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the di agor]ﬁ"se\@fﬁspeiré“eptual 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 workds, 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 resolution
band pass filter. Its peak response is at 35 cycles per degree (cycles/°). It limits the
response at O 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 diagonal axes is

significantly lower.



significantly | ower. WD 03/060869 PCT/US02/39857 [004] The chromanance
channel is further subdivided into two sub-channels, to allow us to see
full col owo 03lemsed channel s are quite different fromthe | ecirnsnrassthannel ,
acting as low pass filters. One can always tell what col or an object is, no
matter how big it is in our field of view The red/green chromanance
sub-channel resolution limt is at 8 cycles/, while the yell ow bl ue
chromanance sub-channel resolution |imt is at 4 cycles/. Thus, the error
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[006] 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 pixél pitch is less than half
(625 ) 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.

BRIEF DESCRIPTION OF THE DRAWINGS




BRI EF DESCRI PTI ON OF THE DRAWNGS 2 WD 03/ 060869 PCT/ US02/ 39857 [007] The
acconpanyi ng drawi ngs, which are incorporated in, and constitute a part of
t his specwbiosatisen il |l ustrate various inplenentations andPemusdl/sesat s.

[008] Figure 1 shows an arrangenent of sub-pixel emtters conprising threes
colors - red, green, and blue -- in groupings that create a | arger
rectilinearly repeating cell group of eight sub-pixels wherein the bl ue
sub-pi xels are "split". [009] Figures 2, 3 and 4 illustrate one enbodi nent
of red, green, [@0d]bTheacdonapaiyihedansagsavhichard drcotpoeatedih, agt eadstiane bl ue
col or pI anes respectlvel to _match the _sub-pixel arrangenent of Figure 1.
[010] Fi guireast ‘é‘?ﬁﬁpﬁ‘:lﬁpﬁtwl}l‘&ﬁ@t@cY?é‘loiléﬂn%lﬁ@e’gﬁa@‘éfﬁ mdsapodBneiea arrays of'

respecti very. (00 Eot Bt Rl o WPRAE FityethcoioBlind dires

i nt er - col aioidk anedpfress ah&'bﬁiel~0ﬁ§%tbﬁp1n§§ﬂié@@ﬁat%Qﬂaﬁg@ﬂre@ﬁﬁn&ﬂ?@é})é‘aﬁh%
resanpl e areas overl ai d on the su pi xel arrangenent of Figure 1 012]

Fi gures 8Nearﬂ0@80f¢lghi§ﬂb@ﬂ?@1&‘mer9m§b¢blluéS%‘l:h@l‘?ﬁta‘f% sspli: a dri ver

arrangenent for rran nt r emtt els in ure 1.
[013] Figures EE %@ %e?qi%e S Ai)él%"fsga 0&@81?\ ?;Erg gre%nqﬂgln known
as "2x1" agshm d}-ms hrea drR§P Esitthe/RUYgreen ﬁﬁ&mlab @QloFbBtHé@re%cﬁvély"?@ﬁﬁEdthhe[ 014]
Figures 11 and 13 depict alternative blue color plane resanple area arrays

to repl aceSUbi‘mX@irﬂéraQE@thﬁFEil@J}e 4, [015] Fi gures 12 and 14 show how t he

respective bl ue o of, Figures 11 and 13 woul d map
onto the sub-pi B?gﬁ gﬂ;ﬁ agmgﬁo‘%ﬁmfaﬁe eaI? gre? i%v]anwiegaxpgsarrfgs é’k:d 16
show two "Eighrel NVRAH S PRrlaRICASHE Sub= 1x610m£9gérﬂem mpgﬁr@ﬁresgééwe d "lx1",
respectively -- matching Figure 8B s schematic 17] Figure 17 illustrates
the results of [Oddhi Higueen?7 tilbestrhigs Ioncqalaﬁrcuilanaom-nglorﬂhtnappasceqehtiopﬂﬁﬁ] '

Fi 1 A d th nbod t f.t I
ar angerer e TPON IS 37T BLEdet (St A PasREHIad s T B0 oty Fipeement

of Flgure 1.

[012] Figures 8A and 8B illustrate two possible schematics for a driver
arrangement for the arrangement of color emitter sub-pixels in Figure 1.

[013] Figures 9 and 10 show two “dot inversion” schemes -- commonly
known as “2x1” and “1x1”, respectively -- matching Figure 8 A’s schematic.

[014] Figures 11 and 13 depict alternative blue color plane resample area
arrays to replace the one shown in Figure 4.

[015] Figures 12 and 14 show how the respective blue color plane resample
areas of Figures 11 and 13 would map onto the sub-pixel layout as shown in Figure 1.

[016] Figures 15 and 16 show two “dot inversion” schemes -- commonly
known as “2x1” and “1x1”, respectively -- matching Figure 8B’s schematic.

[017] Figure 17 illustrates the results of turning on two full color incoming
data pixels.

[018] Figures 18A and 18B show other embodiments of the octal subpixel

arrangement with various vertical displacements of the subpixels.



3 WD 03/060869 PCT/US02/ 39857 [019] Figures 19A and 19B show yet ot her
enbodi nents of the octal subpixel arrangenent of various displacenents of

t he splitwoapo6issy subpi xel within the subpixel groupi ngPCrOR0}/38sgure 20
depicts a systemincorporating sub-pixel rendering techniques suitable to
drive a panel made in accordance with the various enbodi mrents descri bed
herein. DETAI LED DESCRI PTI ON [ 021] Reference will now be nade in detail to
various inplenentations and enbodi ments, exanples of which are illustrated
in the acconpanyigg ﬂ?@e&m anN BB VB WP 9&iS bille , enttiRlirhante Jfefier ectae
nunbers w || be used Throughout the drawings to refer to the sane or Iike
parts. [O2@ppixal Hrangemett of waridve dasplasemyentsof thy splifumipsiel subpixet within 00,
there are three-color. emtters in groupings 120 that create a | arger
rectilinedhfyu HIWYP&ell group of eight sub-pixels. This layout was
introduced in t BwAC I %t cd Plnc6mbtineanrdbpiel ugpde ei n by
ref erence. Goﬁ?%%h%%l%cgzr%r%&%é ?ﬂgéyssbeg?pi xelf%? 154, ngpeen sup-ﬂg?%(el s 106
and bl ue siethridquesissitdd@to didvermpanblemadedn actsirdancs whithghg sigous pobodineents p| j t
i.e. having a_smaller wdth along the horizontal axis than either red or
green sub- seihed hstRindoubl ed i n nunber per grouping or repeat cell. Such a

“split" sub-pixel can refer gpr ot PRMHRY a smaller area than a
non-split sub- pixel.Splitti n’g‘t‘%le@éﬁl]'e;s%‘m'_r xelr's hel ps in breaking up the
noti ceabl e ef f egh1Pf R¥fefinbd @il BH! heChddinudetsit td patoud diplcntvatationphay, as
further discussed 1n U S. Patent Application _No. 10/278,328 ("the "328

appl i cat i oetihodimnntst examples/PROVENVENTS ittotratsd oR thg ATcquapgnyng| GpPALLS-

SUB- Pl XEL RANGEME ND LAYQUTS W TH RENIGE .
VI SI BI LI TY*ReFGVPRRPSS e’&e{ S.WC%%E }““’ing‘éljgr por a%g&t@&%&@@g@%g%] As
may addi ti@nafek Yo he s&8e0r like piriur e 1, the red and the green sub- pixels are

pl aced upon a "checkerboard" pattern with the repeat cell itself. As

di scussed f urt hg22j nln Figuiea281mfhs drvagsoent, of) subrpiyelpenifiers b there 31y t er
t he repeat

three-color emitters in groupings 120 that create a larger rectilinearly repeating cell
group of eight sub-pixels. This layout was introduced in the the 738 provisional
application and included herein by reference. Grouping 120 comprises red sub-pixels
104, green sub-pixels 106 and blue sub-pixels 102. As may be seen, blue sub-pixels
102 are “split” —i.e. having a smaller width along the horizontal axis than either red
or green sub-pixels but doubled in number per grouping or repeat cell. Such a “split”
sub-pixel can refer to a sub-pixel having a smaller area than a non-split sub-
pixel.Splitting the blue sub-pixels helps in breaking up the noticeable effect of visible
vertical blue stripes down the display, as further discussed in U.S. Patent Application
No. 10/278,328 (“the 328 application”), entitled “IMPROVEMENTS TO
COLOR FLAT PANEL DISPLAY SUB-PIXEL ARRANGEMENTS AND
LAYOUTS WITH REDUCED BLUE LUMINANCE WELL VISIBILITY,” filed on
Oct. 22, 2002, incorporated by reference.

[023] As may additionally be seen in Figure 1, the red and the green sub-
pixels are placed upon a “checkerboard” pattern with the repeat cell itself. ~ As
discussed further in the ‘328 application , it may be desirable to alter the repeat

cell grouping 120 color assignments to have a split green sub-pixel in position of sub-



cell grouping 120 col or assignnents to have a split green sub-pixel in
position of sub- 4 WO 03/060869 PCT/ US02/ 39857 pixels 102 and have the

r emai ni ngwoad/oense bl ue sub-pi xel s formthe checkerboard paTtEsn239887 kew se,
it mght be desirable to have the red sub-pixels split and the green and
bl ue sub-pixels on a checkerboard pattern. The alternating "checkerboard"
of emtters is simlar to the red and green "checkerboard" that was

di scl osed in co- pending and cononly assigned U. S. Patent Application No.

09/ 916, 232ixe 02 laf@ havABRANGRMENE r6F abDbOR RlbXFik&8s oI fhd khédRe@BatdVAG NG
DEVI CES W TH SI MPLI FI ED ADDRESSI NG, " filed on July 28, 2000, which is

hereby i medeporlakevrishét might by desitableciodeave flozag sub-pixelsapdit ped tepsressi at e

t hat whi | i depicts the "split" bl i xel . h

i ther t nanfl e B suprEXg 8 iSRGt Pty e HRBRA e ARG of oo on
i nventi on araRLONS shhite ®UIBRI /68! Sid0kef Y ecRérBourdt RBASKANGistRsdd® £6d and

green subpixels. To achieve a pleaSing white point with all subpixels on in
a | ogi calpepdinglandt bemomdy atssigeed Ai.8nPatentedpplication Ned 09(16£32andtitiédie

Commont v SakrRNGERAT orf CRDHBAVELL FBR FUEE 13 s VS G R Ra ™
"1 NPROVED R, GRHGRF FARFANBRVENTCOF i BRERS R 500, RiiEh EEADER) NG °

filed Septenber 13, 2002, which is hereby incorpated herein by reference.
[ 025] As sihwnporated Begur gy feferedme. subpi xel s appear to have a substantially

rectangul ar a ance. |t shoul d.be reciated that .ot her . to th
subpi xg:J_s ar epﬁﬁf‘gor}b&%‘}l‘%lb@ %Bllji’ﬂecéq't% t@%?‘tf@%?h‘&%%ﬁ?ﬂﬁ%qﬁﬁegé}ﬁg}zu%? thg
present | gﬁg@&&%mﬁwa A BRIEr 2 1By lot gﬁeu erpﬁubgife@g, alhs@le} &hb&dindeht egul ar

shapes fo e subpi xel's are possi nd” are desirable if nmanufacturable.

It suffices thapiestrhdtvention eniptoyarbloe tublpixgieféqugl efea dimbumsied wubpirekl s in
the fashion _herein_described fhat may be ad_dres,sablﬁhf?r t he . purposes of
subpi xel PBAEEFTINYLPRIOR) . Tpaskicvag Rigaspiexwhite RAFE Vit gl GUPRIXEIA % Nt he scope

o Che, BB P LA g A KAl RS Lhis co poan cl

18A and 18Bptippuely assdistisasd dnt ed-paidiyy xall commonly assigned U.S. Patent
Application No.  10/243,094, entitted “IMPROVED FOUR COLOR
ARRANGEMENTS OF EMITTERS FOR SUB-PIXEL RENDERING,” filed
September 13, 2002, which is hereby ir;corpated herein by reference.

[025] As shown in Figure 1, the subpixels appear to have a substantially
rectangular appearance. It should be appreciated that other shapes to the subpixels are
also possiblé and are contemplated within the scope of the present invention. For
example, a multitude of other regular or irregular shapes for the subpixels are possible
and are desirable if manufacturable. It suffices only that there is an octal grouping of
colored subpixels in the fashion herein described that may be addressable for the
purposes of subpixel rendering (SPR).

[026] As subpixel shapes may vary under the scope of the present invention,
so too may the exact positions of the subpixels be varied under the scope of the

;
present invention. For example, Figures 18A and 18B depict a similar octal subpixel

grouping wherein one or both of the majority stripes 102 are offset (relatively or



groupi ng wherein one or both of the majority stripes 102 are offset
(relatively or 5 WD 03/060869 PCT/ US02/ 39857 otherwi se) fromthe other
subpi xel swb@®8/0e0369 106. Ot her vertical offsets are also pesIIUso®E398F0D27]

O her enbodi nents of the octal groupings are al so possible. Figures 19A
and 19B depict octal groupings wherein the majority subpixels 102 are
interspersed within the checkerboard of subpixels 104 and 106. O her
arrangenents of majority subpixel placenment within such a checkerboard are

al so possigieewaay Hie theC oMhte Billpates 104 taidnl e Be@Peridal tdTeRr &8 edlto
invention. [028] Figures 19A and 19B may have col um el ectrodes that
zi g-zag agossble. t he di splay. Colum driver savings should be one third when

dtoth t th t th nb
o "ubpi xel's and Acet HfoERE Db Brbl BonblEs LB E il ompar e
to the RCGBoat rh@e198 SEPot bAAkrol@ingdt WaEreRIMRM i BB @hbpikés P1E2S nd

invention are possible. For exanple, the entire octal subpixel groupings
may be rotisieegesed sedhinets checkedward ef sthpixelol @b amst 10GwOs aciehgamends | ver
connectlon to the grou ch,a horlz ar,rangenent .for gub i xel s

S
R e Qe gt B ST S e e S S

entitled "(GileRRIASREMN th@geoygor@glp;%ﬁm%n Pl XEL ARRANGEMENTS AND
LAYQUTS, " incorporated by reference. [030] The alternating "checkerboard"

of emitters is [02%i IBEgurenl?Aandd@Bamdy hgveeeniuto lebeckeddsothnidigizag tacness

di scl osed n [ofo) i.n Pat ent l.i cati 09/ 9 23 1232
applicatid lSp]é‘&t :}?qlﬁ‘gnldﬂ Nﬁ“e@ ‘é’%ﬁ@ﬁ’@{“glﬁﬁfﬁ%

| MAGI NG D%}ﬁﬁswml B Lol ARIRESUNG el kBt dro Zbou?R03. and
her eby incorporated herein by reference. [031] th the display conprised
subst ant i ahirgs affthe apmmr of eibpidde whew comgparhé to thk REGB stvippisygeémspl it as
sub- pi xel 102

, i ible t erfo sub- er renderin on, this
di spl ay using t[Ré\g]ar ?t %raﬁ’ﬁp?‘ﬁﬁp @c?#ip&u@?s IPEon LAY 1?‘191319?‘32 B4t ent
Applicati é%ééﬁ?ﬁ@ééal(éhb%%elvg\%ﬁ RBOG Vel rBfed 90 @é@&éés'tesie MEHODS AND
SYSTEMS F B Pl XEL RENDERI NG T MVA™ ADJUSTMENT,

roles of row and column driver connections to the grouping. Such a honzontal
arrangement for subpixels is further disclosed in the co-pending and commonly
assigned application entitled “COLOR DISPLAY HAVING HORIZONTAL SUB-
PIXEL ARRANGEMENTS AND LAYOUTS,” incorporated by reference.

[030] The alternating ‘“‘checkerboard” of emitters is similar to the red and
green “checkerboard” that was disclosed in co-pending U.S. Patent Application No.
09/916,232 (“the ‘232 application”), entitled “ARRANGEMENT OF COLOR
PIXELS FOR FULL COLOR IMAGING DEVICES WITH SIMPLIFIED
ADDRESSING,” filed on July 25, 2001and hereby incorporated herein by reference.

[031] With the display comprised substantially of repeat cell 120 having the
blue sub-pixel split as sub-pixel 102, it is possible to perform sub-pixel rendering
upon this display using the area resampling techniques as described in U.S. Patent
Application No.10/150,355 (“the ‘355 application”), entitled “METHODS AND
SYSTEMS FOR SUB-PIXEL RENDERING WITH GAMMA ADJUSTMENT,” filed

on May 17, 2002, which is hereby incorporated herein by reference and is commonly



on May 17, 2002, which is hereby incorporated herein by reference and is
comonly 6 WO 03/060869 PCT/ US02/ 39857 owned by the sane assignee of this
appl i cat iwp.03@ms6such enbodi ment of area resanpling is sRCEUSIN3MWSYUr es 2
through 7. [032] Figures 2, 3 and 4 illustrate red 200, green 300, and bl ue
400 resanple area arrays for the red, green and blue col or pl anes,
respectively. It should be noted that each color resanple area array 200,
300, and 400 conprises of resanple areas 206, 306 and 404 and that each
resanpl e ameed®s thansass assigiee bfrtasasplieatiza. nt 020 2uch 3bodintknd @, arca
respectively. The resanple _points 202, 302, and 402 match the relative

posi t i ons refemphiagisshorouin Figwen? thoensind bl ue 102 sub- pi xel | ocati ons,
respectively, hA-hi . ; NESE i J.L act
inter-color-pléﬁ%gbhagg%g?bga(?%H%S?%§}e£zéaggﬁ%ﬁr o?ﬁgﬁgﬁéoégggFF@%ships
are possi k& arfay3UsbPeie rell, #BECind blay eoles plaubs, Respretivdl g stisho@lirmdled a
format conversion cases. [033] Figures 5 and 6 illustrate the red and green
resanpl e dhazagh cales refamie grrecsray 2000 300,0andr 404 eprapriseh of sepampilc ateas

arrangene 1 of .Figur respectively.. Figure.7 illustrate e

ar t1 oul o OBnc o0 - e SR BES PRk B e R el e RRE R 2BY g1 cen
col or res @@E'aﬁdalm,a&slsééﬁ%l@! dTKerEdhﬂ)lé p@mﬂd 2@', 3er ra@ﬂ%mﬁﬁtc}ﬂ@l@-relﬁﬁw
particul ar inter-col OMI ane- phase rel ationship depl cts converting the

convent i ompabitiohs |of ythe aedy £04egteeng Ly endyblug Ydsudrpiael IocaeonRGRspentivaly, whi ch
is to be displayed "ane- .to-qne" with the square blue 102 sub-pixel grid.
n thi o i AORPR Coer cAPE R R nofchdiersabn Y e PO B e 00, “and
red 200 r esRABMAIR And ufiber AF PheSrelationdibs SEGbssibRL atii@nbef Gf R ciand
green 302 resanple points overlap the blue 402 sanple points. This treats

t he bl ue dale psefel won@tiesin givenudptn fohmyt doayersiontcagesof , or intimately
associated wt red 104 d,.green 106 .sub- pi xel checkerboard. [.034]
Figures 11 andq%gﬂéﬁg‘éﬁes_ | ?réfﬁdp %@%bf}ﬁereéoar rgrﬁFIhﬁ%gaV@ a%?@”&?’%gk arrays
to repl acq:i%ln@s ON@ASH OV al o HEHNS -fix el FindHE GRent 4 081 Fidurs NOVEsPaMvERESE
respective Blue color plane resanpl’e area woul d map onto the sub- pixel

| ayout as FigirewnillustrfFesgemegpatticufirguteesolddphnetphsedelationshipbetaiedrf theand
enbodi ments of res | e areas 406 far, bl LLe wi.t h the Enhase slilb(gt ]sﬁlovvn. It
shoul d be aélgpgrgcaq Solog resupple @fggs overlaid on the sub-pixel arrangement . 1S

particular inter-color-plane-phase relationship depicts converting the conventional

fully converged square grid red-green-blue RGB format which is to be displayed “one-
to-one” with the square blue 102 sub-pixel grid. In this inter-color-plane-phase
relationship, the green 300, blue 400, and red 200 resample area arrays are positioned
such that the red 202 and green 302 resample points overlap the blue 402 sample
points. This treats the blue sub-pixels 102 as though they lay on top of, or intimately
associated with, the red 104 and green 106 sub-pixel checkerboard.

[034] Figures 11 and 13 depict alternative blue color plane resample area
arrays to replace the one shown in Figure 4. Figures 12 and 14 show how these
respective blue color plane resample area would map onto the sub-pixel layout as
shown in Figure 1. Figures 11 and 13 depict two different embodiments of resample
areas 406 for blue with the phase shift shown. It should be appreciated that other

(
phase shifts suffice for the purposes of the present invention. Additionally, other



phase shifts suffice for the purposes of the present invention.
Additionally, other 7 WD 03/060869 PCT/ US02/ 39857 resanple areas for the
bl ue pi xewodawerseoul d be enpl oyed wi t hout departing from Phe/USezayss7 of t he
present invention. [035] These Figures are nerely illustrative and only
serve to provide an wunderstanding of the relationship between the resanple
poi nts, reconstruction points, resanple areas, and sub-pixel locations for
this enbodi ment. [036] The sub-pixel rendering techniques as described in
the " 355 patefle ardaPlforGat bk KR D6 ssigdbé empRYE Withoheddpaaaly Remans a
format to that suitable for the display. In such a case, the nethod
proceeds asopodf thapres¢rt)invkstienni ning i nplied sanple areas for each data

o of ot g g seber B S0 S IR e e
coef fi ci enfefsindBRCH thardali ARRFM BwaireRe réAfp&OSdihisClRBAS eI pbIitNY

fracti ons whose denomnators are a function of the resanple area and the
nunmer at or sresemepla afeas)and sub-pixel woateoms dorghiseadivdsaénd. | npl i ed sanpl e ar eas

that ey par 1 g et Lap LIP Laearpl < RLRS, A0 TUILI pLLRS ey
resul ting jigaRn0Giitle uded)to RAHVEH t1RARBoRIMBANE fdrMaP RS #al shiiBIN#fCRe Val ues

for each resanple area. [037] O her sub-piXel rendering techniques are
possi bl e tdisgaypl dy swilt b chdee thes anetlmdsprocdedpiax ¢bllavs: afDedeertisniag idipsied osed

Qﬁ;ﬂgéde’%ﬂfﬁ% Rl ciGh 5 B dasHH Thae-colos Poisk gt (ASTSBREREn No.
10/ 215, 84 i " - Pl | TH
ADAPTI VE I‘Q:"PE'?‘EE"P\%E%?% ﬁéeidEEOBnﬁ ﬁ%)h?tx "%55@558% ‘ﬁﬁuﬁ?ﬁ ?55 Lﬂ?er e yBi grénlgé’\rf\;)or at ed

her ei n by d¢eefftvians éraach exadresahplecanes dhdycdelficiertanempssng fiaetiafs whuss
application. Adaptive filteri nﬁt can be adopted - so as not tg require a

3x3 sanpl eIFOMIRARE g Hnclipn ehthgdesemplapise Ahihsmungsatersfae adpngtiepsy.  The
test may b . i G | or |x2
mat ri ce)s/. %g%?%gu%@%g?lgr@sd hggrr%ﬁggé tg rc?g{ gﬁs#%r 9"3@??%’ gg%ﬂ%?r( i aeg%]:r]é? l i nes,
dots and ®=dges4) muliplying thd glcomdny pist ditedbtiead andictample biearts tee

t aken, depending on the . . ) )
coefficient resulting in a product; (5) adding each product to obtain luminance values

for each resample area.

[037] Other sub-pixel rendering techniques are possible to employ with the
various sub-pixel arrangements as disclosed herein. For example, the techniques
known as “adaptive filtering” may be employed in the same fashion as described in
U.S. Patent Application No. 10/215,843, entitled “METHODS AND SYSTEMS FOR
SUB-PIXEL RENDERING WITH ADAPTIVE FILTERING,” filed on August 8§,
2002, which is hereby incorporated herein by reference and commonly owned by the
same assignee of this application. Adaptive filtering can be adopted so as not to
require a 3x3 sample of input data, which uses a minimum of two lines of memory.
The test may be based on a smaller sample of input data, for example 1x3 or 1x2
matrices. The input data is sampled to test for vertical or diagonal lines, dots and
edges, or other high contrast features and then actions are taken, depending on the

outcome of the tests.



outcone of the tests. 8 WD 03/060869 PCT/US02/39857 [038] Test masks may
be used and conpared to the imge data to see if an edge is detected; if
det ect ed wbhan/06@k®e an appropriate action to the red and/ oPChluse2/smsa -
e.g. apply gamma or apply a new value or different filter coefficient.

O herwise, if no feature is detected, then no action may be taken. [039]
Figure 17 illustrates the results of turning on two full color incom ng
data pixels. The two pixels are converted to two clusters of sub-pixels,
cal l ed "l ogi cako3g)i X@hiSmaskk $hdesk Qékdaind\RmpaRd BNRE ihkicedata THged Fincal

pi xel on the left is centered’on or near a green sub-pixel 106. The

| ogi cal pedgd isdstected; ifidgtetted shapgakeeareappoopriate antian tatherred asdfbr piugealatal04. | n
both | ogical pixels, the various sub-pix are.turned.on tg the .

appr opri at &€& 13O $EPR AT MK at“ﬁgtvagu‘% re‘ﬁb—lgﬁ‘?a{ ﬁh?rtcé’eﬁgil?f&' i(gh‘?r&'r‘%af and
center ed ﬁ@feain!i}%igaét@aecﬁ@}%nrlﬁdacaaﬁn&%ekaiqen.respect!vely- [040] Figures 8A
and 8B illustrate two possible schematics for a driver arrangenent 800 for
t he arrangenen{03f] dogwe 12niledtmtesshd rgsikebs turninEiogume fill ¢kilogumeom® shows a

one to one correspgondence of colum drivers to colums in the display;
however, GRERXEE SR HYO BKels a’é?tﬂ?—“ﬁ?@ tg ,WPFIW%%HS&E%WQA%IC@H?%%Q& dj acent
col ums of.; | 15%9,,] VAl : =Lt : nin
Fi gure 88?1)&6%0’5{1%% ebr#;a1 asﬁgﬁgpgglygﬁt gggiﬁéﬁg% %ggglﬁe {%ﬁtelg%%tgges chl? col um

drivers. pP4ddr Fgeer subvpincellite, Thdlegreakpiacpdretegigheis deatweed e os as® sunber
of sub- pixels illustrated as Figure 1. These drive férran

. X enents may be
used for #hinRixel04. ginshath Jogieal PRl dieevarions syiaixg OQfRé‘%ﬁi Ofd9 tlF‘%present
one or se . LL : : jtive
i <pl ay " cupropifehbhifbn SATHAPEHenink TR of RICEREN apd BERERRNI | /S
or El ect r tlagreaieanemnrt sGi=pjxeld fgpeatyivelyt may represent the gaseous di scharge
elenment in a Plasma Displa represent the

Panel (PDP). It may. .
sem conduct or . [%Qﬂd@i%‘}ré?r@%t apg 8B Eﬂ&hsgg"\?eﬁ“sp Pﬁ%/ﬁl@érﬁcberﬁ?%ﬁﬁ forng WriVRy DI ode
or an Organi Li AN ] ] . . . he:
transi st gla ?aﬁ%%e?lgéggg%ég ?ﬁé%e?‘geﬁ%ggg@égix ftteté S¢ eﬁ){egﬂoiglerr%%p}eo#' glrgui?ct ive
Matri x Li QUi showsysbiéd to dleSgtiraypdnibhdeld)f colimirdyivére pé eskminstinghe display;

multi-transistor, storage capacitor, and |ight L
however, with the split blue sub-pixels, it may be desirable to tie adjacent columns of

split blue sub-pixels via connections 820. As may be seen in Figure 8B, this scheme
has the advantage of saving on the number of column drivers.

[041] For convenience, these examples given have the same number of sub-
pixels illustrated as Figure 1. These drive arrangements may be used for a number of
display technologies, as the blocks 810 may represent one or several electrical
components. They may represent the capacitive display cell element for passively
addressed Liquid Crystal Display (LCD), or ElectroLuminescent (EL) Display. It may
represent the gaseous discharge element in a Plasma Display Panel (PDP). It may
represent the semiconductor. diode element of a passively Inorganic Light Emitting
Diode or an Organic Light Emitting Diode Display. It may represent the transistor,
storage capacitor, and capacitive cell element of an Active Matrix Liquid Crystal
Display (AMLCD). It may represent the multi-transistor, storage capacitor, and light
emitting element of an Active Matrix Organic Light Emitting Diode Display



emtting elenent of an Active Matrix Organic Light Emtting D ode D splay
9 WO 03/060869 PCT/US02/39857 (AMOLED). It may represent, in general, the
col or subwpiog@bosend its associated electronic el enents f@amdsonissher
known or yet to be invented display technol ogies. [042] Known drive timng
and nethods nmay be used for N X Mdrive matrices as those shown. However,
there may be nodifications needed due to the specific color assignnents,
particul arly any checkerboard across the panel or color alternations

W thin a siAMOBED)! UlMmay @EprecAliPineeenth® e CAbNasD-HREMEnd fks tREoR4tkd as
Mul ti-Line Addressing for passive L%:D may be nodified such that groupings
of rows adlectronst ¢lementsl faumd dl dthanksnaweer yebte keonbénted displsy teEhmalogies. r educe

tenti al I tal k. sipce, withi I i t.h t | t ti
ol or sub- pi xel D4ZbrRJowhetig) i, muthals dres S8t r X k. M 63
| nversi on JeeEPss 1M SREWRY HdWevel, §hdik hd) b hﬁJd@hd&%ﬁ% hgérgideéﬁfugsté thbe

display cell to provide a tine. averaged Zero net fie ion current
acr oss t hespeelit cod@mnassignmssid, patittierly oy eheskiethoard serbspiheghanalk oanglerent s.
Figures 9 and 10 (matchin Fi gure 8A' s schenmti'c) and Figures 15 and 16
(mat chi ng FeHRansBIQILR § ‘f"g‘}mn's IR e=”g? tecHyigPs kgawn dp fag i as -
referred RS i Xlddréfdthe foXdassive b B Yo di ' n@% [ i,qui d
Crystal Di SB ayls, otrﬁggofg V\ﬁ’%sﬁl vviqﬁﬁpe forlyﬁc{ é%%f%cﬁg%%ﬁ? . grs'[({"ilrerbgvghene
shown on Firguessctdd anadd mndegvepavioromUiedtioas. e will irgdicei poivaitiah cekor of

| ight transm ssjon occué_ bet ween positive and negative, polarities,

especi al | yeroitdalkisree, within acqlpmp Ryl wordtemsting folst seh-gixelsy edly ora g9 novi ng
across th he Figures shows the polarities during half of
t he di spl g\gﬁgﬂcfga?@?ss?%ghﬁﬁier?%s. The polarities are reversed for the other

hal f, alternati[0g3pviryrsionesotiemes sswitching the éedifital zRgld potatity eltostz@eo0 DC
bias), as is well_known in the art. [044] Figure 20 depicts a Sﬁstem 2000
in whi ch aignlappel] taproyvidess Hmetavgraed zefe aist Hsldcandvion rurmsat yeapssdhs cell
enbodi nent i i NS dRiv - Pk i ng techni que
2004 whi chéalr}g)fqﬁé&)?ig}eglgé‘?é {c?)%lqge %{?yé?‘%a g?}?%:{gs'zjé%%es n%agg{ﬁm&qfé%ﬁge dat a
stream 2008gieySA® sdhphibtic)ndal Firersuly phkab mendeaid Mgire B Gulger?ity and

converted in the nmanner herein disclosed. An output inmage data stream 2010
is sent show two “dot inversion” schemes -- referred to as “2x1” and “1x1”, respectively --

on Active Matrix Liquid Crystal Displays, both of which will perform satisfactorily.

The scheme shown on Figures 9 and 15 may perform better when slight imbalances of

light transmission occur between positive and negative polarities, especially when the

eye is tracking 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.

[044] Figure 20 depicts a system 2000 in which a display as constructed in
accordance with the various embodiments disclosed herein is driven by a sub-pixel
rendering technique 2004 which may be resident on a physical device 2002. An input
image data stream 2008 may be input into the sub-pixel rendering technique 2004 and
converted in the manner herein disclosed. An output image data stream 2010 is sent

- to the display device 2006 in order to-drive the various sub-pixels to form an image

thereupon. As discussed in several references incorporated herein, the sub-pixel

10



to the display device 2006 in order to drive the various sub-pixels to form
an i mage thereupon. As discussed in several references incorporated

herei n, twe osotosp? xel 10 WD 03/ 060869 PCT/ US02/ 39857 r emd@risnz38SPR)
techni que 2004 may be inplenmented in either hardware and/or software or a
conbi nati on thereof. For exanple, SPR techniques 2004 could be resident as
| ogic (either hardware or software) on the display itself or it could
reside on a graphics controller chip or board. [045] While the invention
has been Q@ﬁfeﬁhge(@PN)ttbclﬁﬁéﬁr e0e niay bx émpleareytedenb edharelmtrdwaret and/bt  be
understood by those skilled in the art that_ various chang may, .be made
and equi vabBivare sy dembingtion; thereall fhor cXppienOER F?@P@@F%ﬁ@%ﬁ?uldd%arti ng

fromthe scope. of .the i.aventi.on. |5 {f .caLd be
made 1o adgpiers ap et (e BB oAk cne TRBey TRl 3Bk ARTRY, 1,
departing onfd Qpﬁibﬁco@l&%ﬁéﬁdhﬁioﬁm& t hereof . For exanple, sone of the
enbodi nents above may be inplenented in other display technol ogi es such as

Organi c Light HA#E}tiWhilDitkimvert@remys benadeseriednsils aefistenceity exemplary

El ect h ti Act. tri i id al .. D : i
vatrix L1 aentppgtt df VRl el i e AP Y RS
Emi tting %g?%e(iﬂﬁ&) anf| @fuiv1dats PhAY banBétitqiePRbr aadents i tlegoe Rtithout

|

Theref ore, is intended that the invention not be limted to the
parti cul ardepattiodifrmmthe stiope lof esinysntidne Ieasiditinzd enapyrmedipraiicng maf bear ryi ng

Cal 11 o wib Moy FEbs Bt bS8 anerth i, elig Ryl ARRath =" °
PCT/ US02/ 3983 The gsélt%ﬁscﬁ%%ﬁefb& Ch é%ﬁﬂgi_e,s sorde of\tHéi sni AYmERERHO Mgy a

plurality of a sub-pixel ‘group; said sub-pixel group further conprising
ei ght sub-yui ingllementbk ireothee display d¢dinglogiepiswa ag Organic bighh Ematiingdpiede

sub-pi xel ’(O%E%)?%iec%r% %ﬁleggc%flt .]i()?l qucgrop (?rletlilc% A&gtli\%r I\/faltlrl%i Hiiél%ld; Crystal '
Display (AMLCD), Passive Matrix Liquid Crystal display (AMLCD), Incandescent,
solid state Light Emitting Diode (LED), Plasma Display Panel (PDP), and Iridescent.
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.

11



wherein said sub-pixel group further conprises four sub-pixels of said blue
color, two sub-pixels of said red color and two sub-pi xels of said green
col or; vWwerogiososburt her sai d sub-pixels of said red col or PERAISOABWS7
sub- pi xel s of said green color formsubstantially a checkerboard pattern.
2. The display as recited in Claim1 wherein said sub-pixels of said blue
color conprises a snaller area than said sub-pixels of said red color and
said green color. 3. The display as recited in Caim1l where said

sub-pi xel group further conprises suRgi@ntially two rows and four col ums
of sub-pixels; and wherein further @ Tirst set of two non-adjacent columms
conprise four sk ipdlxaledi9f said blue color and a second set of two
non- adj acent colums conprise two sub-pixels of said red,coLon %nd t wo
sub- pi xel s of daid dydsaxesmaprising a yiyealdy e sip-pigclgewR; said OB m 3
wherein said t non- adj.acen ol.ypms conprising four sub-pixels of said
bl ue coIo@bgpé%%??gggmgégggg%f?@y##gﬁisaid two non-adj acent col ums

conprise two SulreRiixedch séil s§Biptkel @bre@faredoslot sub-sixdl; a presekslopbulsai d green
color. 5. The display as recited in aim1 wherein said sub-pixels of said
bl ue colpmehmuiﬂgbeﬁngﬂgémxﬁaid substantially fornmed checkerboard pattern
of sub-pixels o sai d

f d .col d i1d._qgr . [, Spl
o S0P XL Sher iy BiEhSE Sour Bl A TRl R gLy

an-ac Iquid crystal

display. Zolof RoRuBERLRYs FFSaidaed taer Al Goub fxabef Qiidigean doidt;spl ay appl i es
a dot inversion schene for driving the sub-pixels in each sub-pixel group.
12 WO 03/ 06086%vHeEih (SRt $988b-pigels Phsaidirehtalgr and spidloubaax¢lnotsaid m 7

Feci ted | ReEnanIF PRPERR N RO PIREPEFa schems 1 2% 1 dot | o
'Sﬂ‘ée[)f;(gp . rlgu 5' N 2 T ARpRY as 3id H CRERY WREBRI I EbIRILbALHA Wluef a

color comprises a smaller area than said sub-pixels of said red color and said green

color.

3. 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 blue color and a second set of two non-adjacent columns comprise two
sub-pixels of said red color and two sub-pixels of said green color.

4. The display as recited in Claim 3 wherein said two non-adjacent
columns comprising four sub-pixels of said blue color are offset vertically from said
two non-adjacent columns comprise two sub-pixels of said red color and two sub-
pixels of said green color.

5. The display as recited in Claim 1 wherein said sub-pixels of said blue
color are interspersed said substantially formed checkerboard pattern of sub-pixels of
said red color and said green color.

6. The display as recited in Claim 1 wherein said display is an active
matrix liquid crystal display.

7. The display as recited in Claim 6 wherein said display applies a dot

inversion scheme for driving the sub-pixels in each sub-pixel group.

12



sai d sub-pixel group further conprising eight sub-pixels; wherein each said
sub-pi xel is one of a blue color sub-pixel, a red color sub-pixel and a
green colwp osiotnspt xel ;  wherein said sub-pixel group furtkrer/usonpassses four
sub- pi xel s of said blue color, two sub-pixels of said red color and two
sub- pi xel s of said green color; wherein further said sub-pixels of said
red col or and said sub-pixels of said green color form substantially a
checkerboard pattern; a nmethod of converting a source pixel data of a first

format for renderi nQ‘hgglgs?)éaysﬁ!rgciféh?rpbﬁaYmWrEﬁi S dﬁ?ﬁ\%‘i%ﬂ‘édﬁgﬂeq@ i ed

sanpl e areas for each poi nt of incomng three-color pixel data;

det er m ni hgl benveasonapl e area for each col or sub-pixel in the display;
formng a set of coefficients fqor each.the resanple area, .saiq coefficients
conpri si ng fraéti ondhabpéayRsAesicd @F%mgr‘@ﬁ%{ewﬁlﬁwﬁnwswmc B¢dfpl e area
and the ?yp§5ﬂ$9&§bgre a function of an area of each the inplied sanple
areas that"may “partrally overlap said resanple areas; multiplying the

i ncom ng pi xel 10at a Ih adispshsdidpisplag corapiising apamality of esubesieélfgrongnt
resulting in a product; and addi ng each the product to obtain | um nance

val ues f opaidsebrpixed grqspduhagomprising vight sbrpigelsayhersyy ¢ach sud seb-pixel 10
wher ei n det er mAi S I 1 ' L determning a
phase el Re s o L RSRRE. Fred¥ofR LU PR SRy OB 1108, 7 1)

The net hodmensn £46 istie@idengfupifiintel codipri s fowaubpitdls 6fsaad plaselor, two
relationship further conprises: 13 WO 03/060869 PCT/ US02/ 39857 = positioning
resanpl e pai-nixslstafisaidaet celer andbromubrixdnpl widgiess calosivhdean famkerr esanpl e

PoL IS LR SO AR 0 SR B SRy v o P
conpri si nguistdidiifhich¥ckefboardpditeti; Xel  group;
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 re§ample 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 iﬁcoming 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.
! 11.  The method as recited in Claim 10 wherein determining the resample
area further comprises:
determining a phase relationship between the resample area for each color sub-
pixel.
12. The methods as recited in Claim 11 wherein determining a phase

relationship further comprises:

13



sai d sub-pixel group further conprising eight sub-pixels; wherein each said
sub-pi xel is one of a blue color sub-pixel, a red color sub-pixel and a
green colwp osotosp? xel ;  wherein said sub-pixel group furtRrer/usompassses four
sub- pi xel s of said blue color, two sub-pixels of said red color and two
sub- pi xel s of said green color; wherein further said sub-pixels of said
red col or and said sub-pixels of said green color form substantially a
checkerboard pattern; a nmethod of converting a source pixel data of a first

format for r e”%El'tlﬂﬂng@ééamg)f@édi‘mg'f&fﬁa@ﬂsﬁ@ﬁ&bf fosffpleiafdal shil@artheet  of
color image data; tes he input data for a plurality of conditions; and

t aki ng appesampﬂapcaniacfm sanisredmo}oespd)seségtegn coler sibstestiglopveslay éhe est i ng of
the input dat 14. The, as recited in Caim13 wherein said set of
col or i nagesan ity £pres2 ?F €5 a sanple of a 1x3 matrix of input data.

15. The nethod qas r t e
13 gﬁ'gtdg% na/Pseaq(i) ]@isgla%%oif{ﬁﬁ&ﬁgapﬁﬁhlﬁy%? a bRl oupmg

i nput data conpri se matri x of 1 nput data. The net hod
as reci tedaidrsuﬁlmxa?gﬂo&pvﬁaﬂhﬂimnmeismgmlﬂt hlé)-plmplaIWUaBm daoh Sad S]db-pnfa:ll ty of

conditions further conp es. test tecti on h contrast
feature iAs oReof :pjue C‘Eilﬁ’f%u -piel, § "éi‘??g‘i’rﬁ‘&} pé’%e ?‘é‘gf‘ £Eg1 R Oflls’é}? mXE wherein
sai d hi gh gﬁmﬁ gLoMP tGeNPri si ng
an edge, élﬁ%ﬁh gﬁibﬁﬁ gr Oug i%gﬁlgﬂﬁé%é&gsﬁ]r) éﬁlﬁgfsl%ﬁd %ual ?nrélé wherein

t aki ng aprsmbmixeai @f@ﬁinedmslorami tvas bAsiecls of $did geat caloe vdiersmfui‘tlneasstl ng of

the input data further conprises:  substituti ?g new col or data val ue for
the curr erreidsgbatixelaeksaitaedsolor andysig syl ERSHEPIBERT 19, The

nmet hod as rg%ctﬁﬁt?a%ararkhgl?e a}ds %@%el n taking appropriate actions in

response t°¢ t'conme o sting of the input data further
conprises: appyethgd gameﬁﬁrngr@rplx@ detaef adirstdotmat doorendatrg orad ue.  20.

The nethod as recited in Caim 13 wherein taking appropriate actions

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.

14.  The method as recited in Claim 13 wherein said set of color image
input data comprises a sample of a 1x3 matrix of input data.

15. The method as recited in Claim 13 wherein said set of color image
input data comprises a sample of a 1x2 matrix of input data.

16.  The method as recited in Claim 13 wherein testing the input data for a
plurality of conditions further comprises:

testing for the detection of a high contrast feature in the input data.

17.  The method as recited in Claim 16 wherein said high contrast feature
comprises one of a group, said group comprising an edge, a line, and a dot.

18.  The method as recited in Claim 13 wherein taking appropriate actions
in response to the outcome of said testing of the input data further comprises:

substituting a new color data value for the current color data value.

14



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. 2IwoOA3®ywssem conpri sing: a display, said display ceacprissz/sugsa
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 blue color
sub-pi xel, a red col or sub-pixel and a green col or sub-pixel; wherein said
sub- pi xel group further conprises four sub-pixels of said blue color, two

sub-pi xel s of ;gaid ggrgﬁfb!d%r@éﬂ%ggﬂvelaﬁﬁh3p&ﬁ%?éiﬁtmngs o ARE Retionk OF ;

wherein further sai - pi xel's said red color and’said sub-pixels of
sai d gr eein eeparse tothmostecbscafisaid tdsying of thieuke die dnthgp gbmprisgs: and nmeans f or
subpi xel rendering. i nput inmage, data. 22. Thei stemas recited in aim?21

S
wherei n sai d neRRIEnEgAMRARoNEeion todheerient colpdata ¥albe furt her conprises:
means for inpubging f : @'ﬁ%‘a ; H?a?ﬁﬁ% iagnkhe input
data for a pl u?g] i t;ﬂgﬁﬁghggcﬁsggéﬁg;ﬂ an rrlgg‘%]lger?lor ta %%O%T%%% oprinate
actions i fh fegdsa sethe ouichme@fisgidnestinf of tiednpue dbtiarfgrthavicotipeisesnput  dat a.  23.
The systemas recited in Caim22 wherein_said set of color inmage input

dat a conpri ses 2pplyagy|sEb-pixchrepderingdiliereogificiensie thedpput daka. The syst em as
recited in d aim 22 i | et of color image input data conprises a
sanple of a 1x2mmat #Y\gg%@%r?ﬁsg}fgt a. 25. The systemas recited in Caim22
wher ei n sai d neakpldypsaid esplangoimpaising Bpliralitfiof of sab-paxddIgus); biiyl sotb-
conditions further conprises: neans for testing for the detection of a high
contrast pixst sioupifirthes somppsing gighbsub-piselyyyieio sadediderh vispids 3988y  26.

The system as reci . [ .0 .Sal [ Qr e
comr | ses 5 SROSERAS elrof At BRECHD SRLA MAMEIRAT Pk EWLT | 4o
27. The sygi-giXeBgroup Girthefl coripiided fdtr2gb-phelLoaidemiscdlor, twe kit gix cRur Opri ate

actions in response to the outcone of said testing of the input data
further said red color and two sub-pixels of said green color; wherein further said sub-pixels
of said red color and said sub-pixels of said green color form substantially a
checkerboard pattern; and
means for subpixel rendering input image data.
22.  The system as recited in Claim 21 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.
23.  The system as recited in Claim 22 wherein said set of color image input
data comprises a sample of a 1x3 matrix of input data.
24.  The system as recited in Claim 22 wherein said set of color image input
data comprises a sample of a 1x2 matrix of input data.
25.  The system as recited in Claim 22 wherein said means for testing the
input data for a plurality of conditions further comf)rises:

means for testing for the detection of a high contrast feature in the input data.
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conprises: means for substituting a new color data value for the current
color data value. 28: The systemas recited in Caim22 wherein neans for
taki ng awproepeised e acti ons in response to the outcone of Pe€aIub02/8867 ng of
the input data further conprises: nmeans for applying ganma correction to
the current color data value. 29. The systemas recited in Caim 22
wherein neans for taking appropriate actions in response to the outcone of
said testing of the input data further conprises:. neans for applying new

subpi xel rendgcl norfl LLgty SOSLLER0LS 30 kel BRMign (ol Alurd e System

as recited in Craim n-said neans rendering input

data furtfghpysRERhe S?a‘égroup,r@ﬁﬁ%mﬁpéo Sgrhmédp, 4 [1hd,iaad aslenpl e areas for
each data point of incomng three-color pixel data; means for determ ning

the resanpl e a2@a f dhe eystdm evtepitedsinii-lpink 32 whereiihaeansi feplakipg neans for
formng a set of coefficients for each the r.esanpl re i .
coef fi gi e FRRTORILAH AR P FPRUP I)Qnti‘e @8@6323%}@1%?%@ %r%gﬁlgrngpué%@ &%(l:nt‘t}l%ln of the

resanple . and the nunerators are a function of an area of each the

inplied sanple areas that nay partially overlap said resanple areas; neans
for multiplyi nmeahefor sdwstivtiggpinew! coltatdater waluesiat theiqwprenicapleyalai waleg.ea by

T et Mgt P b e, 2 LRSS BRSOl coch (he
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.

29.  The system as recited in Claim 22 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.

30.  The system as recited in Claim 21 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

means for adding each the product to obtain luminance values for each

resample area.
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