of
coefficients is the  same number as that determined for the red and green
planes. FIG. 24 illustrates the array 110 of sample points and their
effective sample areas of  FIG. 21 overlaid on the blue color plane
sampling areas 123 of FIG. 8, in which the sample  30 points 122 of FIG. 21
are not on the same spatial resolution grid nor co-incident with the red
(red reconstruction points 35) and green (green reconstruction points 37)
"checker board!  array of FIG. 11. The method of generating the transform
equation calculations proceeds as  described above. First, the size of the
repeating array of three-color pixel elements is  determined. Next, the
minimum number of unique coefficients is determined, and then the 35 values
of those coefficients by the proportional overlap of input sample areas 120
to output  sample areas 123 for each corresponding output sample point 23
is determined. Each of  these values are applied to the transform equation.
27 26 October 2005 WO 02/091349 PCT/US02/12610 5 The preceding has examined
the RGB format for CRT. A conventional RGB flat  panel display arrangement
10 has red 4, green 6, and blue 2 emitters arranged in a three- color pixel
element 8, as in prior art FIG. 1. To project an image formatted according
to this  arrangement onto the three-color pixel element illustrated in FIG.
6 or in FIG. 10, the  reconstruction points must be determined. The
placement of the red, green, and blue 10 reconstruction points is
illustrated in the arrangement 12 presented in prior art FIG. 2. The  red,
green, and blue reconstruction points are not coincident with each other,
there is a  horizontal displacement. According prior art disclosed by
Benzschawel, et al. in U.S. Patent  No. 5,341,153, and later by Hill, et
al. in U.S. Patent No. 6,188,385, these locations are used  as sample
points 3, 5, and 7 with sample areas, as shown in prior art FIG. 3 for the
red color 15 plane 14, in prior art FIG. 4 for the blue color plane 16, and
prior art FIG. 5 for the green  color plane 18. A transform equation
calculation can be generated from the prior art arrangements  presented in
FIGS. 3, 4, and 5 from the methods disclosed herein. The methods that have
been outlined above can be utilized by calculating the coefficients for the
transform 20 equations, or filter kernels, for each output sample point of
the chosen prior art arrangement.  FIG. 25 illustrates the effective sample
area 125 of the red color plane of FIG. 3 overlaid on  the red color plane
sampling areas 52 of FIG. 13, where the arrangement of red emitters 35  in
FIG. 25 has the same pixel level (repeat unit) resolution as the
arrangement in FIG. 6 and  



FIG. 10. The method of generating the transform equation calculations
proceeds as 25 described above. First, the size of the repeating array of
three-color pixel elements is  determined. The minimum number of unique
coefficients are then determined by noting the  symmetry (in this case: 2).
Then, then the values of those coefficients, by the proportional  overlap
of input sample areas 125 to output sample areas 52 for each corresponding
output  sample point 35 is determined. Each of these values are applied to
the transform equation. 30 The calculation for the resampling of the green
color plane, as illustrated in FIG. 4, proceeds  in a similar manner, but
the output sample array is rotated by 180 and the green input  sample areas
127 -are offset. FIG. 26 illustrates the effective sample areas 127 of the
blue  color plane of prior art FIG. 4 overlaid on the blue color plane
sampling areas 123 of FIG. 8. FIG. 40 illustrates an example for blue that
corresponds to the red and green example  35 in FIG. 32. Sample area 266 in
FIG. 40 is a square instead of a diamond as in the red and  green example.
The number of original pixel boundaries 272 is the same, but there are
fewer  blue output pixel boundaries 274. The coefficients are calculated as
described before; the 28 26 October 2005 WO 02/091349 PCT/US02/12610 5 area
of each input sample area 268 covered by rendering area 266 is measured and
then  divided by the total area of rendering area 266. In this example, the
blue sampling area 266  equally overlaps four of the original pixel areas
268, resulting in a 2x2 filter kernel with four  coefficients of 1/4. The
eight other blue output pixel areas 270 and their geometrical
intersections with original pixel areas 269 can be seen in FIG. 40. The
symmetrical 10 relationships of the resulting filters can be observed in
the symmetrical arrangements of  original pixel boundaries 274 in each
output pixel area 270. In more complicated cases, a computer program is
used to generate blue filter  kernels. This program turns out to be very
similar to the program for generating red and  green filter kernels. The
blue sub-pixel sample points 33 in FIG. 11 are twice as far apart as 15 the
red and green sample points 35, 37, suggesting that the blue rendering
areas will be twice  as wide. However, the rendering areas for red and
green are diamond shaped and are thus  twice as wide as the spacing between
the sample points. This makes the rendering areas of  red and green and
blue the same width and height which results in several convenient
numbers; the size of the filter kernels for blue will be identical to the
ones for red and green. 20 Also the repeat cell size for blue will
generally be identical to the repeat cell size for red and  green. Because
the blue sub-pixel sample points 33 are spaced twice as far apart, the P:S



(pixel to sub-pixel) ratio is doubled. For example, a ratio of 2:3 for red
becomes 4:3 for  blue. However, it is the S number in this ratio that
determines the repeat cell size and that is  not changed by doubling.
However, if the denominator happens to be divisible by two, there 25 is an
additional optimization that can be done. In that case, the two numbers for
blue can be  divided by an additional power of two. For example, if the red
and green P:S ratio is 3:4,  then the blue ratio would be 6:4 which can be
simplified to 3:2. This means that in these  (even) cases the blue repeat
cell size can be cut in half and the total number of filter kernels
required will be one quarter that of red and green. Conversely, for
simplicity of algorithms 30 or hardware designs, it is possible to leave
the blue repeat cell size identical to that of red  and green. The
resulting set of filter kernels will have duplicates (quadruplicates,
actually)  but will work identically to the red and green set of filter
kernels. Therefore, the only modifications necessary to take the red and
green filter kernel  program and make it generate blue filter kernels was
to double the numerator of the P:S ratio  35 and change the rendering area
to a square instead of a diamond. Now consider the arrangement 20 of FIG. 6
and the blue sample areas 124 of FIG. 9.  This is similar to the previous
example in that the blue sample areas 124 are squares. 29 26 October 2005
WO 02/091349 PCT/US02/12610 5 However, because every other column of them
are staggered half of their height up or down,  the calculations are
complicated. At first glance it seems that the repeat cell size will be
doubled horizontally. However the following procedure has been discovered
to produce the  correct filter kernels: 1) Generate a repeat cell set of
filter kernels as if the blue sample points are not 10 staggered, as
described above. Label the columns and rows of the table of filters for
the repeat cell with numbers starting with zero and ending at the repeat
cell size  minus one. 2) On the even columns in the output image, the
filters in the repeat cell are correct as  is. The modulo in the repeat
cell size of the output Y co-ordinate selects which row  15 of the filter
kernel set to use, the modulo in the repeat cell size of the X co-ordinate
selects a column and tells which filter in the Y selected row to use. 3) On
the odd output columns, subtract one from the Y co-ordinate before taking
the  modulo of it (in the repeat cell size). The X co-ordinate is treated
the same as the  even columns. This will pick a filter kernel that is
correct for the staggered case of 20 FIG. 9. 



In some cases, it is possible to perform the modulo calculations in advance
and pre- stagger the table of filter kernels. Unfortunately this only works
in the case of a repeat cell  with an even number of columns. If the repeat
cell has an odd number of columns, the  modulo arithmetic chooses the even
columns half the time and the odd ones the other half of 25 the time.
Therefore, the calculation of which column to stagger must be made at the
time  that the table is used, not beforehand. Finally, consider the
arrangement 20 of FIG. 6 and the blue sampling areas 123 of  FIG. & This is
similar to the previous case with the additional complication of hexagonal
sample areas. The first step concerning these hexagons is how to draw them
correctly or 30 generate vector lists of them in a computer program. To be
most accurate, these hexagons  must be minimum area hexagons, however they
will not be regular hexagons. A geometrical  proof can easily be completed
to illustrate in FIG. 41 that these hexagon sampling areas 123  of FIG. 8
are 118 wider on each side than the square sampling areas 276. Also, the
top and  bottom edge of the hexagon sampling areas 123 are 1/8 narrower on
each end than the top 35 and bottom edge of the square sampling areas 276.
Finally, note that the hexagon sampling  areas 123 are the same height as
the square sampling areas 276. 30 26 October 2005 WO 021091349
PCT/US02/12610 5 Filter kernels for these hexagonal sampling areas 123 can
be generated in the same  geometrical way as was described above, with
diamonds for red and green or squares for  blue. The rendering areas are
simply hexagons and the area of overlap of these hexagons  with the
surrounding input pixels is measured. Unfortunately, when using the
slightly wider  hexagonal sampling areas 123, the size of the filter
kernels sometimes exceeds a 3x3 filter, 10 even when staying between the
scaling ratios of 1:1 and 1:2. Analysis shows that if the  scaling ratio is
between 1:1 and 4:5 the kernel size will be 4x3. Between scaling ratios of
4:5 and 1:2, the filter kernel size will remain 3x3. (Note that because the
hexagonal sampling  areas 123 are the same height as the square sampling
areas 276 the vertical size of the filter  kernels remains the same). 15
Designing hardware for a wider filter kernel is not as difficult as it is
to build  hardware to process taller filter kernels, so it is not
unreasonable to make 4x3 filters a  requirement for hardware based
sub-pixel rendering/scaling systems. However, another  solution is
possible. When the scaling ratio is between 1:1 and 4:5 the square sampling
areas  124 of FIG. 9 are used, which results in 3x3 filters. When the
scaling ratio is between 4:5 20 and 1:2, the more accurate hexagonal
sampling areas 123 of FIG. 8 are used and 3x3 filters  



are also required. In this way, the hardware remains simpler and less
expensive to build.  The hardware only needs to be built for one size of
filter kernel and the algorithm used to  build those filters is the only
thing that changes. Like the square sampling areas of FIG. 9, the hexagonal
sampling areas of FIG. 8 are  25 staggered in every other column. Analysis
has shown that the same method of choosing the  filter kernels described
above for FIG. 9 will work for the hexagonal sampling areas of FIG.  8.
Basically this means that the coefficients of the filter kernels can be
calculated as if the  hexagons are not staggered, even though they always
are. This makes the calculations easier  and prevents the table of filter
kernels from becoming twice as big. .30 In the case of the diamond shaped
rendering areas of FIGS. 32 through 39, the areas  were calculated in a
co-ordinate system designed to make all areas integers for ease of
calculation. This occasionally resulted in large total areas and filter
kernels that had to be  divided by large numbers while in use. Sometimes
this resulted in filter kernels that were  not powers of two, which made
the hardware design more difficult. In the case of FIG. 41, 35 the extra
width of the hexagonal rendering areas 123 will make it necessary to
multiply the  coefficients of the filter kernels by even larger numbers to
make them all integers. In all of  these cases, it would be better to find
a way to limit the size of the divisor of the filter kernel 31 26 October
2005 WO 02/091349 PCT/US02/12610 5 coefficients. To make the hardware
easier to design, it would be advantageous to be able to  pick the divisor
to be a power of two. For example if all the filter kernels were designed
to  be divided by 256, this division operation could be performed by an
eight bit right shift  operation. Choosing ~56 also guarantees that all the
filter kernel coefficients would be  8-bit  values that would fit in
standard "byte wide read-only-memories (ROMs). Therefore, the 10 following
procedure is used to generate filter kernels with a desired divisor. Since
the  preferred divisor is 256, it will be utilized in the following
procedure. 1) Calculate the areas for the filter coefficients using
floating point arithmetic. Since  this operation is done off-line
beforehand, this does not increase the cost of the  hardware that uses the
resulting tables. 15 2) Divide each coefficient by the known total area of
the rendering area, then multiply  by 256. This will make the filter sum to
256 if all arithmetic is done in floating  point, but more steps are
necessary to build integer tables. 3) Do a binary search to find the round
off point (between 0.0 and 1.0) that makes the  



filter total a sum of 256 when converted to integers. A binary search is a
common  20 algorithm well known in the industry. If this search succeeds,
you are done. A binary search can fail to converge and this can be detected
by testing for the loop  running an excessive number of times. 4) If the
binary search fails, find a reasonably large coefficient in the filter
kernel and  add or subtract a small number to force the filter to sum to
256. 25 5) Check the filter for the special case of a single value of 256.
This value win not fit in  a table of 8-bit bytes where the largest
possible number is 255, In this special case,  set the single value to 255
(256-1) and add I to one of the surrounding coefficients to  guarantee that
the filter still sums to 256. FIG. 31 illustrates the output sample
arrangement 40 of FIG. I I overlaid on top of  30 the input sample
arrangement 70 of FIG. 15 in the special case when the scaling ratio is one
input pixel for each two output sub pixels across. In this configuration
200, when the  original data has not been sub-pixel rendered, the pairs of
red emitters 35 in the three color  pixel element 39 would be treated as
though combined, with a represented reconstruction  point 33 in the center
of the three color pixel element 39. Similarly, the two green emitters 35
37 in the three-color pixel element 39 are treated as being a single
reconstruction point 33 in  the center of the,- three-color pixel element
39. The blue emitter 33 is already in the center.  Thus, the, five emitters
can be treated as though they reconstructed the RGB data format 32 26
October 2005 WO 02/091349 PCT/US02/12610 5 sample points, as though all
three color planes were in the center. This may be considered  the "Native
Mode" of this arrangement of subpixels. By resampling, via subpixel
rendering, an already sub pixel rendered image onto  another sub-pixeled
display with a different arrangement of subpixels, much of the improved
image quality of the original is retained. According to one embodiment, it
is desirable to 10 generate a transform from this sub-pixel rendered image
to the arrangements disclosed  herein. Referring to Figures 1, 2, 3, 4, 5,
25, and 26 the methods that have been outlined  above will serve, by
calculating the coefficients for the transform filters for each output
sample point 35, shown in FIG. 25, of the target display arrangement with
respect to the  rightward displaced red input sample 5 of FIG. 3. The blue
emitter is treated as indicated 15 above, by calculating the coefficients
for the transform filters for each output sample point  of the target
display arrangement with respect to the displaced blue input sample 7 of
FIG. 4.  In a case for the green color plane, illustrated in FIG. 5, where
the input data has 



been sub pixel rendered, no change need be made from the non-sub-pixel
rendered case  since the green data is still centered. 20 When applications
that use subpixel rendered text are included along-side non- subpixel
rendered graphics and photographs, it would be advantageous to detect the
subpixel  rendering and switch on the alternative spatial sampling filter
described above, but switch  back to the regular, for that scaling ratio,
spatial sampling filter for non-subpixel rendered  areas, also described in
the above. To build such a detector we first must understand what 25
subpixel rendered text looks like, what its detectable features are, and
what sets it apart from  non-subpixel rendered images. First, the pixels at
the edges of black and white subpixel  rendered fonts will not be locally
color neutral: That is R # G. However, over several pixels  the color will
be neutral; That is R =_ G. With non-subpixel rendered images or text,
these  two conditions together do not happen. Thus, we have our detector,
test for local R ~G and  30 R - G over several pixels. Since subpixel
rendering on an RGB stripe panel is one dimensional, along the  horizontal
axis, row by row, the test is one dimensional. Shown below is one such
test:  If R~ # G,, and If R,,-2 + R.-1 + R. + R.+1 + Rx+2 = GX_2 + Gx-1 +
G. + GX+1 + Gx+2  35 Or If Rx_,+Rx+k+1+R,t+2 =_ Gx_2+G, +Gx+G.+j Then apply
alternative spatial filter for subpixel rendering input 33 26 October 2005
WO 02/091349 PCT/US02/12610 Else apply regular spatial filter For the case
where the text is colored there will be a relationship between the red and
green components of the form Rx aGX, where "a" is a constant. For black and
white text  "a" has the value of one. The test can be expanded to detect
colored as well as black and  white text: 10 15 If R,,:o- aG, and If Rx z +
Rx-I + R. + R.+I + *a a (Gx_, + Gx_I + G. + Gx+I + Gxrz  Or If Rx_I + Rx +
R.+, + Rx+a = a (G.-, + Gx_, + G. + GX}I }  Then apply alternative spatial
filter for subpixel rendering input  



Else apply regular spatial filter R,, and G. represent the values of the
red and green components at the "x" pixel  column coordinate. There may be
a threshold test to determine if R = G close enough. The value of  20 which
may be adjusted for best results. The length of terms, the span of the test
may be  adjusted for best results, but will generally follow the form
above. FIG. 27 illustrates an arrangement of three-color pixel elements in
an array, in three  planes, for a display device according to another
embodiment. FIG. 28 illustrates the  arrangement of the blue emitter pixel
elements in an array for the device of FIG. 27. FIG. 29 25 illustrates the
arrangement of the green emitter pixel elements in an array for the device
of  FIG. 27. FIG. 30 illustrates the arrangement of the red emitter pixel
elements in an array for  the device of FIG. 27. This arrangement and
layout is useful for projector based displays  that use three panels, one
for each red, green, and blue primary, which combine the images  of each to
project on a screen. The emitter arrangements and shapes match closely to
those 30 of FIGS. 8, 13, and 14, which are the sample areas for the
arrangement shown in FIG. 6.  Thus, the graphics generation, transform
equation calculations and data formats, disclosed  herein, for the
arrangement of FIG. 6 will also work for the three-panel arrangement of
FIG. 27. For scaling ratios above approximately 2:3 and higher, the
subpixel rendered 35 resampled data set for the PenTileTM matrix
arrangements of subpixels is more efficient at  representing the resulting
image. If an image to be stored and/or transmitted is expected to  be
displayed onto a PenTileTM display and the scaling ratio is 2:3 or higher,
it is 34 26 October 2005 WO 021091349 PCT/US02/12610 5 advantageous to
perform the resampling before storage and/or transmission to save on
memory storage space and/or bandwidth. Such an image that has been
resampled is called  "prerendered". This prerendering thus serves as an
effectively lossless compression  algorithm. The advantages of this
invention are being able to take most any stored image and  10 rerender it
onto any practicable color subpixel arrangement. While the invention has
been described with reference to an exemplary embodiment,  it will be
understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from
the scope of the  invention. In addition, many modifications may be made to
adapt a particular situation or 



15 material to the teachings without departing from the essential scope
thereof. Therefore, it is  intended that the invention not be limited to
the particular embodiment disclosed as the best  mode contemplated for
carrying out this invention, but that the invention will include all
embodiments falling within the scope of the appended claims. What is
claimed is: 35 26 October 2005 WO 02/091349 PCT/US02/12610 5 CLAIMS  1. A
method of converting a source pixel data of a first format having a
plurality of three-color pixel elements for a display of a second format
having a plurality of three- color pixel elements, comprising: determining
implied sample areas in a form of a data value for each data point of  10
each color in said source pixel data of said first format; determining
resample areas for each emitter of each color in the display;  forming a
set of fractions for each said resample area whose denominators are a
function of said resample area and whose numerators are said function of an
area of each of  said implied sample areas that at least partially overlaps
said resample areas; 15 multiplying said data value for each said implied
sample area by its respective said  fraction resulting in a product; and
adding each said product together to obtain luminance values for each said
resample area. 2. The method of Claim 1, further comprising storing said
set of fractions of  20 said first format in display hardware. 3. The
method of Claim 1, further comprising storing said set of fractions of
said first format in display software. 4. The method of Claim 1, further
comprising storing said set of fractions of  said first format in display
firmware. 25 5. The method of Claim 1, further comprising driving the
display with said  luminance values. 6. The method of Claim 1, further
comprising storing said luminance values.  7. The method of Claim 1,
further comprising transmitting said luminance values.  30 8. The method of
Claim 1, wherein said data of said first format has one-half as many said
three-color pixel elements horizontally and vertically as the display of
said second  



format. 9. The method of Claim 1, wherein the display is selected from the
group  comprising liquid crystal displays, subtractive displays, OLEDs,
electrophoretic displays, 35 field emitter displays, discrete light
emitting diode displays, plasma panel displays, EL  displays, projectors,
and cathode ray tube displays. 36 26 October 2005 WO 02/091349
PCT/US02/12610 5 10. A method of converting a source pixel data of a first
format for a display of a  second format having a plurality of three-color
pixel elements, comprising: determining implied sample areas for each data
point of each color in said source  pixel data of said first format;
determining resample areas for each emitter of each color in the display;
10 determining for each said resample area a percentage overlap area of
each  overlapping said implied sample area with said resample area to
obtain data values; and multiplying said data values for each said implied
sample area by said percentage  overlap area resulting in a product; and
adding each said product together to obtain luminance values for each said
resample 15 area. 11. The method of Claim 10, further comprising storing
said set of fractions of  said first format in display hardware. 12. The
method of Claim 10, further comprising storing said set of fractions of
said first format in display software. 20 13. The method of Claim 10,
further comprising storing said set of fractions of  said first format in
display firmware. 14. The method of Claim 10, farther comprising driving
the display with said  luminance values. 15. The method of Claim 10,
further comprising storing said luminance values.  25 16. The method of
Claim 10, further comprising transmitting said luminance  values. 17. The
method of Claim 10, wherein said data of said first format has one-half  as
many said three-color pixel elements horizontally and vertically as the
display of said  second format. 30 18. The method of Claim 10, wherein the
display is selected from the group  



comprising liquid crystal displays, subtractive displays, plasma panel
displays, EL displays, OLEDs, electrophoretic displays, field emitter
displays, discrete light emitting diode  displays, projectors, and cathode
ray tube displays. 19. A method of determining implied sample areas for
each data point of each  35 color in a source pixel data of a first format
for a display of a second format having a  plurality of three-color pixel
elements, comprising: 37 26 October 2005 WO 02/091349 PCT/US02/12610 5
determining a geometric center of each emitter of each said three-color
pixel element  of said first format to define sampling points; defining
each said implied sample area by lines that are formed equidistant between
said geometric center of said emitter of one said three-color pixel element
and said  geometric center of another same color said emitter of a
neighboring said three-color pixel  10 element; and forming a grid of said
lines. 20. The method of Claim 19, wherein said grid of said lines is
disposed in a tiling  pattern. 21. The method of Claim 20, wherein said
tiling pattern is selected from the  15 group comprising squares,
rectangles, triangles, hexagons, octagons, diamonds, staggered  squares,
staggered rectangles, staggered triangles, Penrose tiles, rhombuses,
distorted  rhombuses, and staggered diamonds. 22. A method of determining
resample areas for each data point of each color in a  source pixel data of
a first format for a display of a second format having a plurality of
three- 20 color pixel elements, comprising: determining a geometric center
of each emitter of each said three-color pixel  element; defining each said
resample area by lines that are formed equidistant between said  geometric
center of said emitter of one said three-color pixel element and said
geometric  25 center of another same color said emitter of a neighboring
said three-color pixel element; and forming a grid of said lines. 23. The
method of Claim 22, wherein said grid of said lines is disposed in a tiling
pattern. 



30 24. The method of Claim 23, wherein said tiling pattern is selected from
the  group comprising squares, rectangles, triangles, hexagons, octagons,
diamonds, staggered  squares, staggered rectangles, staggered triangles,
Penrose tiles, rhombuses, distorted  rhombuses, and staggered diamonds. 25.
A method of limiting filter kernel divisors in a filter kernel to a value
35 designed to simplify hardware implementations, comprising: calculating
areas for filter coefficients using floating point arithmetic; 38 26
October 2005 WO 02/091349 PCr/US02/12610 5dividing each said filter
coefficient by a total area of a rendering area to receive a first product;
multiplying said first product by a divisor to produce a filter sum;
completing a binary search to find a round off point for said filter sum;
and converting said filter sum to integers. 1026.The method of Claim 25,
wherein said divisor is 256. 27.The method of Claim 25, further comprising
using a coefficient in said filter kernel and adding a number to force said
filter sum to equal said divisor. 28. The method.of Claim 25, further
comprising using a coefficient in said filter kernel and subtracting a
number to force said filter sum to equal said divisor. 29. A method of
operating spatial sampling filters, comprising: 15detecting subpixel
rendered areas; turning on a first set of spatial sampling filters for said
subpixel rendered areas in response to said detecting subpixel rendered
areas; detecting non-subpixel rendered areas; and 20turning on a second set
of spatial sampling filters for said non-subpixel rendered areas in
response to said detecting non-subpixel rendered areas. 30. The method of
Claim 29, wherein said detecting subpixel rendered areas comprises Rx # Gx
and Rx_2 + Rx-, + Rx + Rx+, + Rx+2 W Gx., + Gx 1 + Gx + G,,+, + Gx+2,
wherein R is a value of red, G is a value of green, and x is a pixel
position in. a row of pixels. 2531. The method of Claim 29, wherein said
detecting subpixel rendered areas comprises R. # Gx and R.-1 + Rx + Rx+, +
R,2 ` G.-2+ Gx 1 + G. + G,12, wherein R is a value of red, G is a value of
green, and x is a pixel position in a row of pixels. 32. The method of
Claim 29, wherein said detecting subpixel rendered areas comprises R. # aGx
and Rx-2 + R._1 + R. + R.+, + RX+2 = a (G,,_2 + G,,., + G. + G.+1 + G"+2), 



30wherein R is a value. of red, G is a value of green, a is a constant, and
x is a pixel position in a row of pixels. 33. The method of Claim 29,
wherein said detecting subpixel rendered areas comprises Rx ~ aGx and Rx_,
+ Rx + R,t+, + k+2 m: a (G-2 + Gx_1 + Gx + G,,+,), wherein R is a value of
red, G is a value of green, a is a constant, and x is a pixel position in a
row of pixels. 3534. A machine readable medium tangibly embodying a set of
instructions executable by a machine for performing a method of converting
a source pixel data of a first 39 26 October 2005 WO 02/091349
PCT/US02/12610 5 format having a plurality of three-color pixel elements
for a display of a second format  having a plurality of three-color pixel
elements, said method comprising: determining implied sample areas in a
form of a data value for each data point of  each color in said source
pixel data of said first format; determining resample areas for each
emitter of each color in the display; 10 forming a set of fractions for
each said resample area whose denominators are a  function of said resample
area and whose numerators are said function of an area. of each of  said
implied sample areas that at least partially overlaps said resample areas;
multiplying said data value for each said implied sample area by its
respective said  fraction resulting in a product; and 15 adding each said
product together to obtain luminance values for each said resample  area.
35. The device of Claim 34, further comprising storing said set of
fractions of  said first format in display hardware. 36. , The device of
Claim 34, further comprising storing said set of fractions of  20 said
first format in display software. 37. The device of Claim 34, further
comprising storing said set of fractions of  said first format in display
firmware. 38. The device of Claim 34, further comprising driving the
display with said  luminance values. 25 39. The device of Claim 34, further
comprising storing said luminance values.  40. The device of Claim 34,
further comprising transmitting said luminance values. 41. The device of
Claim 34, wherein said data of said first format has one-half as  many said
three-color pixel elements horizontally and vertically as the display of
said second.  



30 format. 42. The device of Claim 34, wherein the display is selected from
the group  comprising liquid crystal displays, subtractive displays, OLEDs,
electrophoretic displays,  field emitter displays, discrete light emitting
diode displays, plasma panel displays, EL  displays, projectors, and
cathode ray tube displays. 35 40 


