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several 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. In other words, the
luminance channel 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 and
green receptor, the resolution of the luminance channel is several times higher than
the chromanance channels. Consequently, the blue receptor contribution to luminance
perception is negligible. The luminance channel thus acts as a spatial frequency signal
band pass filter. Its peak response is at 35 cycles per degree (cycles/®). It limits the
response at 0 cycles/° and at 50 cycles/® in the horizontal and vertical axis. This
means that the luminance channel can only tell the relative brightness between two
areas within the field of view. It cannot tell the absolute brightness. Further, if any
detail is finer than 50 cycles/°, it simply blends together. The limit in the horizontal
axis is slightly higher than the vertical axis. The limit in the diagon'al axes 1s

somewhat lower.
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these sine-wave-components in the two-dimensional image signal.

Color perception is influenced by a process called “assimilation” or the Von

Bezold color blending effect. This is what allows separate color pixels (also known as

sub-pixels or emitters) of a display to be perceived as a 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 p) on a display. Thus, if the blue pixel pitch is less than half

(625 p) of this blending pitch, the colors will blend without loss of picture quality.

This blending effect is directly related to the chromanance sub-channel resolution

limits described above. Below the resolution limit, one sees separate colors, above the

resolution limit, one sees the combined color.



3 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are
incorporated in, and constitute a part of this specification illustrate
vari ous iwploenenst@ati ons and enbodi nents di scl osed herei nPCFiU$02/89884A shows
an arrangenent of four-color pixel elenents in an array, in a single

pl ane, for a display device, having a repeat cell consisting of eight
sub-pi xels. Figure 1B shows an arrangement of three-color pixel elenents
in an array, in a single plane, for a display device, having a repeat cel
of consisting of eight sub-pixel gener s .%f. el g and defining four

ed [ € i n
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sub- pi xel s ofghiespecditatiyn diakteate varipuamaipbefentatings dnollemtaklirhérgs disglosed
sub-pixels of Figure 1 A as the sane color and reducing their w dths.
Figure 2 shd®&™ schematic of an electronic drive arrangenent for the
arrangenment of sgb;nixel QP(VQH i | . A and
3B illustrate thgti) e%g?ﬁs\ﬁgélgo ar:!ilﬂ%eglse oﬁéﬁ%&%@éﬁl%ﬁ%ﬁgtlnarnveggflén drive
met hods f or singld jamed fdzraydispahy ddivigel Bavingsa repedtivell aomsitine i nighofubepikels.

sub-pi xel s of Figure 1 _C and the drive arrangenent of Fi glure 2. Figures 4A,
4B, 4C, and 4D i [Figie 1 Biskows %W%‘E%P’é‘e‘%ﬁ%ﬁ%‘?r B! flements ¥haATERY: Hr das

separately i.d, 3 Y : b-pixel s of
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overlaid on the arrangenent of sub- pixels of Figure 1 Cto show their

rel ati ve poSHBEEPer Figure 5E illustrates two | ogical pixels displayed on

the arrangenent of_FI gyr C I 'Qq]f_ - pI erjng
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t he sub-pi xel rendering operation of the resanple areas of Fi Rure
generated by selecting and defining four of the eight sub-pixels of Figure 1A as the

same color and reducing their widths.

Figure 2 shows a schematic of an electronic drive arrangement for the
arrangement of sub-pixels shown in Figures 1A, 1B, and 1C.

Figures 3A and 3B illustrate the relative polarities of active matrix dot
inversion drive methods for a Liquid Crystal Display using the arrangement of color
sub-pixels of Figure 1C and the drive arrangement of Figure 2.

Figures 4A, 4B, 4C, and 4D illustrate a set of green, blue, and red resample
areas separately and overlaid, respectively, for the arrangement of sub-pixels of Figure
1C.

Figures 5A, 5B, 5C, and 5D illustrate the set of green, blue, and red resample
areas of Figures 4A, 4B, 4C, and 4D respectively, overlaid on the arrangement of sub-
pixels of Figure 1C to show their relative positions.

Figure 5E illustrates two logical pixels displayed on the arrangement of Figure
1C, resulting from the sub-pixel rendering operation of the resample areas of Figure
4D.

Figure 6A illustrates two logical pixels displayed on the arrangement of Figure
1C, resulting from the sub-pixel rendering operation of the resample areas of Figure

6D.



6D. WD 03/060870 PCT/ US02/ 39864 4 Figures 6B, 6C, and 6D illustrate a set
of blue and red resanple areas separately, and overlaid along wth the
green reswopBoc@reas illustrated in Figure 4A on arrangememusot/3seb- pi xel s
of Figure 1C, respectively. Figure 7Aillustrates the set of green, bl ue,
and red resanple areas of Figures 4A, 4B, and 4C respectively, overlaid
show their relative positions. Figure 7B illustrates the arrangement of
resanpl e areas of Figure 7A overlaid on the arrangenment of sub-pixels of
Figure 1 Cto show their relatiye positions, Fi gﬁlj({%afA and 8B show ot her
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subpixel grouping.
Figure 10 depicts a system incorporating sub-pixel rendering techniques
suitable to drive a panel made in accordance with the various embodiments described
herein.
Figures 11A and 11B depict two particular embodiments of flowcharts to
perform software and hardware sub-pixel rendering on a suitable display.
Figure 12 is one particular embodiment of an implementation of a display

made in accordance with several embodiments herein disclosed.

DETAILED DESCRIPTION

Reference will now be made in detail to implementations and embodiments of
the invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the drawings
to refer to the same or like parts.

Sub-Pixel Arrangements

Figure 1A shows an arrangement of sub-pixel emitters 100 having four color
emitters in groupings 110 that is shifted down every other column group by one sub-
pixel. This creates a larger rectilinearly repeating cell group 120 of eight sub-pixels.
This layout was introduced in the ‘094 application Also disclosed in the ‘094
application is the practice of setting a plurality of the sub-pixels within the repeat cell

to the same color point, an example of which is illustrated in Figure 1B, wherein four



This layout was introduced in the 094 application Al so disclosed in the
094 application is the practice of setting a plurality of the sub-pixels
wi t hi n t woroepemto cell to the sane color point, an exanplreTafsombuaseh i s
illustrated in Figure 1B, wherein four WO 03/060870 PCT/US02/39864 5 of
the emtters 106 in the eight emtter repeat cell group 120 are set to the
sane color. For exanple, these four emlters 106 may be set to be

| um nance adjusted (i.e. balanced) green in color. For exanple, the other
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second and fpealiduslEdibd163ed in tHe ‘094 appiidationces that the mgjority sub-pixels
could occupy the first and the third colums as well. In another
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second and fourth columns, it also suffices that the majority sub-pixels could occupy

the first and the third columns as well.

In another embodiment, the colors are assigned as red 104, blue 102, and non-
luminance balanced green 106. Since there are twice as many green 106 as there are
of the other two colors, red 104 and blue 102, the result is a pleasing white point when
all sub-pixels are illuminated fully.

In this or another color assignment embodiment, the sub-pixel aspect ratios
may be adjusted so that the display array 100 consists of square repeat cell groups 120.
This will put the majority color sub-pixel emitter 106 on a square grid. It will also put
the minority color sub-pixel emitters 102 and 104 on, or nearly on, an idealized
“checkerboard”. For an example of another color assignment embodiments, sub-
pixels 106 could be assigned the color red and sub-pixels 104 could be assigned the
color green in Figures 1B and 1C. Under this color assignment, the algorithms for
sub-pixel rendering discussed below would work similarly.

Not only may the green or the red sub-pixels occupy the majority colored sub-

pixels in octal grouping 120; but the blue sub-pixels may also occupy the majority



pi xel s 106 coul d be assigned the color red and sub-pi xels 104 could be
assigned the color green in Figures 1B and 1C. Under this col or

assi gnmerwo oBloensad gorithns for sub-pi xel rendering di scupsedsbrbses woul d
work simlarly. Not only may the green or the red sub-pixels occupy the
majority colored sub- pixels in octal grouping 120; but the bl ue sub-pixels
may al so occupy the majority WO 03/ 0608%0 PCT/ US02/ 39864 6 sub-pi xels.
Such an arrangenent was previously disclosed in ~738 provisional
application. Thus, all three colors - red, green, and_blue - may occupy the
majority sSW-PIXel Syelspr paangementvas RrevaBALY disclasedi tni GHpoyisional | e t he
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ot her regular or irregular shapes for the subpixels are possible and are
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groupi ng of col ored,subpixel s i.n the f Lon.herein [y that may be
addressabl e for ﬁ?éhéﬁgg%ié‘&“eéfﬂ‘s& painggﬁ’]#h%rf'agl?lf(ﬁaa?&%%qha %%subpi xel
shapes may YahsyantialfectanBulsEgRadhcd. NEsHILRBISI Upptdditdit theoth&Bhhme to Y t he
exact positions of the subpixels be varied under the scope of the present
i nventi on. PFabpixsiaasiatso pesybleand sk conten@lterbyithin the sdopt Pathegsesant subpi xel
groupi ng wherej.n e or bpth of .the jority stripes 106 ar.e offset

(el Bt vel y Tienlicdhe3ambR f pohdS of Rod el e rdSls Ml e ' & her
vertical of kgigfigel#iR pdbsible RAS flecSirati T anBMRREIVIE Nk Suffced Hify at Blere
groupi ngs are also possible. Figures 9A and 9B depict octal groupings
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may the exact positions of the subpixels be varied under the scope of the present

invention. For example, Figures 8A and 8B depict a similar octal subpixel grouping
wherein one or both of the majority stripes 106 are offset (relatively or otherwise)
from the other subpixels 102 and 104. Other vertical offsets are also possible.

Other embodiments of the octal groupings are also possible. Figures 9A and
9B depict octal groupings wherein the majority subpixels 106 are interspersed within
the checkerboard of subpixels 102 and 104. Other arrangements of majority subpixel
placement within such a checkerboard are also possible and are contemplated within
the scope of the present invention.

Figures 9A and 9B may have column electrodes that zig-zag across the
display. Column driver savings should be one third when compared to the RGB stripe
system with the same resolution and the number of subpixels are about two thirds of
the number of subpixels when compared to the RGB stripe system.

Yet other embodiments of the present invention are possible. For example, the
entire octal subpixel groupings may be rotated 90 degrees to reverse the roles of row |

and column driver connections to the grouping. Such a horizontal arrangement for



Figures 9A and 9B may have colum el ectrodes that zig-zag across the

di splay. Columm driver savings should be one third when conpared to the RGB
stripe swyetensosrd h t he sanme resol uti on and the nunber of pewhshxadsss ar e
about two thirds of the nunber of subpixels when conpared to the RGB
stripe system Yet other enbodi nents of the present invention are possible.
For exanple, the entire octal subpixel %roupi ngs maybe rotated 90 degrees
to reverse the roles of row and columm driver connections to the grouping.

Such a horizontal aryangenent for WO 03/060870Q. PCT/ USQ2/ 7 subpi xel s
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Figure 2 illustrates a schematic for a driver arrangement 200 for the

arrangement of color emitter sub-pixels in Figures 1A, 1B, and 1C. For convenience,

the example given has the same number of sub-pixels illustrated as Figure 1C. This

drive arrangement may be used for a number of display technologies, as the blocks

210 may represent one or several electrical components, which are not shown so as

not to obscure the embodiments. In particular, they may represent the capacitive

display cell element for passively addressed Liquid Crystal Display (LCD), or

ElectroLuminescent (EL) Display. They may represent the gaseous discharge element

in a Plasma Display Panel (PDP). They may represent the semiconductor diode

element of a passively addressed Inorganic Light Emitting Diode or an Organic Light

Emitting Diode Display. They may also represent the transistor, storage capacitor,

and capacitive cell element of an Active Matrix Liquid Crystal Display (AMLCD).

They may further represent the multi-transistor, storage capacitor, and light emitting

element of an Active Matrix Organic Light Emitting Diode Display (AMOLED). The

may also represent, in general, the color sub-pixel and its associated electronic

elements found in other known or yet to be developed display technologies.



in a Plasma Display Panel (PDP). They may represent the sem conductor diode
el enent of a passively addressed Inorganic Light Emtting D ode or an
Organi ¢ Lwoti/oe®@me tti ng D ode Di splay. They may al so repr @santsor/bumses

transi stor, storage capacitor, and capacitive cell elenment of an Active
Matrix Liquid Crystal Display (AMLCD). They may further represent the

mul ti-transistor, storage capacitor, and light enmitting elenment of an
Active Matrix Organic Light Emtting D ode D splay (AMOLED). The may al so

represent, in general, the color sub-pixel and its associ ated_el ectronic
el enents found iﬁh8@H§?t1deFet§%4W8b5énﬂ PR Wi 18 et foéé‘ﬁ ogi es.
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there may beegpdtific calor assignieacdepartadatipanyt dieclspbeird acrossothe parsed st goloent s,
particul arly any checkerboard across_the panel or color alternations
within a si AFeatensyrhin painglecohpn FerrgamplentiederdnianskHowA 11 the 23S as
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columm with two alternati ,an col or sub-pixels, only one color wll_ be
addr essed arombinatiens. | Thews] sAuesdnsential caloy qressiallysingfe Wathiiz ¢ eolusm witly| ¢

polarity ac . dJ [ ravi de . i zero net field
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di scl osed her ei nInvergot &hemébs, 3wilckiBg srasledivéal figldtpolditg a&bsthe dsphagwes 300

and 310, referred to as "Ix I" and "2x1", respectively, on Active Matrix
Li qui d COr ystapropides tirpe avesager zeto nghfield apflfion gstenbacipssahe eslheambe agpliethe

schene shown ..on Fiqure. 3 erform better sl ight.d mbal ances of
T ght -t ans i 8 abegds SRt BRI eiGe R B B0 e P RS
especi al |y whemdsReo an@ 31 réfeaékiotd ‘4R’ addkoM rédpestiven), d) cttivaBgREx MOVI Ng
across the screen. Each of the Figures shows the polarities during half of

t he di spl ay Léqidd Esystal displaysdleoth Phwhisdlvatliperfesn satisfactordy.s €le sahemetshewnt her
AREACH EHIET RV ST TR A
enbodi ment  gEtvikah odiBVEREd KRRV S8t dd SdsPeLiAlyeRhdreha B is Micking the

motion of displayed images moving across the screen. Each of the Figures shows the

polarities during half of the display addressing fields. The polarities are reversed for

the other half, alternating every field, resulting in a net zero current (zero DC bias), as

is well known in the art. |

Data Format Conversion

For one embodiment of data format conversion using area resampling
techniques, Figures 4A, 4B, and 4C illustrate green 406, blue 402, and red 404
resample area arrays for the green, blue, and red color planes, respectively. Note that
each color resample area array 406, 402, and 404 consists of resample areas 426, 422,
and 424 and that each resample area has an associated resample point 416, 412, and
414, respectively, associated with it. The resample points 416, 412, and 414 match
the relative positions of the green 106, blue 102, and red 104 sub-pixel locations
respectively, within each color plane; but not necessarily their exact inter-color-plane-
phase relationships. It should be appreciated that any number of phase relationships

are also possible.



techni ques, Figures 4A, 4B, and 4C illustrate green 406, blue 402, and red
404 resanple area arrays for the green, blue, and red col or pl anes,
respect i weby3/oédste t hat each col or resanple area array 4@671/U402398and 404
consists of resanple areas 426, 422, and 424 and that each resanple area
has an associ ated resanple point 416, 412, and 414, respectively,
associated with it. The resanple points %16, 412, and 414 match the

rel ative positions of the green 106, blue 102, and red 104 sub- pi xel

| ocations respective thin each colo gne; not . nec ly their
exact inter-colo l%r%ﬁ% lll‘&?&féoP%Pﬂf‘F@ﬁg‘Hieﬁy olrtplaélﬁ A rﬁ]?“ﬁ’ﬁ%‘l‘ gédat ed that
any number qh;38R&ENHF AldhPBSe anB e@foecd?alv&@t}{é%%ﬁv&ltl%nal\/}%ﬁ@@éxﬁ)@%ﬁo

PCT/ US02/ 39864 9 Figure 4D il tyrat es one particul ar

i nter-col or s@aaﬂgqumfonmwawhlohmoweﬁwlayed' Hore-toainal’ wothshe pyuaraqdreerbe

enpl oyed to nvert 1he conventional, .ful erg uar e .gr.i

ormat -whi oA0D Sty Bisterit SRMEgEAC dnchie Berelormite iee Stanng Phbnhe 106
sub-pi xel ggtéénqbs FBIQ%E@Z an&edumtrbgaﬁgﬂ@m a&gls%e RbdARaANARRitHoREAL | onshi p
400, the een 406 l ue 402, and red 404 resanple area arrays are
substanti aI kychpthsti the oxdedd 4 aﬂdcbruetéﬂatresahmlepxdntéb#ex&pdhbgwenﬂe sameplanpl e

poi nts overl ap the green 416 sanpl e ol nt's Is treats t green

sub- pi xel s POBSasThinierinthe mesen suh-pel ld)&aaftho‘{g? theydlpwar ianof, eEHERIE d
with, ther £ .54 Qll £ & g‘g@t; Fi gures 5A, 5B, and
5C i [ ust ratg%otéﬁgedg’lr;‘glé?k%g%w Qlu g g‘%\tglﬁ g{;&{? dr%lé%arrpl e area arrays of
Fi gures 4A, 4B, &ighresC A, had ﬂC@lrhlsitﬂa&thmgrepnn% bduer 402g eneretl 40400 of Fi gure

1 C respectively, with the_jnter-color C@I ane- phase rel ationship 400 of

Fi gure 4D. FSs3mple ases 3rays of Fighess 4 4B; srdAC ewsr dmﬁﬁéubmseém@g&meahsmp
400 of Fig e re 1 C
These Fi gur ggﬁgfggﬁ I fd qk&eﬁ”&%%&?ﬁ@%mﬁ%?%%l rve@%e(l)alﬂgg%}gé gb gﬁ

under st andi Fggueé 4Dh (Flg’ueé alt)ummiatep thehﬁtevueemr-tphﬁﬂphsarrpllaﬁomxmp%m of
reconstructlon poi nts, resanple areas, and sub-pixel locations for this

embodi nent . Figwee élacsvéﬂmépé ﬁlaq}%lécplxeéasr%ﬂf 1900 Figarei16n Hhese Fignes arhe
t hod d for th
i spay - 1 sty PREEYe dido PRI B8 SdWarde dthe FRUIARF,, 1 i ng

i npl i ed sanpkwvesti @srefadiplepsihtspiftonshatidn pdifits) resmiple grehd) a8e seopixel pi xel
data; (2) determ ni ng1 the resanple area for each col or
locations for this embodiment.

The above referenced ‘355 patent application describes the method used to
convert the incoming data format to that suitable for the display. In such a case, the
method proceeds as follows: (1) determining implied sample areas for each data point
of incoming three-color pixel data; (2) determining the resample area for each color
sub-pixel in the display; (3) forming a set of coefficients for each the resample area,
said coefficients comprising fractions whose denominators are a function of the
resample area and the numerators are a function of an area of each the implied sample
areas that may partially overlap said resample areas; (4) multiplying the incoming
pixel data for each implied sample area by the coefficient resulting in a product; (5)
adding each the product to obtain luminance values for each resample area.

Examining a “one-to-one” format conversion case for the resample operation
illustrated in Figure 4D and 5D, the green plane conversion is a unity filter. The red
and blue color planes use a 3 X 3 filter coefficient matrix, derived as explained in

detail in the ‘355 application:



sub-pixel in the display; (3) formng a set of coefficients for each the
resanple area, said coefficients conprising fractions whose denom nators
are a furwoioenemsfo t he resanple area and the nunerators areTarshusossdi on of
an area of each the inplied sanple areas that nay partially overlap said
resanple areas; (4) nmultiplying the incomng pixel data for each inplied
sampl e area by the coefficient resultind%% n a product; (5) adding each the
product to obtain lumnance values for each resanple area. Exam ning a
"one-to-one" forrat—eonversteon—easeqter—the—+esanple operation illustrated
in Figure 4D and 5D, Qhe ¢reen B}lgée co nvermn is aunity filter. The red

te

[

and bl ue col or |pl anes use|la 3 X 3 fill coeffiicient matrix, derived as
explained in detail @.m$he 359 |appl

10 0 0.125 0 Q.125 0.5 04125 0 0.125 O Figure SE illustrates the results
of turning on tmwe—fuH—eofor in“o...g tata els. The two pixels are
converted to two clusters]of sup Xlel s, %%Iled "l ogi cal pixels" 500,
turned on at vdrying anplitudes. Ong of the |ogical pixels is centered on
or near a red sub-pixel 104. The green sub-pixel 106 is set at 100%
illumnation. The red sub-pixel 104 is set to 50%illumnation, while the

four surroundi ng Iue set _to % each. T result is
a white dot visi 8Et' @trﬁ&ﬁg}?rgvlgts O?E‘gﬂWgPanBﬁl\]l\é r'tnﬁ%m’rn@ 204 and t he
green 106 s Bcew XIEHeStwo 19418 RbnvP@H ERtwPERIRErs 0P Heb-pixBls! @lled “Rd@fcal he green
sub- pi xel 6 set to 1 0% and the near by blue sub- |xe1 102 Set to 50%

with the f oprxeia’j r5|0©uuume|dg>nraédals(utg apipligudes.1 One géthedoglm Phoglsiacknte®dgnr es 6B

and 6C show an alte ive 602 and. red, 604. c J sanpl e area
rrays - onguAeRares NikEp D g abeehtbpaieh Py issel & 10BY lpiaBoRNEh fe
402 and redréc%bt;ﬁﬁamh%s@ertﬁas@mmmgﬁofwm%f&ﬁrmuﬁ@n hhsnget i vely.
Figure 6D illustrates an inter-color-plane-phase relati onshl p 610 using

t he green 4©&elsb]026ar6®e2to 12.6% gachl. Bhelresels srpWhitad@aisable &y the hEmgurege,6A shows
t he resultln cal pixel fromt t u r mat
pixel o usi n§eHEEA e g 581 oad g 0B pEiel “The e lpsic !
rel ationshi go§ }ﬂnfah‘i’/rﬂak ﬂ{éuéreéi?stuﬁ-ﬂi‘ketl H08set28 $0093 208 Bhe X6y blue sE-BRRI

102 set to 50% with the four surrounding red sub-pixels 104 set at 12.5% each.

Cat i@n25 VWO 03/ 060870 PCT/ US02/ 39864

Figures 6B and 6C show an alternative blue 602 and red 604 color plane
resample area arrays — shown herein as box filters ( [0.5 0.5] ) -- to replace the blue
402 and red 404 resample area arrays of Figures 4B and 4C, respectively. Figure 6D
illustrates an inter-color-plane-phase relationship 610 using the green 406, blue 602,
and red 604 resample area arrays. Figure 6A shows the resulting logical pixels 600
from turning on two input data format pixels using resample operation of the inter-
color-plane-phase relationship 610 from input data with a “one-to-one” pixel to green
sub-pixel 106 mapping. These logical pixels 600 may be in the same relative
positions as the two logical pixels 500 in Figure 5SE. Also, it may be possible to center
the green box filter to match substantially an input pixel by adjusting the grid slightly.

Adaptive filtering techniques can also be implemented with the pixel
arrangements disclosed herein, as further described below.

Again, the green resample uses a unitary filter. The red and blue color planes
use a very simple 1 X 2 coefficient filter: [0.5 0.5]

An adaptive filter, similar to that disclosed in the co-pending and commonly

assigned U.S. Patent Application No. 10/215,843 (“the ‘843 application”), entitled



sub- pi xel 106 mappi ng. These | ogical pixels 600 may be in the sanme relative
positions as the two | ogical pixels 500 in Figure 5E. Also, it may be

possi bl e woosmeiser the green box filter to match subst anticalusy2/aased nput

pi xel by adjusting the grid slightly. Adaptive filtering techni ques can

al so be inmplenented with the pixel arrangenents disclosed herein, as
further described bel ow. Again, the gredh resanple uses a unitary filter.
The red and blue color planes wuse a very sinple 1 X 2 coefficient filter:

andcormont yMIIBRAND ﬁémﬁé?ﬁﬁéyﬁé@ww@%%@&w%g
appl | cati On'gl, TERING P §fled¥ Rﬁ%ﬁ@@W@ZPW{CHWr MeddiChy> AND
SVSTEVS FOR: SR e LA R W A A LTErFel NCMTRY on August

8, 2002, whirefhrense, ke b yddpheiosope nat lsded;mreea h&mmpﬂ@dfenpnnahta whrchbxseaaajopt ed

so as not to .require a 3x3 sanple o ut dat a, es a m mum of
two |ines Ofnlwy?twq]gnqsggnqubih te‘Ha36 }éﬁsgmﬁl Fémaﬁ%frﬁﬁmeocf i nput

data, for e 4 dhergyr shrst o0 test
for wvertica o? wgo%?phﬁ)rﬁgg}g%ﬁ%c 9{1 %(?&gl d@blf1 gl%gata a j}acent to
the green t esiticploriliagomalyliee anhéog ét. reGand bine ddiajptljaventfto tHeegreenasdt pooutl d be

i npl emented as follows to test to see if a high contrast edge is detected:
conpare theMwdschanged (G to a nin value and a max value - if G< nmin or

G > max, then a rS%gér?%(ﬁagnV@hng thst c58 bE?mﬂrkgPl%ﬁ QWS fowsE 1@ 2k GFa Val ue

is set to 0; conpate regi ster val ues ree successive green data
points to h@ltcoﬁ&sétsedgenssleeaeﬂ anmpdlg ¢he grecledac(@do anﬁmd/ahecahéd rhden take
an appropriate action to the red and/or blue data - gama or
apply a newVeaegdf 6r< iy ey erma, ithangg registse Value isesst to }Flﬁ’éhef‘&SFmrﬁ&Sfteébl eis

illustrativ A 0. 05
0.0 Low Tedttipds H f ETRRBAER foait At e B MGSESRGodi Ul Sl 16 00
NOT hi gh Tr gsat fﬁraS!& tEErseteleﬁ edgdie deoéetwl i€ detbstyd thef Rale g appraprime aptisietoect ed
and there is an array of )
the red and/or blue data — e.g. apply gamma or apply a new value or different filter
coefficient.

The following table is illustrative of this embodiment:

Data (for 3 successive points | 0.98 | 0.05 | 0.0

Low Test (G <0.1) 0 1 1

High Test (G > 0.9) 1 0 0

Compare low and NOT high | True | True | True

For the example above, an edge has been detected and there is an array of
options and/or actions to take at this point. For example, the gamma correction could
be applied to the output of the box filter for red and/or blue; or a new fixed value
representing the output required to balance color could be used; or use a new SPR
filter.

The test for black lines, dots, edges and diagonal lines are similaf in this case,

since only three values are examined:

Register Value Binary no.




options and/or actions to take at this point. For exanple, the ganmma
correction could be applied to the output of the box filter for red and/or
bl ue; or womemsdsixed val ue representing the output requi Ped/uso2/bmbance
color could be used; or use a new SPR filter. The test for black |ines,
dots, edges and diagonal lines are simlar in this case, since only three
val ues are exam ned: Register Value Bind2y no. WO 03/ 060870 PCT/ US02/ 39864
12 1. 1015 2. 1106 3. 0113 1In the above table, the first row
coul d represent a-black pixel with white pixels on either side. The second
row coul d repregdnt anl edgel ®f a hil ack Iﬁne or dot. The third row could
represent an edge of |a black line|{in a different |ocation.|The binary

[«) (1))

nunbers are usedjas gn encodj ng Tpp thelgest. The test for|white |ines,
dots, edges, and di agonal Ilnes m ght be¢ as follows: Register value Binary
no. 4. 0102 (501011 —1B 04 f thetests—aretryie and the high

and | ow tests ané; fqd exanpl e, 2hd and|36 (out of 255) respectively, then
t he out put value for |these fedges Using tthe box filter mght be 128 +/- 4 -
or sone other suitable value. The pattern matching is to the binary

nunbers shown adjacent to the register values A sinple replacenent of 128

raised to an ap ate ower to th spl.ay. For
exanpl e, for nﬁ%qp&a‘bﬁv‘?tagfegg"a ftﬂﬂ‘f" ‘\9’5\ Eer?ngﬁbE‘ﬁk Pt g|1 f@%l’ﬁ%;%n
though the 'oﬂ%e . VRlesecdill row c%uld ﬂéﬁrteséi’i@at?g(gg% FAPIRELRbr 6t MhRe @ f i xed

val ue can be use thout noti ceabl e error. course, for nore precision,
a gama | ookhipd toabtml@mpkeieﬂm aoendigs of bblacisbuk 1n|atd1ﬁhmut bcigion. dihebecirat ed t hat

a different val ue, but possibly S|fg1 | ar, of correction could be used for
white and blnél:ﬂbe@d’ﬁeegse Ia§a§ﬁ6‘iﬂd&f‘8 kUit be appreciated that as a result

of detecting The test for white lines, dots, edges, and diagonal lines might be as follows:

Register value Binary no.
4. 0 1 0 2
5. 0 0 1 1
6 1 0 0 4

If the tests are true and the high and low tests are, for example, 240 and 16 (out
of 255) respectively, then the output value for these edges using the box filter might
be 128 +/- 4 — or some other suitable value. The pattern matching is to the binary
numbers shown adjacent to the register values. A simple replacement of 128 raised to
an appropriate gamma power could be output to the display. For example, for gamma
= 2.2, the output value is approximately 186. Even though the input may vary, this is
just an edge correction term so a fixed value can be used without noticeable error. Of
course, for more precision, a gamma lookup table could likewise be used. It should be
appreciated that a different value, but possibly similar, of correction could be used for
white and black edges. It should likewise be appreciated that as a result of detecting
an edge, the red and/or blue data could be acted on by a different set of filter
coefficients --- e.g. apply a [1 0] filter (i.e. unity filter) which would effectively turn

off sub pixel rendering for that pixel value.



an edge, the red and/or blue data could be acted on by a different set of
filter coefficients --- e.qg. apply a [10] filter (i.e. unity filter) which
woul d ef fwotosmelsyo t urn of f sub pixel rendering for that pcralSovsdsee. WO
03/ 060870 PCT/ US02/ 39864 13 The above tests were primarily for a green
test, followed by action on red and blue. Alternatively, the red and bl ue
can be tested separately and actions takén as needed. |If one desired to
only apply the correction for black and white edges, than all three col or
data sets can be tested and the result ANDed togFther. A further
sinplification cdilie@dbeye tesis@erpriminlyfy a greendgstyfollged by astiongnigd a8y are

tested for es 2 i I i i 1 and | ow
t hr eshol di ngﬂ%af& 1@1&1&%&%%@%@%%{ b%I t%é{f%&%aﬁa%é%d %d(sl]%qf tsakt e%gect ed,
then a new viaéded. I€end dishel wuply gply the checation dort Bleckoandgihiad edged, teancabiul d be
used. Yet another sinplification could be acconplished as follows

(i |1 ustr at edhrpegolor datp pets pandhe tesiedbandathe raspl ANAeditgeetheial ue, R ,, fromthe
red val ue i nmedi g g} t ft vl i t.er n a
pr edet er m ned nu%)f)glrr%-e}%g?ﬁ lgét%élxdg%@lbéelﬂ%ﬁ as f%lingﬁsqqghﬁgé‘glg%?xgﬁdetaeré%d. | f
an edge is dgiwRabethr cdpss, GRUltik Bsthdbid idtiertiar sievpiRUUeligloindleR! y  ganmma,
output the value R' to the display, or aE)OpI y new SPR filter coefficients;

ot herwi se, itiresholdingmay stil b @ecommplishagh Jat0 s [# 8bisdetectstl, therapey veluet er to
t he di spl ay. ei the or. R 1. | ar e absol ute val ue of the
del ta coul dcgéatbgﬁg%d?ﬂ%ger%lgé:%’esof” ll‘?a?‘(l:ea |ug(§6%%shepd occur for the blue;

but the green doesgtaRdthérasdplkificdien sl 86 acddmplidhatbdse®ilows (iblish@tedifor t he
split pixel in the grouping. Alternatively, a different action could be

taken for f&hdiedy sdbtrees thé red datr'valueRR,, from the rehvialng snmediatglyds the leg, RR' -

Ri _1 > 0 The r.esul are logjcal pixels. 600 that have only.three_ sub-pixels
each. For a."’vﬁ?qeeéei%tls %rﬁateggﬂaﬂapgedg%gnﬁegpwg?ro—rs etgr%?g)i%? %@Hg]teg, t he
green sub- pig¥elge sQRicdfel. $0in edl islAELeAS oREERUEsubIIRL\ERIWIYali & br sy as
wel | as the nearby blue 102, could be all set to 50% The resanpl e

oper at i on ofgamntagputpol the vpluaRe- tolbsdisplay, ar epply hey SEROfltar copffigignts; 6D i s very
sinpl e and i nexpensi.ve to . nplenent ile still providin od, inage
quality. BotOH‘eB‘plsFﬁgnﬁﬁégfelsgg?‘é{g&’ W}E’&W@ﬁs?f g}?pnr?é‘ttlﬂ ngwg;absﬁlatyhé[\%unan

eye by either R,, or R,.; may be larger, the absolute value of the delta could be tested. The

same simplification could occur for the blue; but the green does not need to be tested
or adjusted, if green is the split pixel in the grouping. Alternatively, a different action
could be taken for falling edges (i.e. R, - Ry <0) and rising edges (i.e. R, - Ry >0
).

The results are logical pixels 600 that have only three sub-pixels each. For a
white dot and using a box filter for red and blue data, the green sub-pixels 106 are set
to 100% as before. The nearby red 104, as well as the nearby blue 102, could be all
set to 50%. The resample operation of inter-color-plane-phase relationship 610 of
Figure 6D is very simple and inexpensive to implement, while still providing good
image quality.

Both of the above data format conversion methods match the human eye by
placing the center of logical pixels at the numerically superior green sub-pixels. The
green sub-pixels are each seen as the same brightness as the red sub-pixel, even
though half as wide. Each green sub-pixel 106 acts as though it were half the
brightness of the associated logical pixel at every location, while the rest of the

brightness is associated with the nearby red sub-pixel illuminated. Thus, the green



pl acing the center of |ogical pixels at the nunmerically superior green
sub- pi xel s. The green sub-pixels are each seen as the sane brightness as
the red swb-oposnslg even though half as w de. Each green ®aibbAlSIX#I86406 acts
as though it were half the brightness of the associated |ogical pixel at
every location, while the rest of the brightness is associated with the
nearby red sub-pixel illuminated. Thus, l#he green WD 03/ 060870

PCT/ US02/ 39864 14 serves to provide the bulk of the hi gh resol ution

| um nance nodul ati on, the red and bl e rOV|de Iomer resolutlon

col or nodul é?livsfhto I?i?ﬁ‘(léﬁfh’?d’“t“ﬁ%fe i ¢ g‘?ﬂ i gEnesmptyladen, yhile thered
alternati ve j i green 406,
bl ue 402, an reg pz(g\h&)ér@gﬁpp%gﬂgﬁggo%f@ggﬁgﬁﬂﬁture thg}hﬁ%gtepgand 4C. Note
that in this int@igeelarnlptans-aphitematie iater-ecobhpanéPhadeaslatibeshgpn@d

rel ati ve phase as the col or sub-pixel arrangenment 100 as_jillustrated in
Figure 7B. Usiggdhe graen 40 bluei4he; and reéh 494 tesypplepeca eyl Bigpes Afs4Bf this

|nter-color- e r the
inter- color-H ggéT@ §§§twg g?ﬁ%ﬁg BfB%%%Bh%?r&?ﬁnﬁﬁ&@@@?m%o or-glane phase
rel ationshi pelZﬁNZb ;warseamedorboﬁubt ﬂSlQef'ai!faﬁgélﬁermﬂe() asidlustratédimBigueom er si on,

the green would a?aln be a unitary filter, while the red and bl ue mould
use 3 X 2 cawite thef trrelptiva rhasssenttea resample peing afgbis mter oier-planerahase. 0625

ot 11 ci ant dUROrebiE AR TS oRE uth e Lo B ot el by S

i nter-col or gk ana maqgaﬁ@lemse M fvinship 6’@0 weirdhlls‘éd iférithe “6rlorong! aa- phase
rel ationship 700 shown in ure 7A is useful for scaling, both up and

down, of corommat p@m@lrswmrthpegre@mwauléég@n berangpeyilicesulis the refeanddduaf

cal cul ation of terccoefficients and keeping track of the input and
out put data%otwcigsrejéﬁkgcog ?ntlglltgrke %he ref erenced " 355 application.
However, according to another enbodi ment, while the red and bl ue col or

pl anes may be area resanpled, it may he advantageous to calculate the
filter coefficiehts fo9.0685 squar@(Xﬁﬁ<jcﬁ green sub-pixels 106 using a
novel inplenentation of a bil-cubic interpolation

0.375 0.375

0.0625 0.0625

Note that the two columns add up to 0.5 each, similar to the coefficients for
the red and blue resample filter operation for the inter-color-plane-phase relationship
610.

This inter-color-plane-phase relationship 700 shown in Figure 7A is useful for
scaling, both up and down, of conventional format data sets. The area resample
method of calculation of the filter coefficients and keeping track of the input and
output data buffers was described in the referenced ‘355 application. However,
according to another embodiment, while the red and blue color planes may be area
resampled, it may be advantageous to calculate the filter coefficients for the square
grid of green sub-pixels 106 using a novel implementation of a bi-cubic interpolation
algorithm for scaling up data sets while converting them to be displayed on the

arrangement of color sub-pixels 100 of Figure 1C.



algorithmfor scaling up data sets while converting themto be displayed on
the arrangenent of col or sub-pixels 100 of Figure 1C. WO 03/ 060870

PCT/ US02/\8088460816 Fi gure 10 depicts a system 1000 i n whi eaTaisd2/sysbay as
constructed in accordance with the various enbodi nents di sclosed herein is
driven by a sub-pixel rendering technigue 1004 which may be resident on a
physi cal device 1002. An input inmage ddfa stream 1008 may be input into

t he sub-pi xel rendering technique 1004 and converted in the manner herein

di scl osed. An output image data stream 1010 is.sent to the display device
1006 i m of der  t o Fiirg &0 dRRict &ryeem lﬁﬁ%lrbwﬁléhédeﬁ%mswamcw&ga t her eupon.

As di scussed .| -2l 1 [ ~nixel
renderi ng (%ﬁ%}dfﬁg}éﬁ{@&géeaﬁ%ﬁ%@d “g&?gn‘g é%ﬁ?g ﬁ{ﬁd&vgﬁ@fa%ﬁgﬁ(‘g?e and/ or
sof t war e or rendecindicchiiigoe 100dewkioh maydie restdempbea phjikal devioe tuiRs AODpucoul d

be resident as |logic (either hardware or softwar on the displa%gﬁ sel f

or it coul dmags ¢atd steramyl BIpy besinptintoghe gb-piKe g%@ﬂ%é?@@@?d@? 1A and

11B depict t i gul hay: ' el ' - pixel
render i ng. i SORARRll) ikl RACHRLREE AL BEOPimbleR SRl IR oy e
acconpl i shedo the disptayndeeicen 086 RCoder wtdiie thy RE®as sutgpikys te randgy iafagseans.

From there, the pre-rendered i mages coul d be downl oaded to a .
control | er/ itharewpoac Asghwrussed in seyietnh gefergnges incotnoratedhergiy, thesubipéisl ay. 1 n

Figure 11B, | . i fir i ff - for
exampl e, o ASCERTe ST SR 08 iy e el bR B RBUAES, LT 1
har dwar e nodufi®a@r ag¢omBRatibh terédfeFer extahiple; SPRAbtRIquek €00¢Rdd Bat a coul d
be sent ultimtely to the display via a controller/interface and a drive.

Of course, desidant pnlogise pshas hardsvere Mesodiviars) s Madisplpbliselberdt graddraside and
that Figur es ai‘éfa@i&%%n&%ﬁerrlﬁl e&ryboq%scri be two possible such
> 'FIEgure ShOW )

i npl ement ation one particul ar display enbodi nent for a

320x320 STN di sHigifes/sliAgnd NEB aefictiivs phrticEREAbwekdr eribodiingfits d&ebsiigr ei n.
Al t hough vari ous sub-pixel dinmensions are also disclosed in Figure 12, it

shoul d be appb-etichreadenngin software andihgetvarorespesviels. B Eiguspukliy, SERamay t hat
Figure 12 | mgroel . (1; ered fcoroni |IL¢.IS'[ [ '([31] ve . Bur poses }‘1 roa sin e
embodi ment . PR itEed ekl SRt Se PHESA o flr Brdinc ndim
exenpl ary  there, the pre-rendered images could be downloaded to a controller/interface and sent

along to a drive running the display. In Figure 11B, image data may be input from

many different sources — for example, a notebook PC with DVI output or a desktop

with DVI output — to a hardware module doing SPR. From there, the sub-pixel

rendered data could be sent ultimately to the display via a controller/interface and a

drive. Of course, other hardware and software implementations are possible and that

Figures 11A and 11B merely describe two possible such implementations.

Figure 12 shows one particular display embodiment for a 320x320 STN
display using the sub-pixel repeat cell as disclosed herein. Although various sub-pixel
dimensions are also disclosed in Figure 12, it should be appreciated that other
dimensions would also suffice and that Figure 12 is merely offered for illustrative
purposes for a single embodiment.

While the invention has been described with reference to exemplary
embodiments, it will be understood 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 material to the teachings without departing from the essential scope



enbodi nents, it will be understood that various changes nay be nade and

equi valents nmay be substituted for elenents thereof w thout departing from
t he scopewofosbms70 i nvention. I n addition, many nodificati ea3/usay3dse+ made to
adapt a particular situation or material to the teachings w thout
departing fromthe essential scope WO 03/060870 PCT/US02/ 39864 16 thereof.
For exanpl e, sonme of the enbodi nents abd%e may be inplenented in other

di spl ay technol ogi es such as Organic Light Emtting D ode (CLED)

El ectroLunenscent (EL), Electrophoretic, Active Matrix Ljquid Crystal

Di spl ay (A@Leeﬁsr?-, Fhsgmple, GiF P i °§H%ﬁ%%b£|ve 2 e dgpp Aioptegym Sther

| ncandescent; | d i LR e iRe ®i &@??DE asma Di spl ay Panel
(PDP), and P}Spg‘gst%:égﬁtéﬁg%ﬁg}dgf%%gmt éfhs F{r?tlegg)eld t hat Iﬁﬁe i nvention not be
limted to Ehetpbomendcb@rERybBidcthaphibretics Atthadatrixslitjind Cresthl Display

contenpl ated for _carrying out this jnvention, but%ﬁ?at the invention wll

i ncl ude al | (AMISIPBATSE eMptrix ddauid Crystal i lay(SMLEP)-neandgseraslidstale ms. WO
03/ 060870 P 2 i C PRY lity of
2 sube i xel s ERatiigEade dorh Habs pleoldy SBPEDe)AIIHELCER, TRl

sub- pi xel s; itibhat@idad gag thesaveahtion hophedéhitedstoahe paticdar émisddimentatisciased pi xel

a second col or sub-pixel and a third col or sub-pixel; wherein said

sub- pi xel gpdihs beshpeds coptsmplated for camying gut thisdayantign, buh thet thedryentieg) or | t wo

D- pi xel grolis pis HHErBtenes) or
ey oi -t ur (PRG3R0 LB ol TR B e Bon QA b U D1 Ve < of

said third color formsubstantially a checkerboard pattern. 2. The displ ay
as recited in Caiml wherein said first color conprises a green color and
each said second color and said third color conprises one of a red color
and a blue color, respectively. 3. The display as recited in Caiml
wherein said first color conprises a red color and each said second col or
and said third color is one of a green color and a blue color,
respectively.



4. The display as recited in Caim1 wherein said sub-pixels of said first
color conprises a snmaller area than said sub-pixels of said second col or
and sai d waios/deosaol or. 5. The display as recited in d ai npCTwiser/®seai d
sub- pi xel group further conprises substantially two rows and four col unms
of sub-pixels; and wherein further a first set of two non-adjacent col ums
conprise four sub- pixels of said first 1édolor and a second set of two

non- adj acent colums conprise two sub-pixels of said second col or and two
sub-pi xel s of said third color. 6. The disp|lay as recited in Claimb5
wherein said two non-adjacent col um'ékéﬁéfi sing four sub-pixels of said
first color are qgffsety ¥ i : i - ad) nt 3 S
conprise two sub?bi erAseﬁgl?lE%gﬁﬁlgsel%%ﬁg'u?zagitggf%%\% }%1&%‘1 ggu %gl:afg g)lu%)b;wsai d

t hi rd col or grolip flittkRerdiosiplising@ight eub-predisi n Cl ai m 1 wherein sai d sub-pi xel s
of said first color are interspersed said substantially fornmed

checker board pat MéicreiBfack saLdsubpneel i oneofjadirgtcoly qu-gxsh asssernsfolet hi r d

color. WO Og(l%?g(%i fgﬁ{rg%gﬁfrégrﬁgﬂ(el'w 8. The display as recited in Caim1l
spla

wherei n sai y I's an activ matrix liquid crystal display. 9. The

di spl ay as recit etherdin Sdidsub-ixehg@oep furthat coriprises fyur apphixess of saidtfirsti nver si on
schenme for driving the_ sub-pixels in each sub-pixel group. 10. The displ ay
as recited icAlog taPrkib-pitels ofisaidsarendareloriand ve pehpixelihgaid ghird gqlog ot
inversion. 11. T | S Rl Cl. Q.. j i E ' Lnyersion
schene is 2x | oeg%n?\ver sf%?lc.l Elﬁoéblg(?%Ogg%%‘g%og?/?OI\QQ?I{&F%?%%Ea@x%g%%?éi ng a
plurality ofhiad &16rfoiehbsgandiafly a cRédkerbsid-patts@l group further conpri sing

ei ght sub-pi xel s; wherei n each said sub-pixel is one of a first color

sub- pi xel , a sec@nd cdhedisplay-asrscated dhlazmlpyhegeip spig firstgelgice@prisesgher ei n
sai d sub- pi r Iy ri - R id figst color,
two sub- pi iég%eg 8&925(? gz[ctggglg nsggdtygl 68?0%31%%9%{\[}\6@;83%0?%@ e sn%%% glgeal § IJte ird

col or; wher eblr bid & BRE colbi rdspiebivddy.xel s of said second color and said

sub-pi xel s of said third color form ) o )

3 The display as recited in Claim 1 wherein said first color comprises a
red color and each said second color and said third color is one of a green color and a
blue color, respectively.

4, The display as recited in Claim 1 wherein said sub-pixels of said first
color comprises a smaller area than said sub-pixels of said second color and said third
color.

5. The display as recited in Claim 1 where said sub-pixel group further
comprises substantially two rows and four columns of sub-pixels; and

wherein further a first set of two non-adjacent columns comprise four sub-
pixels of said first color and a second set of two non-adjacent columns comprise two
sub-pixels of said second color and two sub-pixels of said third color.

6. The display as recited in Claim 5 wherein said two non-adjacent
columns comprising four sub-pixels of said first color are offset vertically from said
two non-adjacent columns comprise two sub-pixels of said second color and two sub-
pixels of said third color.

7. The display as recited in Claim 1 wherein said sub-pixels of said first
color are interspersed said substantially formed checkerboard pattem of sub-pixels of

said second color and said third color.



substantially a checkerboard pattern; a nmethod of converting a source pixel
data of a first format for rendering onto said display conprising:

det er m niwg oBopisred sanpl e areas for each data point of i RconiSny39864
three-color pixel data; determining the resanple area for each col or
sub-pixel in the display; formng a set of coefficients for each the
resanpl e area, said coefficients conpril8ing fractions whose denoninators
are a function of the resanple area and the nunerators are a function of

an area of each the inplied sanple areas.that may .partially overlap said
resanpl e areas; RBulti %9#&@1%’ HérquE‘g}ﬂ ﬁé‘%ilwerﬁéﬁﬁggb?laé(éﬁﬁn P ed sanpl e
area by the Bl ting in a product; and addi ng each the
product to %ﬁﬁ’?ﬁ5+1§ﬁ,ﬁ§%}]§§§fég-| ues for each resanple area. 13. The nethod
as recited in C & m 1Thekdapriyas exeited in Qlairg Stwiereia saiddisplayaapphesf addther

conprises: determning a phase relationship between the resanple area for
each col or HIsiqn sehpme gy dsyjinpshe FeP-pstisusgachsybgaxel g9up4. The net hods as

recited in daimd3 “V%E%isgla ak %c%(ﬁ].{ﬂﬂ'@]raﬁn @ll’@'?eﬁein ’éﬁg%{ 1??1%113108 B ORT
conprises: positioning resanple points for each said color resanple areas
such that thel deeiaagmiog. poi nts for said second color and said third col or
substantially overlay the resanple points for said first color. 15, The
met hod as recitedlin” @hadispley agsrsited m Glaima Srwhesein sy gpt inyergioasghenags  sai d
second and EQiﬁgtﬁﬁég%ﬁ are red and bl ue respectively; wherein said green
col or plane“Conversion conprises a unity filter and the red and blue color
pl ane use a 3x3 fip] t eln & aBplai CdabidispiBy Edntpriskits a plaealitedbhadubpixecbgioupd in
Cl ai m 15 wherein said green color plane conprises a unit \1/‘ filter centered
to match subdidane-piel groun firsu eorpprieng pighbauprivglyigvhesqin cadh saidesubupizel
respect to t1shoeneso a'fPr'stXc%llor%{lﬂ)-gixel, a second color sub-pixel and a third color sub-pixel;
wherein said sub-pixel group further comprises four sub-pixels of said first color, two
sub-pixels of said second color and two sub-pixels of said third color; wherein further
said sub-pixels of said second color and said sub-pixels of said third color form
substantially a checkerboard pattem;
a method of converting a source pixel data of a first format for rendering onto
said display comprising:
determining implied sample areas for each data point of incoming three-color
pixel data;
determining the resample area for each color sub-pixel in the display;
forming a set of coefficients for each the resample area, said coefficients
comprising fractions whose denominators are a function of the resample area and the
numerators are a function of an area of each the implied sample areas that may
partially overlap said resample areas;
multiplying the incoming pixel data for each implied sample area by the
coefficient resulting in a product; and
adding each the product to obtain luminance values for each resample area.
13.  The method as recited in Claim 12 wherein determining the resample
area further comprises:

determining a phase relationship between the resample area for each color sub-

pixel.



17. In a display, said display conprising a plurality of a sub-pixel group;
sai d sub-pi xel group further conprising eight sub-pixels; wherein each said
sub- pi xelwoios/oeiseo of a first col or sub-pixel, a second colrer/tsab3gsskel and
a third color sub-pixel; wherein said sub-pixel group further conprises
four sub-pixels of said first color, two_sub-pixels of said second col or
and two sub-pixels of said third col or; 1&herein further said sub- pi xel s of
sai d second col or and said sub-pixels of said third color form

substantially a checkerboard pattern;.a ethod. of .convertin source pi xel

data of a first ﬁgr rraﬁthS}eﬂF%lﬁ&éF‘?CH&d Bhgg}?mggi‘”&‘efﬁl% ?tEWIEW%rH%?F%g:

inputting a g&foR ipctﬁ{gﬂércioﬂﬁgﬁesqat a;, testing the input data for a plurality
and 't

of conditions; aki ng appropriate actions in response to the outcone of
sai d testing of tpbsitioningusamhpiegoirits forEach sapt tndor msammpe nteesisuch tiitdhen 17

wherein said set_ of color jmage ,input data c rises a.sanple of a 1x3
matrix of | KEaMPIRoNts foF sarfieCond goder and S?lggli“f‘g@?rrﬁ té?tfﬁshg’?“’\‘iﬁ@fé‘ian sai d
set of color_.J ] rises a sanple of a | x2 matrix of input
data. 20. T %éaﬂn@%ﬁz)oéﬁtggéﬁsaé@?ft&%d&?é\mﬂ aim17 wherein testing the input data
for a plurality16f cdhdimetiosasfreciteden Ceammpl2i elesein \ WdFR 40008 1©green, and

PCT/ US02/ 39864 20 testi_gj'gﬁfor the detection of a high contrast feature in
the input d&td second and thipdgalery argred apd bUg I$SRECHVEIY 20 wherein sai d hi gh

contrast feature w}ﬁgegwg#ﬁg&eﬂteﬁlggf)laﬁe 86RERo %%rﬂ)&gésoé@rilwghﬁ ' aniH I%Ei edge,

a line, and a dot. me as recite alm erel n taking
appropri at e aAd biverslor prant aspopsEfilter dobffictunt aatrix. of sai d testing of the

i nput data further conprises: substitute a new col or data val ue for the
current col or datlf valliie meshod asgeciiedim Gdpimsl Svehsreig gaid gresngolar plangher ei n

C aki . . . . et ¢
the | mpot " dapnPRi A Hlir ke FRARMRE bt i ERITRRL, BB D, ©
col or data iddeti®ith2dspedhe thiesubgrixedgrieci ted in Caim 17 wherein taking

appropriate act] ?gs In a display, said display comprising a plurality of a sub-pixel group;
said sub-pixel group further comprising eight sub-pixels; wherein each said sub-pixel
is one of a first color sub-pixel, a second color sub-pixel and a third color sub-pixel;
wherein said sub-pixel group further comprises four sub-pixels of said first color, two
sub-pixels of said second color and two sub-pixels of said third color; wherein further
said sub-pixels of said second color and said sub-pixels of said third color form
substantially a checkerboard pattern;

a method of converting a source pixel data of a first format for rendering onto
said display comprising:

inputting a set of color image data;

testing the input data for a plurality of conditions; and

taking appropriate actions in response to the outcome of said testing of the
input data.

18.  The method as recited in Claim 17 wherein said set of color image
input data comprises a sample of a 1x3 matrix of input data.

19.  The method as recited in Claim 17 wherein said set of color image
input data comprises a sample of a 1x2 matrix of input data.

20.  The method as recited in Claim 17 wherein testing the input data for a

plurality of conditions further comprises:



in response to the outcome of said testing of the input data further
conprises: apply new sub-pixel rendering filter coefficients to the input
data. 25woA3Rymsrem conpri sing: a display, said display ceaprise2/sagea
plurality of a sub-pixel group; said sub- pixel group further conprising

ei ght sub-pixels; wherein each said sub-pixel is one of a first color
sub- pi xel , a second col or sub-pixel and2& third col or sub-pixel; wherein
sai d sub-pixel group further conprises four sub- pixels of said first color,
two sub- pixels of said second color. and two pi xel.s of said third

col or; wherein f (fstingfordhg dptection Oﬁﬁwhsco&?ra%é?a&“%é‘b@ﬁdn%ldéﬁa and said
sub-pi xel s of Sa ‘i' thigd 6 g{o(arasfr%{erh E%%t\ial?éréﬁ{ sggﬁ%]&%iﬁa%ﬁm%at tern;

and neans for p| xel ‘renderin I mage e system as

recited in a)mbﬁse%nm/oeagrdnps@uddgmsaﬁmmfmmgubadgeehlmes endardong i nput data
further conprises: neans for inputting a set of color imge data; neans for
testing the inpu22dat é[hFWt@%sﬁﬁ%ﬂeﬂﬂwc&lmdﬂﬁmqr?lé%lngaﬁﬂi’r%b@#saq“@ﬂstakl ng

appr opr | at e; rg%tsf)olrﬁg td fhelohRBRITE 5518 té §ﬁ$ %I%%B%t %ta rtc&%gg% SOf the

i nput dat a. ystem as T éecl te er ein et of color

i mage input dat @um&né b 86w calos dahvelueffottht sarémoloxdath vilnput data. 28. The
systemas recited in C aim?26 wherein said set of color image input data

conpri ses a sanpi8. of Themethadeasresitedfin Cimmtlhﬂneaemwlsnmaammme actions
PCT/ US02/ 39864 z%eggghe-ég oSS ?stlﬁgﬁf{h%qrcl#d? dga 1%6%@0% l n said means

for testlnglrfﬁeSpor}n u afor a con t'ions her

conprises: means af)ﬂlyghﬂﬁiddbﬁeétm’ntbhﬁed&feﬁﬁédl@ﬂ”da@dvaﬂué]l gh contrast feature
in the input data. 30. The systemas recited in Caim29 wherein said high

contrast feature24conghe @@éthr?é refited iy fcdpip, 1 7svehetei taking anprenTial agioam edge,
e 1 200 B e A PSSR g B AT g 1 e T
the input data fuppip@ew sappplcl f@ddering filter coefﬁc1ents to the input data.
25. A system comprising:
a display, said display comprising a plurality of a sub-pixel group; said sub-
pixel group further comprising eight sub-pixels; wherein each said sub-pixel is one of
a first color sub-pixel, a second color sub-pixel and a third color sub-pixel; wherein
said sub-pixel group further comprises four sub-pixels of said first color, two sub-
pixels of said second color and two sub-pixels of said third color; wherein further said
sub-pixels of said second color and said sub-pixels of said third color form
substantially a checkerboard pattern; and
means for subpixel rendering input image data.
26.  The system as recited in Claim 25 wherein said means for subpixel
rendering input data further comprises:
means for inputting a set of color image data;
means for testing the input data for a plurality of conditions; and
means for taking appropriate actions in response to the outcome of said testing
of the input data.
27.  The system as recited in Claim 26 wherein said set of color image input
data comprises a sample of a 1x3 matrix of input data.

28.  The system as recited in Claim 26 wherein said set of color image input

data comprises a sample of a 1x2 matrix of input data.



means for substituting a new color data value for the current color data
value. 32. The systemas recited in Caim26 wherein neans for taking
appropri ave oaoéisans i n response to the outconme of said teecrngonsssshe i nput
data further conprises: neans for applying gama correction to the current
color data value. 33. The systemas recited in Caim26 wherein neans for
taking appropriate actions in response2to the outcome of said testing of
the input data further conprises: neans for applying new sub- pi xel

rendering filter coeffjcients to the input,  data. 34, The system as recited
in Claim25 wher §§n s%#asxﬁ%%ss Teﬁfe‘g\ﬁ‘_tfag%i% Wﬁ@%ﬂbﬁ%ﬁ‘eﬁrﬁp@{ te§IRSIOE yr ¢ her
conpri ses:  {EaRgat 9%r AbANTY SF d8ditiBRY fuffleS@fPiRedr €as for each data point
of incom ng ‘"three-color pi'xel data; neans r determ ning the resanple

area for each cohmansioptgtingforitie ddiectiodios phigh;conmeast feabwore id therimpugy dataset  of

coefficients for each_the resanple area,. said coeffjcients conprising
fracti.ons whose é@non‘iﬁiﬁﬁlﬁﬁteén at @C%{e‘fﬁr@f"inb%9éy ereesaGRighspatrash faire ng t he

nuner at or s ?&ﬁgﬁsefs%ﬂ%wgraﬁ}, il oﬁﬁ‘c&%gﬁ&ﬁ%%ﬁ &g‘gei {Jﬁhé,%ﬁd E%IGP! e areas that
may partially overlap sa esanpl e ar eas; ans for nultiplying the
i ncom ng pi xel data f dheeptdin anEcitedingGaiph 26 avhe@irbyeartsifer akeff | ci ent
resulting in a product; and WO 03/060870 PCT/ UEOZ/BQSEALQ .22 meagi for
addi ng each PINEPEH?!E Aghans i respRnsE o thsoricamest salf tesiing g the dppyt dataduiibite ar ea.
35. The systcgrg){)%esr ecited in Caim34 wherein neans for determning the
resanpl e area turther conprises: nmeans for determ ning a phase relationship
bet ween t he resamags fof edbstiatingaatew cidralataswahrepiox the.cudbnt cbhe dayastabire. as
recited in Claim35 wherein nmeans_for determning a i
32 The system as recited in Claim 26 wherein means for taking
appropriate actions in response to the outcome of said testing of the input data further
comprises:
means for applying gamma correction to the current color data value.
33.  The system as recited in Claim 26 wherein means for taking
appropriate actions in response to the outcome of said testing of the input data further
comprises:
means for applying new sub-pixel rendering filter coefficients to the input
data.
34.  The system as recited in Claim 25 wherein said means for subpixel
rendering input data further comprises:
means for determining implied sample areas for each data point of incoming
three-color pixel data;
means for determining the resample area for each color sub-pixel in the
display;
means for forming a set of coefficients for each the resample area, said
coefficients comprising fractions whose denominators are a function of the resample
area and the numerators are a function of an area of each the implied sample areas that
may partially overlap said resample areas;

means for multiplying the incoming pixel data for each implied sample area by

the coefficient resulting in a product; and



phase rel ationship further conprises: nmeans for positioning resanple points
for each said color resanple areas such that the resanple points for said
second coworo3ass7sai d third col or substantially overlay Prhg/useysasy e
points for said first color. 37. The systemas recited in Caim34 wherein
said first color is green, and said second and third colors are red and

bl ue respectively; wherein said green céfor plane conversion conprises a
unity filter and the red and que col or plane use a 3x3 filter coefficient

Bhane. compri ses Ao pIdinE Fash B ety A R PEASSELISE AP an | nput
pi xel by adk&ﬁﬁ$ﬂgﬂégid filter wwth respect to the sub- plxel grid.
35.  The system as recited in Claim 34 wherein means for determining the
resample area further comprises:
means for determining a phase relationship between the resample area for each
color sub-pixel.
36.  The system as recited in Claim 35 wherein means for determining a
phase relationship further comprises:
means for positioning resample points for each said color resample areas such
that the resample points for said second color and said third color substantially overlay
the resample points for said first color.
37.  The system as recited in Claim 34 wherein said first color is green, and
said second and third colors are red and blue respectively;
wherein said green color plane conversion comprises a unity filter and the red
and blue color plane use a 3x3 filter coefficient matrix.
38.  The system as recited in Claim 37 wherein said green color plane
comprises a unity filter centered to match substantially an input pixel by adjusting said

filter with respect to the sub-pixel grid.



