WO 02/ 091349 PCT/ US02/ 12610 5 CONVERSI ON OF A SUB- Pl XEL FORMAT DATA TO
ANOTHER SUB- Pl XEL DATA FORMAT CROSS- REFERENCE TO RELATED APPLI CATI ON 10
The presewD oappisucati on clains the benefit of the date of POTSISORIIYe Si onal
Patent Application Serial No. 60/290,086, entitled "Conversion of RGB

Pi xel Format Data to Pentile Matrix Sub-Pi xel Data Format", filed on May
9, 2601, U. S. Provisional Patent Application Serial No. 60/290, 087,
entitled "Calculating Filter Kernel Values for Different Scaled Mdes",

filed on May 9, CONMERRION Obr 4 wiUR-BRSEL PARMATARATACEOIAMOTEERal No. 15

60/ 290, 143, entitled "Scalin on Pentile Matrix", filed
on May 9, 2001, and U S Prgy%pgggﬁﬂ&ﬁgm‘g& cation Serial No.

60/ 313,054, entitled "RG Stripe Sub- Pixel Rendering Detection", filed on
August 16, 2001, which are |ncor§or at ed bﬁ/{ér eference herein in their
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further separating the 't ree colors an aci ng equal spati al
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smal | er panel. In so doing enzschawel, et al. teach how to 1 nprove the
i mage qu.tmltRﬂndsmmggDete@tmﬂﬁnﬁlqd@n AOURNOWA0D h Witich are tincesporatad bp irefettence

renderi NR‘FE r,&c ntly Hll, et al. in U S Patent No. 6,188,385 teach
how t o H%’b?’&% ’é)?flr(f ality by reducing a virtual image of text, one

character at a tinme, using the veBXCKOGROUMD pi xel renderi ng techni que. 35
The above prior art pay inadequate attention to how human vi sion operates.
The20pri or arfhespressapanplieation; iglates o theeconiergiontsy srapbica dafs fagmatelipmeones

poorly "Bl I?(? Qn&tﬂerpéfﬁasgemﬁ&a?ﬂng thelconversion of (red-green-blue) RGB graphics to

improved color pixel arrangements used in displays.
The present state of the art of color single plane imaging matrix, for flat panel
displays, use the RGB color triad or a single color in a vertical stripe as shown in prior art
25 FIG. 1. The system takes advantage of the Von Bezold color blending effect (explained
further herein) by separating the three colors and placing equal spatial frequency weight on
each color. However, these panels are a poor match to human vision.
Graphic rendering techniques have been developed to improve the image quality of
prior art panels. Benzschawel, et al. in U.S. Patent No. 5,341,153 teach how to reduce an
30  image of a larger size down to a smaller panel. In so doing, Benzschawel, et al. teach how to
improve the image quality using a technique now known in the art as “sub-pixel rendering”.
More recently Hill, et al. in U.S. Patent No. 6,188,385 teach how to improve text quality by
redﬁcing a virtual image of text, one character at a time, using the very same sub-pixel
rendering technique.
35 The above prior art pay inadequate attention to how human vision operates. The
prior art’s reconstruction of the image by the display device is poorly matched to human

vision.



WO 02/ 091349 PCT/ US02/12610 5 The dom nant nodel used in sanpling, or
generating, and then storing the inmage for these displays is the RG pi xel
(or threewoakoei3pt xel elenent), in which the red, green, @cd/USht/usival ues
are on an orthogonal equal spatial resolution grid and are co-incident. One
of the consequences of using this image format is that it is a poor match
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rods that contribute to monochrome night vision.
The human vision system processes the information detected by the eye in several

30  perceptual channels: luminance, chromanance, and motion. Motion is only important for

flicker threshold to the imaging system designer. The luminance channel takes the input

from only the red and green receptors. It is “color blind”. It processes the information in

such a manner that the contrast of edges is enhanced. The chromanance channel does not

have edge contrast enhancement. Since the luminance channel uses and enhances every red
35 and green receptor, the resolution of the luminance channel is several times higher than the

chromanance channel. The blue receptor contribution to luminance perception is negligible.

Thus, the error introduced by lowering the blue resolution by one octave will be barely
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2 WD 02/ 091349 PCT/ US02/ 12610 5 noticeable by the nost perceptive viewer,
if at all, as experinents at Xerox and NASA, Anes Research Center (R
Martin, Jwo@lbe49J. Larimer, Detectability of Reduced Bl R€TRiSREI261Count in
Projection Displays, SID Digest 1993) have denonstrated. Col or perception
is influenced by a process called "assimlation" or the Von Bezold color
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renderi \rig&aq%guétﬁ%%mam st maintain color bal ance by ensur i ng that high

spatial frequsubepixdlémiermg, intsintost bienplistic inagledentaddmopetes ol using thaage t o
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Thi s ensure that the.luminance information does not alias within each
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25  image is important at each location. Thus, the sub-pixel rendering algorithm must maintain

color balance by ensuring that high spatial frequency information in the luminance
component of the image to be rendered does not alias with the color sub-pixels to introduce
color errors. The approaches taken by Benzschawel, et al. in U.S. Patent No. 5,341,153, and
Hill, et al. in U.S. Patent No. 6,188,385, are similar to a common anti-aliasing technique that
30  applies displaced decimation filters to each separate color component of a higher resolution
virtual image. This ensures that the luminance information does not alias within each color
channel.
If the arrangement of the sub-pixels were optimal for sub-pixel rendering, sub-pixel
rendering would provide an increase in both spatial addressability to lower phase error and
35  in Modulation Transfer Function (MTF) high spatial frequency resolution in both axes.
Examining the conventional RGB stripe display in FIG. 1, sub-pixel rendering will

- only be applicable in the horizontal axis. The blue sub-pixel is not perceived by the human
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only be applicable in the horizontal axis. The blue sub-pixel is not
perceived by the human 3 WO 02/091349 PCT/US02/ 12610 5 | um nance channel
and i s thwopebose4s not effective in sub-pixel rendering. SiPegasonizsia he red
and green pixels are useful in sub-pixel rendering, the effective increase
in addressability would be two-fold, in the horizontal axis. Vertical
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the resanple areas. The data val ues wch inplied sanple area is
multiplied by its respective fract H |1 products are added together

to obtain |um nance val ues _for each resanple area. 30 A nethod of,
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three-col or pixel "elenent and the geonetric center of another sane col or

t he emni of the fost farmati Jhioaesamgle dreascfor edchrenpitiedf each color in the display is also
25  determined. A set of fractions for each resample area is formed. The denominators are a
function of the resample area and the numerators are the function of an area of each of the
implied sample areas that at least partially overlaps the resample areas. The data values for
each implied sample area is multiplied by its respective fraction and all products are added
together to obtain luminance values for each resample area.

30 A method of determining implied sample areas for each data point of each color in a
source pixel data of a first format for a display of a second format having a plurality of three-
color pixel elements is also disclosed. The method comprises determining a geometric
center of each emitter of each of the three-color pixel element of the first format to define
sampling points. Then defining each of the implied sample area by lines that are formed

35  equidistant between the geometric center of the emitter of one the three-color pixel element
and the geometric center of another same color the emitter of a neighboring three-color pixel

element and forming a grid of the lines.



el enment and formng a grid of the lines. 4 WD 02/091349 PCT/ US02/ 12610 5 A
method of limting filter kernel divisors in a filter kernel to a val ue

desi gned wo iomshe fy hardware inplenentations is al so di selcagsd2/13bne net hod
conprises calculating areas for filter coefficients using floating point
arithnmetic and then dividing each filter coefficient by a total area of a
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array, a single plane, for a display device;, FIG 2 illustrates the
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arr ange t.of. FIG.. 1. FIGS, 3. 4. and illustrate the effective sub-pixel
ren Qri ngf%&%{‘?%?’i th& f%tF fe%lm?’oarndecggﬁem%ﬁh&f&tﬁf 5%%%1‘n%f’?1%s'sanpl ing points for
the prior art RGB stripe arrangenment of FIG 1. 20 FIG 6 illustrates an
arrangenment of three-color pixel elenents in an arr%@i n a single plane,

for a display device; FI GBREEF DEMRIBTEINIHETEHIRBAWNGRIb- pi xel rendering
sanpl i ng poi He?entif?% nbW%o %@éﬁféﬁ?&e%&%ﬁl 9o eﬁéxﬁﬁns gre.arfﬁglb%Zéd 4]:15(98 8 and 9

illustrate alternative e i Ve sub-prxel rendering sanpling areas for 25
t he bl ue col BIGp] dhwiratasp biiogarpRGB Sripoarrdngemant eiityeseoios pxel dbkents tm and

27; FIG 10 illustrates another arrangenent of three-color pixel elenents

in dn afR&yay.iasingle piang far pisRlay deyfeia di splay device; FIG 11 illustrates
the effectiv ' P afph i j : : nt of
FIG 10; 30 Igll%upiilgﬂs? I?J{sht%r% g?%%@ﬁéﬂ%‘ g{:}glief\;gé g%@%%?eﬁunggoﬁgg ng sanpling

ar eas f ®GB $teapbhuengeoient of PlGade sanpling points for the arrangenent of FIG
10; FIGS 13 4 illustrate the effective sub-pixel rendering sanpling
areas for chERPS et 5 BBNSE s st Sras Fisr Enee e heree T

FI GS. 6 camelpihfe of ihesadplihg poits'farl B8 pAbr 4% REB &fips ammRnial AtEcand their
effective sanple areas for a 35 prior art pixel data format, in which the

red20green, &Hd. billvstrotas aearrangement fihtegngalor ppeel plamentisds o grayoimn geingleand
co-i nci %Fa%,;for a display device;
FIG. 7 illustrates the effective sub-pixel rendering sampling points for the
arrangements of FIGS. 6 and 27;
FIGS. 8 and 9 illustrate alternative effective sub-pixel rendering sampling areas for
25  the blue color plane sampling points for the arrangements of FIGS. 6 and 27;
FIG. 10 illustrates another arrangement of three-color pixel elements in an array, in a
single plane, for a display device;
FIG. 11 illustrates the effective sub-pixel rendering sampling points for the
arrangement of FIG. 10;
30 FIG. 12 illustrates the effective sub-pixel rendering sampling areas for the blue color
plane sampling points for the arrangement of FIG. 10;
FIGS 13 and 14 illustrate the effective sub-pixel rendering sampling areas for the red
and green color planes for the arrangements of both FIGS. 6 and 10;
FIG. 15 illustrates an array of sample points and their effective sample areas for a
35 prior art pixel data format, in which the red, green, and blue values are on an equal spatial

resolution grid and co-incident;



5 WO 02/091349 PCT/US02/12610 5 FIG 16 illustrates the array of sanple
points of prior art FIG 15 overlaid on the sub- pixel rendered sanple
poi nts ofwBlo@o9Ba9 in which the sanple points of FIG 15 &cCa&/usn2/1%e0 sane
spatial resolution grid and co-incident wwth the red and green "checker
board" array of FIG 11; FIG 17 illustrates the array of sanple points
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FIG. 22 illustrates the array of sample points and their effective sample areas of prior
25 art FIG. 21 overlaid on the red color plane sampling areas of FIG. 13, in which the sample
points of FIG. 21 are not on the same spatial resolution grid and co-incident with the red and
green “checker board” array of FIG. 11;

FIG. 23 illustrates the array of sample points and their effective sample areas of prior

art FIG. 21 overlaid on the blue color plane sampling areas of FIG. 12, in which the sample
30  points of prior art FIG. 21 are not on the same spatial resolution grid nor co-incident with the
red and green “checker board” array of FIG. 11;

FIG. 24 illustrates the array of sample points and their effective sample areas of prior
art FIG. 21 overlaid on the blue color plane sampling areas of FIG. 8, in which the sample
points of prior art FIG. 21 are not on the same spatial resolution grid nor co-incident with the

35  red and green “checker board” array of FIG. 7; |
FIG. 25 illustrates the effective sample area of the red color plane of FIG. 3 overlaid

on the red color plane sampling areas of FIG. 13;

6



on the red color plane sanpling areas of FIG 13; 6 WD 02/091349

PCT/ US02/ 12610 5 FIG 26 illustrates the effective sanple areas of the

bl ue col owopkams4of FIG 5 overlaid on the blue col or pl ameTasmapliény ar eas
of FIG 8; FIG 27 illustrates another arrangenent of three-color pixel
elements in an array, in three panels, for a display device;, FIGS 28, 29,

and 30 il ustgat At S itters 10
on egc'h separlgg'?lj é%%@%éﬁ‘gﬁe tn‘téev? Cgl%%&%#@%ﬁa@?é%ﬁ%rp%gioﬁfg%ﬁ" ates the
out put sR8Rhd carthébige asiot pRAO sahpligaredslofa@r §;ai d on top of the input

sanpl e arrangignent_YO of FIG 15 in the special case when the scaling ratio
is one inputfl %éillusBptesarathengstangepey of facecqiprarine] CTments ISWATFYXE s

acr oss; t@l&gp?r’fé’is if{nﬂé‘(‘f&ﬁl@igévi .single repeat cell 202 of converting a
I mage

640x480 or ma 'o-a PenTile matrix with 800x600 total red and
green sub pi X@Gs; 28,128, adi330 ilhusisite aieesrangementsrobthe pliengtebe, adatd emitend s of a

three-col or pixel elenent in a. case where the repeat cell size is odd,
FI G1034 9nqagls penarasepans! 0% shgplevicsrotd18adh where the repeat cell size is

even; FlG 355152 PﬁHst’i‘%t@?th%%t S?%g@%ﬁaﬁé&ﬁ@n’fb@ oi?’ﬁlcpqlir}ﬂz%ﬂ?ﬁ)bnacol? gndering

area 246 that overlaps si e surroundi ng 1 nput pixel sanple areas
248; FIl Ge Bpui samyid amdngsmsnt7poddiG. 23 2n fhespedidl Gase38hen thh scdlmgrretial@rdanag ar ea
250 overl ap?i n? five sanpl(i: areas 252; FI %/ 37 illustrates sub-pixel 234

from FI CPRPLG For e Aded Fiy? Be S4RH! SYBRFIRING sanpl e areas 256, 25

FIG 38 ill usiizasesnsthedh X8l 1&8%4&51@@ &% coddertthf R G4DR4SEVEA fopga@r €a 258
over | appi ng sanpl e areas 260; FlI 39 illustrates sub-pixel 236 fromFIG

33 Wht h iinage reemBenTilegnairiz avithc300x6Q@ tdtal ped iyl geempivd pixddsis 264; FI G 40
illustrat t | . ti o] filt
et S S SR O S B a ST A B 5o

FI G 8 idasd ®hakitepédd cél0sizO& odiguar e sanpl i ng areas 276. DETAI LED
DESCRI PTI ON 35 Those of ordinary skill in the art will realize that the

fol | owi ng deddf: pt ilbwtrafes amexamnple o6 acaservhent theseneat ¢qll e &VeRe only and
not in any Waf}iGl 5mlﬁs{}9tes g&m&&em&m&%%oﬁagd by a rendering area 246 that
20  overlaps six of the surrounding input pixel sample areas 248;
~ FIG. 36 illustrates sub-pixel 232 from FIG. 33 with its rendering area 250
overlapping five sample areas 252;
FIG. 37 illustrates sub-pixel 234 from FIG. 33 with its rendering area 254
overlapping sample areas 256;
25 FIG. 38 illustrates sub-pixel 228 from FIG. 33 with its rendering area 258
overlapping sample areas 260;
FIG. 39 illustrates sub-pixel 236 from FIG. 33 with its rendering area 262
overlapping sample areas 264;
FIG. 40 illustrates the square sampling areas used for generating blue filter kernels;
30 and
FIG. 41 illustrates the hexagonal sampling areas 123 of FIG. 8 in relationship to the
square sampling areas 276.

DETAILED DESCRIPTION

35 Those of ordinary skill in the art will realize that the following description of the
present invention is illustrative only and not in any way limiting. Other embodiments of the

invention will readily suggest themselves to such skilled persons.



invention wll readily suggest thenselves to such skilled persons. 7 WO
02/ 091349 PCT/US02/ 12610 5 Areal world image is captured and stored in a
menory dewDae/09iBiie i nage that is stored was created w th PoraSkzoemo dat a
arrangenment. The stored inage can be rendered onto a display device using
an array that provides an inproved resolution of color displays. The array

3 S8mr i sed ofeatuBlitihid ¥ By LRR ERLOL AhEEASIR R Al | cast @

blue” emtter ter, a green em whi ch
when i | kwdwbedeatadh withaothe kjaewh@ataramhgeraéﬂt thherormmjgs chobd Radéradan eye.
To determi ne_the values for each emtter, first one nust create transform
equat i oR8to & digplay dRwcs Heng ap Arrat thel prosidescan Haprgvednseolpiion frcols diplaysar e

gener at g, Qﬁaf‘f‘stcﬁi rﬁle@gfﬁpﬁcuralftf bt cd”}é &Ve%&léﬂsghé?zfmé?%l&s{ K'ﬁluQ“ gi nal

data set sanple areas and target di sp ar eas e ratro of
over | ap edéterr(of subspikEld, mééﬁntﬂm&nﬁd a/gbue&nttmr brehicts etlen lubtigatéd Edneblehder nel
r To render t e st d i mage onto the display device, the

arra
recégst%h%r?i“& lr%lilfﬁtcg %i YB#ht¥ed in each three-col or pixel elenent.
The center Offo%%}nﬁl%ctﬂe%lﬁlh'ﬁo‘r Qﬁbhpé}i&%r ‘ﬂrét'one%&?cx@?cettﬂaﬁ%@ﬁﬂ E@ﬁu%s sanpl e

points used to reconstruct the stor Image. Simlarly, | e points
of the ithmhtpkedat ormedf filer klamellsnﬂ“heﬂlteﬂmtnels em(gmenawdthycﬂatqnmmng ths | ocat ed

at the 2Q center of. the tters e center red em.tter). In
ol aci no fHG G of B tschhe el e Sholals aB I er R EL s o o
boundar Yirdat.NeRe Fatiof FovBAa Pk HIiSds AN cddtReAN RIS BNb&aRdS tHeTRter kernel
reconstruction points, creating sanple areas (in which the sanple points

arelat arhp center) The grld that is fornmed creates atiling pattern. The

i ted o, dausree ey Rmpdond i Rletds eIl Aot 1o "

di anondgetefihg@ &t €sthabieacoRr pilehge@ert TiRWeaRY beeachséc@ggﬁic@dn bbin&ﬁ@lﬂ es,
staggered di amonds, Penrose tiles, rhonbuses, distorted rhonbuses, and the

li ke, a0 bedhpiouses er%m@wmtg Pirg tareqopsiEct dheestered imases ShByailnghe hapes.
Th t t t
e Sﬁ”@&ﬁg@%ﬂ&%gfg@g éﬁé‘g&) &a Qeg?saéehérﬁ{mé%) éacm&ohgg%g'cﬂ?hﬂn ?srlgcq&éheat AL 9¢€

di spl ay vi'ng rm ne e two are over e overlay creates
sub2@r easntehefithe amittees (e?@ muhq)mmltaaxﬁ]alrai anees). dn@ita{cing themeoﬁtrubnmut sanpl e

areas. The area rati o i nput to det b her
e ooct Po the et R S emilR et Pabbiask finf ok ey A FORL el s, 1t he
val ue ofeBisG tﬁesrek!&%@u&t%ﬂ"ﬁdlﬁgtcréﬁﬁl I SBRY Pfe éf@ds&%l WRicR WedhpY diﬁ’cstafb at

determ ne the proper value for each emtter. en suffici ent y hi gh
scal i ng theagenter). SThesgrat! thahie fmlmesamlmm TBhecshepasdleaticagbe g8lizret hod

di scl 050y NSk DbaREA adSRrRR! biis hORHGieE Linhres RARHEEY dlifheldlf OF MRt ON
25 hexagons, octagons, diamonds, staggered squares, staggered rectangles, staggered triangles,
staggered diamonds, Penrose tiles, thombuses, distorted rhombuses, and the like, and

combinations comprising at least one of the foregoing shapes.
The sample points and sample areas for both the image data and the target display
having been determined, the two are overlaid. The overlay creates sub-areas wherein the
30 . output sample areas overlap several input sample areas. The area ratios of input to output is
determined by either inspection or calculation and stored as coefficients in filter kernels, the
value of which is used to weight the input value to output value to determine the proper
value for each emitter.
When sufficiently high scaling ratio is used, the subpixel arrangement and rendering
35 method disclosed herein provides better image quality, measured in information
addressability and reconstructed image modulation transfer function (MTF), than prior art

displays.



addressability and reconstructed i mage nodul ation transfer function (MIF),
than prior art displays. 8 WO 02/091349 PCT/ US02/ 12610 5 FIG 1

il lustratwe o/opr3sor art RGB stripe arrangenent of three-ceiCarusp?/xsio
elenents in an array, a single plane, for a display device and prior art
FIG 2 illustrates the effective sub- pixel rendering sanpling points for

t h.e rior artg l?% I?l%s'h‘a gﬁqgggﬂg@%ﬁrﬁé re%%h%en'}ent GF ée by p&él?@rmeﬁts iﬁ , and

5il ustrate t ng sanp I ng area each col or
pl ane ofantdﬂmysaﬂpglelpganppfomhshsfPMy deviceppnd prionart FRER Slustrazes e effagsesab- of
FIG 1. FIGS. 1-5 10 will  be discussed further herein. FIG 6 i]llustrates
an ar r arfjsharnderipe samplingdgroants forrthe PHen st REBEIPCIERERMENRIFIFel nBriot &t one

enbodi myfg, $he 4 Pﬁ' B‘?ﬁgg@r%%e Rid&lvels R re%gieﬁ% szagﬂ#{ﬁ)fn% SOARE gzrcﬁ’&glog! sposed

at the ‘origin’o coordi nate system an rrses a ue emtter
22, two plad: cefnhet faenpding pointafod thenmi@raetRGB sirifeermn@émentiod FBGUE HGSt 1eér 22 s
di sposed the center ertically along the 15 X axis, of the coordinate
systQm ¥ 1§ysse forthegdersinst  second, third, and fourth quadrants. The

red emtters @ gy l?us%{%@‘aﬁ %ﬂ"aﬁgf&rﬁéﬁ? 26 %Féé‘%@ra@ﬂﬁlee‘f 416t PixSUAGhant focofiRt

occupied by the blue emtter.” The green emtters 26 are disposed i the
first andonbembodjozdt. a”HtesthrerweIolorqnm] pleau‘:nbm ishquinktshagpad a:ntlehspoéléldelt Heue

emtter 22.is.r r - shaped aV|n e heXandY
oxes. of G Bt DAPEEYS ST e Sretn b otk sl P2 By el a%ang
green 26;,@MWyblofded ctiferd20E ML %me%%ﬂﬁéﬁzﬁb aﬁﬁgsedﬂﬂ EheAlchRY, VedtidaBP 8RLEeheACr 0SS
a panel to complete a device with a desired matrix resol uti on. Thé

repdat i r?é agiar @éh@m(mdmp"ﬁ%ﬂte@l cgtemding ifiorthe ﬁrs't,(sh@mdethlltﬂo ardifougth quadrantmat i ng

ncross ¢ HASRRE R diPoled b b Rl S B b iele N T B L 26

em tt er hludsitdér. @ﬁkﬁ%re@ﬁéxﬂﬁ&r@% e dies ga&damtﬁet ﬁlrssancsth&ﬂalgg@ﬁ@td nodr shifted
by half of its |engt as represente emtter 28. To accommpdate this

and becssupied bpthedles eraitics Thobhe smities @2 p ipstangvlar éba@e@erl@vw&ﬁ 8 zed bl ue
em tters, o8, Ialoﬁé:ﬁxle%gfr‘c?Y Axb$Hf the cFé)ﬂdﬁ%a{ asg,l o é @{He ggm?sgof%d ihe

ef fective su rendering sa or t ngenent s of
FI G380 6 adcgr&ﬁ26\/dmtterslat@neﬂalkquuﬁe+shhp¢dtrate arrangenents 30 30, 31 of

alternative ective sub-pi xel render s 123, 124 for the
Dl e Col or  pl HHETER AT PHIC DTS B O R e RIS EREE: 6 and 57
FIGS. 7,re&ludhd ﬁe"i’eﬂgéaﬂ%thr% -8614P pREl ditthi € forRe] €hBekdr bGardl Bf AltektitihEat es an
alternative illustrative enbodi mrent of an arrangenent 38 of three-col or

pi xel elredBhasd 3@cn Themittare wdtbdiley empittgesl 22edigirbwied 89erdy agtoss he déviee, bhiue

em tter at half the resolution of the red 24 and green 26 emitters. Every other column of blue

25  emitters is staggered, or shifted by half of its length, as represented by emitter 28. To
accommodate this and because of edge effects, some of the blue emitters are half-sized blue
emitters 28 at the edges.

FIG. 7 illustrates an arrangement 29 of the effective sub-pixel rendering sampling
points for the arrangements of FIGS. 6 and 27, while FIGS. 8 and 9 illustrate arrangements

30 30, 31 of alternative effective sub-pixel rendering sampling areas 123, 124 for the blue color
plane sampling points 23 for the arrangements of FIGS. 6 and 27. FIGS. 7, 8, and 9 will be
discussed further herein.

" FIG. 10 illustrates an alternative illustrative embodiment of an arrangement 38 of
three-color pixel elements 39. The three-color pixel element 39 consists of a blue emitter

35 32, two red emitters 34, and two green emitters 36 in a square. The three-color pixel
element 39 is square shaped and is centered at the origin of an X, Y coordinate system. The

blue emitter 32 is centered at the origin of the square and extends into the first, second, third,

9



35 32, two red emtters 34, and two green emtters 36 in a square. The
three-col or pixel element 39 is square shaped and is centered at the origin
of an X, womeosdinate system The blue emtter 32 is centrerasozai2eéthe
origin of the square and extends into the first, second, third, 9 WO

02/ 091349 PCT/ US02/12610 5 and fourth quadrants of the X, Y coordinate

System afd PRirth Qfadf@e &hd XY Toddimh€ s e OAGHAir of rQPRABe B3 dIsphied (i - €.,
the second and the fourth quadrants), ‘and a pair of green emtters 36 are

di sposedh pppospigopiadpntiaelr dmtseconid agd the foerthignadrantsd andhe paihpf gregu eiitiens s) |,

occupyi th ortions of th uadr ant s. not .qc i ed the blue emtter
5o R 3f ot GendRe o S sRE bR G TR ull Yo BRIMEN Hhepen oo BT8R ng
cor ner s patticat ol titquad@nX ndnsccipRY &Y thé blubenki@erdi Patshowd i FRE.EID, tiud he
opposing pairs of red 34 and green 36 emtters are generally square shaped,

havi ng emiiter32ad diamomd shapefl dedving eoonere pigiedraihegX antl ¥ axpapkihe epordmatehe
sid of the bl emtter.32. T array i.s repeated acrqgss a papel .to
contl ot O i iEe PRt et B ol “Fu e ¥on R GREERRE eREM 2 gaB e

t hr ee- cahwhg piuxedisd ﬁﬁraml?Lféi@ﬁ@@d@érs Boakifs e@fes pataBENDth\gdéLst tBdbmpd 15

green 36 emtters with blue emtters 32 distributed evenly across the
devi ce, eBifters¥2- hal f the resolution of the red 34 and green 36 enitters. Red

L S0 M ST i R 2

the three-color ay is an i npr Ion o col or
di spl aysesolihion. dte werashdiheceatulyr pikels ferth atuthecitee BoardTof Alersatizgitd Bbuid
significantly tg 20 the perception of high resolution in the |um nance

chahhel EFPRP enulERseTiHPlEhemishber digiribgiedeverty aeropsthg dgvicedivhel i ene with
[ ed_and QbR eIFkd R34 1R ERYAS 6 LRIALY! ROR AIIDIL: arll MBCN TERLILRY L O

human vision. D viding the and green emtters in half in the vertical
axi s tofutlerdasén.spati al addressability is an inprovenent over the

conventional yvertical single color stripe of the. 25 prior, art.. An

Sl ternating “Shedanagette Beftdty Sy Gradh o i oBi RhaE SR Loat i
frequengyior afplayt.! Phis ob&urt HEELHTS thdreRAhM ghddR eh@idre BstitAbud B nit@nieid | cal
axes. In order fo reconstruct the image of the first data fornat onto the

di sp0 ay thef pererption of bigh replutiondn thetlumdnanee ehannela sSThysgadyanghedwibaed by t he
i sol ati r nstr Lon ints.q e onet.riG each em.tter
and cr egﬁ'}eneg ﬁ‘““%aa%gﬁpr%c“bé:.oé‘p © %dé?edléfﬁl r%gls%}rﬁgt{s %gm&ﬁo@g%?eg?i;ugﬁgé%%%m of

t he ef f erfstlyanateltion s kuadn @eiopoi nts for the arrangenent 38 of three-col or
pi xel elenents of FIG 10. The reconstruction points (e.qg., 33, 35 and 37
of FIG 11) AMuidingdhe sedepdgiesn anpiersdp half i theveitich} avistoghcrepss spafialt er s

(0 P e B o SEREEIIP M) RIS B 10
25  prior art. An alternating "checker board" of red and green emitters allows high spatial
frequency resolution, to increase in both the horizontal and the vertical axes.

In order to reconstruct the image of the first data format onto the display of the
second data format, sample areas need to be defined by the isolating reconstruction points in
the geometric center of each emitter and creating a sampling grid. FIG. 11 illustrates an

30 arrangement 40 of the effective reconstruction points for the arrangement 38 of three-color
pixel elements of FIG. 10. The reconstruction pointé (e.g., 33, 35, and 37 of FIG. 11) are
centered over the geometric locations of the emitters (e.g., 32, 34, and 36 of FIG. 10,
respectively) in the three-color pixel element 39. The red reconstruction points 35 and the
green reconstruction points 37 form a red and green “checker board” array across the

35 display. The blue reconstruction points 33 are distributed evenly across the device, but at

half the resolution of the red 35 and green 37 reconstruction points. For sub-pixel

rendering, these color reconstruction points are treated as sampling points and are used to

10



green reconstruction points 37 forma red and green "checker board" array
across the 35 display. The blue reconstruction points 33 are distributed
evenly acwog/0913¢9 devi ce, but at half the resolution of the/usez128% and
green 37 reconstruction points. For sub-pixel rendering, these color
reconstruction points are treated as sanpling points and are used to 10 WD

02/ 091348 JRtd{ M@Qﬁé&%@%@n@liﬁg Ak foach BSIoPHIRE tiiéh SR MRl Qeg;?iﬁ@i f gi‘IG? ach

color plane, which are tréated separately. FIG 12 illustrates th
ef f ect i 18 ilbustrates drepdifactve bluatsamdltng panis dé fomdispondiog tol hiee reecmstimtiiorct i on

int 33 of Fl | i 44 for the bl | | ane, 42 f
Phe T eoBRdt Phet Tish T Andytanine dees 3 TR uE byt Alior fe KscBrittit 1 on
POi Nt'S, afhe oIt MUMERE H RGGHY éri@@f 1e0BhRFuctidn BoifiURE il bdthdahG 13

illustrates the effectivé red sanpling points 51 that correspond to the red
r econst pedmenispoiquers ghl.of FIG 11 and to the red reconstruction points 25

of G 7, a the.., effective sanmplin reas .50 2, 53, an 4 for the red
ool 30 bt ane- 40" ihSlaiEt o TaSRPed Satig il 50,0 eopdiiioti i s o
the di spdcdustRRUBA Pbhts FNGIBFIGMI Y Rhdtd {A6 réPRESRkruatidrapoiits 25 UREIG.aRhd B 9rid,
the sanpling areas forma square grl d. Because of "edge effects' where 15

t he squéaffectiyeisdmpbng areay 80.158p53: ad B deithe yedofolerdanti Ap| g sampbng peiptss ar e

adj ust e Kk > - 0 Njm h per. r of each
el e (b g8 Serd Mo RAAF RS, BN P ek Rark, 3RO AR heDERTRRED o, D
areas 5Sthehanplinferidadie sanplindseSA0Rh Q sgu/a $rid2 BechiByor @dge SHEGN vidt€as 54
has slightly greater area ile sanple areas 53 in the corners have

whi |
sli ght | yhe sgyare end; wodd exerlagp th%a%@aahoféhf% display nthe shapes ars adhistedig kepn a

P _ ; . \ ot
0D VRRRTRLERnRESRE (b 1SR of SRUSRAIAL 1100 CriBEAG 0 2

hundr edsheafantpixoarsanel il feoealithdt sangle afeae 0 htver the shthe areeas sarmple hteab882,m ni nal
and lost in the cqrners the image, FIG 14 illystratgs. the effective
G cen” SURBPTSig BN ESAS Y bt chr Pedistras BInRTCHRES TEEIHSE D] on
pOldnt S %Zvé)gliglﬁ{lﬁes;.lTﬁﬂ%o%@in%@u&rﬁeeﬁ‘rdrﬁﬁQﬁ‘a?tttl'iéJ@iryiﬂg dRQ@ivitHsEn & Qhpld G 7,

an 25 the effective sanpling areas 55, 56, 58, and 59 for the green col or
pl ag@ 6ereas A3 pelt be omeroeprefinG&d Whilewdrying datadh simplesiweas Sémtilldk underi [ ar to

FIG 13, it h e sanme s e ea relatjonships, .Rut is rotated by 180.
These arseaRanEQ sy o ¢ Aapes sRhTRIER S SRRMAG milinhs b bR B ar cas
woul d  bast wilkbds@einy afll RBh ¢l GPhdrvarf Bedinh@st |y to generate high quality
i mages, convertlglg 30 graphics primtives or vectors to offset color sanple

pl anes, combFHPnkt Blustsricnihe cHaghyeigiern BEPHAR GOBS W DA CORESRAAP IiFetpet nt s
o o SRon AL 700, LRSSk SN 1wy
woulfl  the effective sampling areas 55, 56, 58, and 59 for the green color plane 60. Inspection of
FIG. 14 will reveal it is essential similar to FIG. 13, it has the same sample area
relationships, but is rotated by 180°. |
These arrangements of emitters and their resulting sample points and areas would
best be used by graphics software directly to generate high quality images, converting
30  graphics primitives or vectors to offset color sample planes, combining prior art sampling
techniques with the sampling points and areas. Complete graphics display systems, such as
portable electronics, laptop and desktop computers, and television/video systems, would
benefit from using flat panel displays and these data formats. The types of displays utilized
can include, but is not limited to, liquid crystal displays, subtractive displays, plasma panel
35  displays, electro-luminecence (EL) displays, electrophoretic displays, field emitter displays,
discrete light emiitting diode displays, organic light emitting diodes (OLEDs) displays,

projectors, cathode ray tube (CRT) displays, and the like, and combinations comprising at

11



benefit fromusing flat panel displays and these data formats. The types of
di splays utilized can include, but is not limted to, liquid crystal

di spl ays,weukiemar i ve di spl ays, plasna panel 35 displays, PCT/US02/12610

el ectro-lum necence (EL) displays, electrophoretic displays, field emtter
di splays, discrete light emtting diode displays, organic light emtting

the 11 koG o et S Bhp e s SRR B b S Bl 362510
| east ongaphicsisbwheneeni Rgacl &th satsple Ry efiginallichased of lite uso st @RTeds base of

graphi cs and graphics software uses a | egacy data sanple format originally
based orhe reeonsgectism disptay.as  the reconstruction display. FIG 15

illustrates a Q[TB: [ 4 ' ' A0pl-p areas
72 for a pr ?chr} gi@%%t?%%ﬁs da a§r@%ﬁﬁl&f&é&tgzg\%ﬁ@%frﬁfggﬁ\g«%‘%a@}%en1 F%nd bl ue
val ues dbea priorait ol aata fdEm&PAL ihavhicledhe red, igfsen gandchlas dalGes-dré1on aiesgual | n
prior art display systens, this formof data was reconstructed on a fl at

pandf disaplahyesphitian aid gndispirridans Haprior prtshsniayctysieBISothisfosmet diaadvaspr i or

art RCB ' el oof ey j . resol ution
of each ré‘%:oél F%r&t@ﬁc@- %fl%eﬁah%adslg@%gbi %%%ﬁ‘%{g‘@sdé‘gﬁpff%rﬂﬁ géh%osl% %lgrlggotrﬁ aﬁg t hree
sub- pi xglr®r b RGB svipapanel bbtighypenspwadn FIGE Lt bxdFle. 41 thglresohivhiofiesthand

intermngled muJtji-color pixel while ignoring 15 the actyal reconstruction
poi nt GBIk SBREAH vk 6B 8 teBp oaeT It AT PE T SO it B B
referregyd hggeytéaﬁst'id}{%a'a\éﬁggfg&abﬁa&d aﬁtﬁlnlﬁ%mhg@aﬁ mgm-éowyaﬁkaavﬂﬂlqumgt i onal

informati o t he sub-pi especially the red and green. In contrast,
t he 15 nc ol mguaRGBoustuation poine pprigsesmif cagipddlaaubarixel.s It the attethisis oftbn ee

pl anes over i ng, e .ot her..,, To, covert e data fromthe,. f or , each
Dl ane i eret it S Ak o nE SRk, TRE iRied A bieReH BT PRSI 5i nal
prior al’tflegﬁtﬁ%ls,(é@pécﬂ@lyrfﬁéﬁgﬁnﬁig}é@m sub- pi xel arrangenents of the
present application requires a conversion of the data format via

resanmpl i ng. Theomesk thesingeaingdi @B data of trerprasenpapnlisatiomisireated apthrgput of each
| : co htirg T . ; | . o
spati ol T quirdyRg FEOIhLT e BN ] b RO i cadtCmAs a0, £ 00

may 2be ts?@rstalye Digplaydhg {rgo@ndtiondtore @eloripitiad prior AbfaaApbethieandit effitsentd | | be
described below. FIG 16 illustrates the arrangenent 76 ofl?)ers{?rrpl e points of
FI G 15 sBbrepehpapngrments of hapipicrbrPRtispiénsy savisesAsion Vsionad therataiormatyg 37 of

L, LR, e SRTBLE O o )y e RO LS SRR
35) and iga seighfing ewtior obihstinpt dhan Depemtisg 87 yhe'sphigad Kequirmyradthear ray 30 of
PG LBl Gl LA B8RS T ARASTR e £ e 3RS ROL Y S
25  sample point, as will be described below.
FIG. 16 illustrates the arrangement 76 of sample points of FIG. 15 overlaid on the
sub-pixel rendered sample points 33, 35, and 37 of FIG. 11, in which the sample points 74 of
FIG. 15 are on the same spatial resolution grid and co-incident with the red (red
reconstruction points 35) and green (green reconstruction points 37) “checker board” array
30 of FIG. 11.
FIG. 17 illustrates the arrangement 78 of sample points 74 and their effective sample
areas 72 of FIG. 15 overlaid on the blue color plane sampling points 46 of FIG. 12, in which
the sample points 74 of FIG. 15 are on the same spatial resolution grid and co-incident with
the red (red reconstruction points 35) and green (green reconstruction points 37) “checker
35  board” array of FIG 11. FIG. 17 will be discussed further herein.
FIG. 18 illustrates the array 80 of sample points 74 and their effective sample areas

72 of FIG. 15 overlaid on the red color plane sampling points 35 and the red sampling areas
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areas 72 of FIG 15 overlaid on the blue color plane sanpling points 46 of
FIG 12, in which the sanple points 74 of FIG 15 are on the sane spati al
resol ut i omogeigh3and co-incident with the red (red reconsPCRAISOLM6POI Nt S

35) and green (green reconstruction points 37) "checker 35 board" array of
FIG11. FIG 17 will be discussed further herein. FIG 18 illustrates the
array 860047, $8MUIESAH FIGS 19, 4n ¥ tesAimBleiRaHe YLoSAR!IS o SR sddeOf FI G

15 overlald on the red color plane sanpling points 35 and the red sanpling
areas S$patiaDra3plu0ion 346 aRCI¥-Rtdnl 2#8hohe BdiGkd rBnsGEa;ticampiBg 39fandigienl3, in

whi ch th | i.nts .74 of . Fl 5 ay, tial | ut i
or 1 0 antEigeh TRerRRt ot paifs otk chstker bgarth Ged el Fie oS Ri drk Bt S e
(green EREAREMSLICOMPRAINESvE? fhe cHMEdR bribRal dhmpdd pait T arfd i3 sadnble The

inner array of square” sanple areas 52 conpletely cover the coincident
or i gi nakres@dpisevedoasrextepd taprier e quarisi eachaofdhe srraysding|shmale assasévidhbato cover

one,quar.ter . h of the rr.oundi ng sanple are 4 that. 10 |ie inside the
el 13 S S O e o R S R TS A

over | apovédaph BetlRWuRktk sEaTP hea 082,33, 0P o thedhpitbafyly artdR2 isnpetrdeanpl e
area 72 is recorded and then nmultiplied by the value of that correspondi ng

sanpl e pod HienTaulipdeddppihe sejue of thabcorsmsppriing savitle painka* aml appiegfaghe18, t he

area of | g<a fiy] | r.al,, =0OfF i .~ nput
ol o SPOPHEAETERSTIFPIC S W B8 o¥alilE SGERR e o i) A6 LORBA. 1 CP1
cor r esposiitidgnts aippt eanpié tiea 34 i3 alholl dguptel sathplyarens2. MBids, (hervalie DY theBy
i nspection, the area of sguare sanple area 52 filled by each of the

t

sur FdUNEPHEFPORGINE SHRIIPRY: 4 15 mplitpligd 8% onghalf Lor Oone By ighrastipn theareash each.
Thus, t f i i i sanmi i .S

mul b pi S S8 el R RRADGE 88 shUindhilf bn SEREIENP LM Beddea 55 |

pr Fvi ou fsnwailghth (of 6.1@5)| ewhaji“hmshemdl%d qg] thed(;]ﬂoqspgnch‘l)g famr rripmd s;rhpie pbiénad 74(;ut put
val ue of a givyen. sanple, poin . or, the e oi nts an
Vhelr fivRuEiniERoR SRErEnBanh 138 These Ripsoctra it aofcii TR Be Bibus w52 i s
conpl et eég Y Gl ﬁnﬁ%plieﬂ by I@‘."55) GAFifid 4RsSGHAl Bﬁfi)uﬁ@eﬁl\(@af epgifveﬂ’ Eﬁrﬂplé BBE@SS.
surroundi ng i nput sanple areas 84, 86, and 92 are overl apped. One of the

ove?® apped i diouthe eslgerpireple peiats Fvanddpeis Size sided samplp greak Softhe prineidergut
sanpl e area 50.. The qei ghbor input. . | [ nd. 92 al.ong the
cdge. r e DHELeRPole A2 OBOR RN B Se T o3E HiPp S R e e,
As bef og@rotdigngBpaiiaathleatasest, 86, dnd®2 apuieriapbet SOrdof the bvérgpey iphapped
sanple areas 72 are added to give the value for the sanple point 35. The
cor ner s SHRBleaERAg 34 reRIpIFBISOng eEehih ebihe Quirnbsaple areaPc dhe meighbering gputt he

i mage t r ?ggje : . ar i nt than

t he centgr a leaa? %‘aggagg&g%gﬁ %é ge dgré Zgére%egi?ﬁ?ﬁ&ﬁélgtﬁsﬁé%6 of(ﬁ%ffgs %ﬁ%ﬁt sanpl e
ar eas 86}1tp88areﬁ Bacd Zé,;s lSMor_thﬂie vatight@Bvaliids| of ke BPuidvalifes7drftom theprvefapreidon t o
the pr e\s/elugp ela¥eacsi,e7§ca¥fel el?(ﬁicejd to! il\JI(ta thseavrg?llleefo?gheeas%m%?e’ po?rf't’35.86’ and 92. For

The corners and “near” corners are treated the same. Since the areas of the image

that the corners 53 and “near” corners 54 cover are different than the central areas 52 and
edge areas 50, the weighting of the input sample areas 86, 88, 90, 92, 94, 96, and 98 will be

30 different in proportion to the previously described input sample areas 82, 84, 86, and 92. For
the smaller corner output sample areas 53, the coincident input sample area 94 covers four
sevenths (or about 0.5714) of output sample area 53. The neighboring input sample areas 96
cover three fourteenths (or about 0.2143) of the output sample area 53. For the “near”
corner sample areas 54, the coincident input sample area 90 covers eight seventeenths (or

35  about 0.4706) of the output sample area 54. The inward neighboring sample area 98 covers
two seventeenths (or about 0.1176) of the output sample area 54. The edge wise

neighboring input sample area 92 covers three seventeenths (or about 0.1765) of the output
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the smal |l er corner output sanple areas 53, the coincident input sanple area
94 covers four sevenths (or about 0.5714) of output sanple area 53. The
nei ghbor iwo o2/opi389 sanpl e areas 96 cover three fourteent h®Crarsozasu

0.2143) of the output sanple area 53. For the "near"™ corner sanple areas
54, the coincident input sanple area 90 covers eight seventeenths (or 35

abous 04408 )ar&f 54, hﬁm%ﬂn@éﬂinﬁﬁ@ﬁh e AfBBZAverk T8l RVEHIEENARI (BPRRIL 0235HD! €
area 98 covers two seventeenths (or about 0.1176) of the output sanple

ar ea 54 of Tleoutuigsamplearean®t. ghbbaforegthe ysightehvghes ofrtbalndt vadvesi’4 frdm de
sevent eent hs r about 0.1765) .0of the qutput 13 WO 02{091 PCT/ US02/ 12610
5 sanpl é’V%Paé’BQ‘gim@ﬁé‘f%?Bﬁﬁé’fe %dﬁlﬁéfo Y ee‘paﬁjreeér g samp r%ml%é%r sevent eent hs
(or about 0. 3883culfioh & tA tdbthpiSa G tBe 8Fc8R cObr pRiiec PRIBS® in hBgnitei ght ed

val ues of the Input values 74 fromthe overlapped sanple areas 72 are
added t snagherebetiibe pulpuesdngple pivay isantpled bydi®8At. 35. The cal cul ation for the

res ling of, th reen col ar ape oceeds in simlar nner .- but the
out gt sanp! doaras & el RlaPonisf 5 Bl SFIE Fol a8 a3 BepfbormtlF BHFLST ons 1 or
t he redvamasnhe peb e folfowand green sanple point 37 values, Vont, are as
follows: Central Areas: Vout (CXRY) = 0.5_V,n(CXRY) + 0.125_VIin(CX-1RY) +
0.125 VIn(CXRY+1) + 15:0.125 V;,n(CX+1RY) + 0.125 V;1(CXRY_1) Lower Edge:
Vont(CXI%X%l _Fé%e% .V, n(CXRY) + 0.1875_V;n(Cx_1RY) + 0.1875_V; n(CX+1RY) +
0.125 V;n @ 1) Upper Edge: 20 Vont(CXR1l) = 0.5 V;n(CXRl) + 0.1875_V;

n(CX_1R1) + &, J@SRY;=n0.EXRIICR ) ©0.125 SZFCV,RY €DRRS K aNR Bdge: Vont (CXRY) =
0.5 V:n(CRY) + 0.125 V-, (Cx 1RY) + 0.1875 V:n(CXRY+1) + 0.1875 V:
n(CXRY 1) 25 Left OB¢geVillor RoY tPRWul&:B,-: n( CLRY) + 0.1875_V: n{ CLRY+1) +
0.125_V; BQV%?B(%@-F 0. 1875_V; n(C1RY_1) Upper Right Hand Corner: Vo"t(CXRY) =
0. 5714-\]71 n(CRY)] + 0.2143 V;n(CX_1RY) + 0.2143_V;n(CXRY+1) 30 Upper Left
Hand Cor ner: V(CR,) = 0.5_V,,(C,R,)) +0.1875_V,,(C, R,) + 0.1875_V,,(C..R,) +

0.125_V,(CR, )
Upper Edge:
20 Vol CRy) = 0.5_V,(CR,) +0.1875_V(C,,R)) +0.125_V,(CR,) +
0.1875_V,(C..R,)
Right Edge:
VoulCR)) = 0.5_V,(C,R)) +0.125_V,(C, |R)) + 0.1875_V,(CR,,;) +
0.1875_V,(C.R,,)
25  Left Edge:
Vol CiR)) = 0.5_V,,(CR)) +0.1875_V,(CR,;) + 0.125_V,(C,R ) +
0.1875_V,,(CR,.)
Upper Right Hand Corner:
Vol CR,) = 0.5714_V,(CR)) + 0.2143_V,(C, R ) + 0.2143_V,(CR,,))
30  Upper Left Hand Corner:
Vou(CR) =0.5714_V,(CR) +0.2143_V,(CR,) + 0.2143_V,(C,R)
Lower Left Hand Corner:
Vol CR,) = 0.5714_V,(CR )+ 0.2143_V,,(C,,,R)) + 0.2143_V,(CR, )
Lower Right Hand Corner: )
35 Vaul CR,) =0.5714_V,(CR)) +0.2143_V,(C_R)) + 0.2143_V,(CR,))
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Vo" t(ClR1) = 0.5714_V;n(ClR1) + 0.2143 V;n(ClR2) + 0.2143 V,n(C2R) Lower
Left Hand Corner Vo' t(CXRY) = 0.5714_V:n(CRY)+ 0.2143_V: n( CX+1RY) +

0. 2143 V,wW0@xB¥319 Lower Right Hand Corner: 35 Vo t ( CXR¥CTAIS02/12610
0.5714-Vin(CRY) + 0.2143 V;n(Cx_1RY) + 0.2143 V;n(CXRY_1) 14 WD 02/091349
PCT/ US02/ 12610 5 Upper Edge, Left Hand Near Corner: Vo"t(C2Rl) =

0.47¢6 \(jlﬁ{e@gga LEft WA P ReaY kel Rl ) + 0. 1176 V;,,(C2R2) + 0.1765_M n(C3R1)
Left Edge Upper Near Corner: Vont(Cl R2) 0.4706_V:n(ClR2) + 0.1765_V:
n(C1lR3) + 0. ME,.Ry), ,Q@?@Q)VI&CZR_IOWMBV\&G]ROER@JI[@NIH(E@+ Lower Near
Corner: V., (CL1RY) 7% %F&S ln(CI RY) + 0.2353_Vin(ClRY+1l) + 0.1176_V;
n(C2RY) + O. 17650‘v1 ?6 Lower Edge, Left Hand Near Corner: 15

Vont(CZIi)g}tE-d N&BC@%BY) + 0.2353_V; n(C1RY) + 0.1765_V; n(C3RY) +
0.1176_Vin( Lower Ri ght Hand Near Corner: Vont(CXRY) =
0. 4706_V, n(Cl-W)t(Clr 9#_06%064\2((@;&2)&@()765_%@33ﬂwﬁém,@&% 0.1176_V;

n( 1) 20 Right Fi%gg @gr Near Corner: Vont ( CXRY) 0. 4706_V: n(CXRY) +
0.11%% V1n(CX 1RY) -¥8 n(CXRY+1) + 0.1765 V;,, (CRY_I) Ri ght Edge,
Upper ngéwer\mégr@aﬁlfér) = 0.4706_V;n(CR2) + 0. 1176 _V;n(Cx_1R2) +

0. 1765 Vv, n( &31 2353V, n(%)f(% vaer Edge &t Hand Near Cor ner:
Vont (CXRL) = \ou&7B9 wﬁzma@mﬂ ACER,:DR19- 1170 PR VR CXR2) +

0. 2353V, n(C><+1R1 ng @&Bg a)re t he chromanance val ues for only the col ar
of the sub-pixel at , represents the xth colum of red 34 and

green 3G.cwubEdpdlest Mad Nyar (I‘@ﬂéresent s the yth row of red 34 and green 36
SUb-lgi xels, r:,},Jt(SC I?%RYO Eﬁ 6r esf(?:tRyt) f_}_eo 2r35% _Vi(CR)) +0.1765_V,(C;R,) +
0.1176_V,(CR, )
Lower Edge, Right Hand Near Corner:
Vad CR) = 0.4706_V,,(C,R,)) +0.1765_V,(C, R,) + 0.2353_V,(C,,,R)) +
0.1176_V,,(C,R,))
20  Right Edge, Lower Near Corner:
Vo CR) = 0.4706_V,,(C,R)) +0.1176_V,,(C,,R)) + 0.2353_V,(C.R,, ) +
0.1765_V,.(C:R,)
Right Edge, Upper Near Corner:
Vou(CR,) = 0.4706_V, (C.R,) + 0.1176_V,,(C,;R,) + 0.1765_V(C,.R;) +
25 0.2353_V,(CR)
Upper Edge, Right Hand Near Corner:
Vo CR;) = 0.4706_V, (C.R)) +0.1765_V(C, ;R + 0.1176_V (C.R,) +
0.2353_V,(C..R)
where V,, are the chromanance values for only the color of the sub-pixel at
30 C,R, (C, represents the x™ column of red 34 and green 36 sub-pixels and R,
represents the y* row of red 34 and green 36 sub-pixels, thus C,R, represent the red
34 or green 36 sub-pixel emitter at the x™ column and y™ row of the display panel,
starting with the upper left-hand corner, as is conventionally done).
It is important to note that the total of the coefficient weights in each equation add up
35 toavalue of one. Although there are seventeen equations to calculate the full image

conversion, because of the symmetry there are only four sets of coefficients. This reduces

the complexity when implemented.

15



34 or green 36 sub-pixel emtter at the xth colum and yth row of the

di splay panel, starting with the upper |eft-hand corner, as is

convent i owalokgodame). It is inportant to note that the totrall/ush2/1ieeo
coefficient weights in each equation add up 35 to a value of one. Although
there are seventeen equations to calculate the full inmage conversion,
becagse of thegs ayBaBiliY, FIS! £ ﬁl’iﬁtrét@d the BHHﬁ 2Rh879bf &a81d b&h8MSnd TﬁEuS
reduces the conplexity when inplenented % WO 02/ 091349 PCT/ US02/ 12610 5
As st at edfeetivd jagmle Fp@. 721f FIG. U5 ovatad on e kine e@igeplem sangplivg pemmtpteoinoi nt s

74 and t .effective s nple a 15 overl |d on the,blue
Col o plTaf 12 A it SRR BageS £ ORI 1S omingsimnd SHival uiniion B¢ Red 74
of Fl G cboindidentaiitH tAE r&?@&i %@%dtﬁbtlé&?&hﬁd@w ancggﬂesn edpebn &@oﬂsﬁﬁétﬂﬁ\fﬁo_lﬁfté th
the red (red reconstruction points 3 reen green reconstruction

poi nts 5dﬁ&h@&b@ﬂ”bﬁ@y@fFKﬁﬂéyTbﬁbkw@mﬂmGIKW@SB QeFKanig dlopahablie46 of

i 205 2 satofelinbdf @ Wiertnt B S Setfon 1o s ¥l Bt BRimO e AR RARW O,

sinply tdwu@rdshiip®taica Wia isafimplyahs Bifheisfid inftdn bF He siabueEn®blue vhReosf gi nal
data sanple points 74 that is conputed as the value for the sanple oi nt 46

of thet ege@pﬁléhtaa@ﬁ@éepqm@ 7H|th@1®e@rpmted/aqthevalvetﬁ@rthe@amglamnw e nts 46
is cal c%g}ees\gmg%di}% 15 Vovt (CX+_RY+) 0.25 V;,,(C.RY) + 0.25 V,

n( CXRY+ CX+1Ry) + 0.25 V,,,(CX+1RY+1) where V.,, are the blue
chromanance VEtettgise @ftpﬁtrvel@um;upwfdamgld Ptk 46 w’q@t@ﬂatabasnﬁoﬂow CX
represents the x ' _cal um of and_ RY represents the y'

r owl8f sanpl e @EQXHB@ 720 %tgm@R@WEQ—Yh(@ ]&m)é“r() PofYi(ar®) dorner, as is 20
conventional |y dong g hlue sub- pi xel cal culation, x and y nunbers
must be odd, as there i"S BhI/ one bl ue sub-pixel per pairs of red and
green sub-pi xel s. Wgat N, ardwmetbdneadhrmhandnee ededsfofchentrroumdinghitpsit samggual to

| f T ht th fi t tral
Squat fon for T P agratgR e COBaRas seipglecbist il hrosbesits Re Y nage
created, and Iawfxarﬁﬁtetpelﬂttm Cseatﬁﬁg'atwhemr@eﬂeﬁt@ﬁa oBrnekSis if he process of

bi nary shrft di vi si on, .5 is aonebit shift to the "right", 0.25 is
atwg bit smoflt/elttlon%lhedonﬁrght" and 0.125 is a three bit shift to the

"right". Thu r| extr i.nvaol

i mmle shitt R oaE B A Rt £ P g TR o B3 ek SpAR e
addi t i orbled subhsix& wer @djﬁdjfﬁgd PhKgledn bcetsba mrmieebtenotfthé sbaffid&0ntf ol | owed
by a single three bit shift to the right then the single bit shifted

cent ral Weighis i egual to a value of one.
The weighting of the coefficients of the central area equation for the red sample point

25 35, which affects most of the image created, and applying to the central resample areas 52 is
the process of binary shift division, where 0.5 is a one bit shift to the “right”, 0.25 is a two
bit shift to the “right”, and 0.125 is a three bit shift to the “right”. Thus, the algorithm is
extremely simple and fast, involving simple shift division and addition. For greatest
accuracy and speed, the addition of the surrounding pixels should be completed first,

30 followed by a single three bit shift to the right, and then the single bit shifted central value is
added. However, the latter equations for the red and green sample areas at the edges and the
corners involve more complex multiplications. On a small display (e.g., a display having
few total pixels), a more complex equation may be needed to ensure good image quality
display. For large images or displays, where a small error at the edges and corner may

35  matter very little, a simplification may be made. For the simplification, the first equation for
the red and green planes is applied at the edges and corners with the “missing” input data

sample points over the edge of the image, such that input sample points 74 are set to equal
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added. However, the latter equations for the red and green sanple areas at
the edges and the corners involve nore conplex multiplications. On a snall
di spl ay (wog2/9s4di spl ay having few total pixels), a nor@caargt/eeciequati on
may be needed to ensure good inmage,quality display. For |arge inmges or

di spl ays, where a small error at the edges and corner may 35 matter very
littke, L : = b first
equat | o o e Ve e R o ner s
wi t h t héldcki Q“imsrggonthmmaﬂaﬁ implepeptewithicasesinguftwatehfrmdge, mfhatcﬁwamrrage

such that input .sa oi.nt are set to .equal 6 WO 02/ 091349

PCT/ US02/ 12630 B opRE B I erehg Tl tes 1 15RY AddiSye, PR ERiE Bl y. ¢ he
"m ssi ngpp ﬁﬁie%' F‘e’%d@ﬁ:)(g Bﬁst%koh@le@éc%éfore gﬁﬂhﬁa é’ér&%bﬁ hmdTE0t ?E’t@ of TRl BpTNt ed
with ease in software, firma or hardware. I's Inmportant that the

chr omanatgoeithra Im@sfetxiamlto he grinynaadict fimetablesaHi gaglméhatrretctlen ispetfopinsd|
ren€§ri gfg nmust, be | et ed bef ‘Ffﬁ anmua correcti Oﬁk 1The out puts of the
abo @6? PR BEg: VBT 1‘88‘??%&‘“&8 CHEBADHEERA 8L f ganmma

correction i F1Gg8r i@éxﬁ?ﬁb dsthed Qﬁ&al%é#@atﬁ)e%‘ang&ﬂéiﬁ (000102 BEXRQAS Blints 74

chromanance errors are likely to occur. FIGS" 19 and 20 illustrate two
al t er nath¢ éhearerfémgmrée agas 72 00F16T. 18 mpﬂ@dpmthﬂ lslueaoloanl@n@ mphrgf fective
sanpl e areas,7 K e i t he | ar eas
23 or At 23 LR Y e il FhRbu Gl bOBs 1A 5 G5 R s BP0 e

sane s paésbainonrgeﬁ:lcdnutdoqmgém ittHe ﬁéll-arﬂCgrQ&mctheh bbdre” 51@@51 @thg 7 @G,
"checker board" array of FIG 7. FIG 15 8 illustrates the effective

sublpi x SiillpErrirsthe gff%wg S¥hpixghERderEapIping Reede 12 hbahhayemminaymiar y
t | RG 7 f
Phe ar Paindl phiifels 6y 68l Ml MaRAIREURE PSS RIS, 10 B | T 11

coef f i ciaahgenpenn ot editeasind®Sc6.i bed above. The proportional overlap of

out put sanpl e_area 3 in that ove each i ut sanpl e are 72 of 20
FIG 19 are eé’éﬁté‘?‘é raﬂaula%%th8§0%38@%ﬂrsoﬁra?f@ d s leger "t?ﬁsl Rguation or
filter teh 0 I 74 in
the fol :f)gé ? éor%a;[ gﬁe;r gQﬂ%ﬁiphﬁ%a?{ﬁ%ﬁ a@é@li@‘in thﬁ dv@ﬂaﬂ)é_(aghgﬁplﬁ %‘%Hf)l\@/ai’e%(m RY) +

0. 23837%1€, 19 @@Wplawdcandmovffm@ts ﬁa\@ transf(ﬁm ms@@ﬁor\t;ﬂtﬁ(r@men RY) +

0. 01562 234375V n 0..23437 n(C'+, RY+,)
oo et ot by SR RS B 7 e PR AR e 1 e
to perfegmddaese calculations rapidly. For exanple, the coefficient

0.015625 i s eqU|vaI ent to a 6 bit shift tothe right. In‘the case where
sanpl e poi nt &Vead:aR,D1 70010923 ¥in R Q3MEB3 TSN R,reQc134875AV: dﬂm&énd

fgcggg't ?52: i O‘r’]"' |to2| t(?‘?ng%% BE JREFRBSHI 45! AN (@ORILF+ 6213379 9I(@R hH9r een
25 0.234375_V,(CiiR,0) + 0. 015625_V,,(C, R .1)
A practitioner skilled in the art can find ways to perform these calculations rapidly.
For example, the coefficient 0.015625 is equivalent to a 6 bit shift to the right. In the case
where sample points 74 of FIG. 15 are on the same spatial resolution grid and co-incident
with the red (red reconstruction points 25) and green (green reconstruction points 27)
30  “checker board” array of FIG. 7, this minimum boundary condition area may lead to both
added calculation burden and spreading the data across six sample 74 points.
The alternative effective output sample area 124 arrangement 31 of FIG. 9 may be
utilized for some applications or situations. For example, where the sample points 74 of
FIG. 15 are on the same spatial resolution grid and co-incident with the red (red
35  reconstruction points 25) and green (green reconstruction points 27) “checker board” array

of FIG. 7, or where the relationship between input sample areas 74 and output sample areas

is as shown in FIG. 20 the calculations are simpler. In the even columns, the formula for
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30 "checker board" array of FIG 7, this m ninum boundary condition area
may |l ead to both added cal cul ati on burden and spreadi ng the data across
si X sanplwom/opsints. The alternative effective output samgrasaresid24
arrangenment 31 of FIG 9 nmay be wutilized for sonme applications or
situations. For exanple, where the sanple points 74 of FIG 15 are on the

samesspabicflaihe iRl Bikd Qgggfggglgwggoiﬁ@ 2% ACide8Ha1 W thb féifid &eldpeda s 7f§)r

reconstruction points een (green reconstruction points
" checkerFIGo#r. dIh the pdd colomnk k8. cakulation fidrdr1&. £Adés asefolowsinshi p bet ween i nput

sanpl e areas _74 an t LS in FIG 20 the

calrrEuI ations ‘éﬂ@@gns:ée(g%+ii%?éﬁ—§m¢m§§+M@k%@) for 17 WO

02/ 091349 PCT/ USO@{%ZQ/}QC +1‘rRyafal cul ating the bl ue output sanple points 23
a’de

is identical to the formnuf vel oped above for FIG 17. In the odd
col ums the delwublatheabovocalil@iondon HGas 19 end 2dwsre ddne f¢raie Rreral case of

0.25.V, CX + 0.25 V, + +.0.25.V, CXRY-1) + O. 5\/,_ CX+, RY-1
s 00 ML i Rt 100 i s bt A odSETll i mOgREiGg S ks < )
gener al t6agBrR Forndilad éleasﬁgigl%ticﬁlls aBATRhEy MiRDf Sdfiple HomtE M 6H1tRS dapRDr e t he

|

edges will require nodif ions to the transformformnulae or assunptions
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deser 1 0E0 200 YoRL RO, 8 PR BBl RIS, 172

and their ef S piX T format is
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arrangenent o , a single sinplistic transform equation cal culation
f or 20eactithothe pad (redirepbrst@36tios poiots 28| 3Dwed grddovgneen recgestaictibi pdinty A7H87) et hod

used to .generate .each of the calcul ation based on the proportional area
cover ed ‘lg_gecgﬁrtq?? %s%fagloce%gﬁdl?ﬁf iiftrf’scpﬁft.lveg% This is true if for any given
ratio of inpuh tHiQa@sigetient HEEIE. Zz,mléhih&plish@&ﬁnifbﬂ edfafioft @BMAtior fbrt he
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25  This is true if for any given ratio of input to output image, especially those that are common
in the industry as standards, there will be least common denominator ratios that will result in
the image transform being a repeating pattern of cells. Further reductions in complexity
occur due to symmetry, as demonstrated above with the input and output arrays being
coincident. When combined, the repeating three-color sample points 122 and symmetry
30  results in a reduction of the number of sets of unique coefficients to a more manageable
level.
For example, the commercial standard display color image format called “VGA”
(which used to stand for Video Graphics Adapter but now it simply means 640x480) has 640
columns and 480 rows. This format needs to be re-sampled or scaled to be displayed onto a
35  panel of the arrangement shown in Fig. 10, which has 400 red sub-pixels 34 and 400 green
sub-pixels 36 across (for a total of 800 sub-pixels across) and 600 total sub-pixels 34 and 36

down. This results in an input pixel to output sub-pixel ratio of 4 to 5. The transfer
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coi nci dent. Wen conbi ned, the repeating three-color sanple points 122 and
symmetry 30 results in a reduction of the nunber of sets of unique
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The 15 game procedure will produce an identical set of coefficients for the
arrangenent 20 of FIG 6. The following is an exanpl e describing how the
coef fi ci ent s Thedoldaliag lisireckamypde desctibimg hgeahe todfficionts hadcaledated, neshgalhove.

FIG 32 illustrates si.n 5x5 peat cell 202 fromthe | e above of
conver ¢ EREIET AR ISR RS Flfaos MBS T sarrriale SRATPFA ScRE BT 86x 600
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by solid ITnes 206 indicates the location of a red green sub pixel that
mus £0 ha\38036aiptadfedrnd fefdeni soh tpixels dfash|of thedbquath isgb-pinglsc Oddepuindesl Bsddidt s of

coef fi ci.ent 0 .be calcul ated,. were it not f.or ne . FI 32 .wi.l 1 be

i Scuss it f0%Bedtiss MeibeqtioBs 388 Br koo Rl nigh AR et it 5 icatne
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formfor filter kernels as used in the industry, the filter kernel for

sub- pi xeympEgywWSlE 3 heilbbdiseusped iegere defailldped | eft-to-right of the kernel
for Sub-p xelmc23B Tals, 18 SEURAAL okt ML DS VA 51 O

of symetry I'ine
25  down in the common matrix form for filter kernels as used in the industry, the filter kernel

for sub-pixel 216 would be a mirror image, flipped left-to-right of the kernel for sub-pixel
218. This is true for all the sub pixels on the right side of symmetry line 220, each having a
filter kernel that is the mirror image of the filter kernel of an opposing sub-pixel. In
addition, sub-pixel 222 has a filter kernel that is a mirror image, flipped top-to-bottom of the

30 filter kernel for sub-pixel 218. This is also true of all the other filter kernels below
symmetry line 224, each is the mirror image of an opposing sub-pixel filter. Finally, the
filter kernel for sub-pixel 226 is a mirror image, flipped on a diagonal, of the filter for sub-
pixel 228. This is true for all the sub-pixels on the upper right of symmetry line 230, their
filters are diagonal mirror images of the filters of the diagonal opposing sub-pixel filter.

35  Finally, the filter kernels on the diagonal are internally diagonally symmetrical, with
identical coefficient values on diagonally opposite sides of symmetry line 230. An example

of a complete set of filter kernels is provided further herein to demonstrate all these
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filter kernel that is the mrror inmage of the filter kernel of an opposing
sub-pi xel. In addition, sub-pixel 222 has a filter kernel that is a mrror

i mge, flwppedotdep-to-bottomof the 30 filter kernel for PpexhiSpr/xasho 218.
This is also true of all the other filter kernels below symretry |ine 224,
each is the mrror image of an opposing sub-pixel filter. Finally, the
filts bridsGh tI?e“fii)l‘td?'k%fHdSZ 21@16'0?1 flmrﬁ bRk nkdP@De chlclRRAGrOhe 3nsticagRNA!

of the f I'ter for sub- pixel . This 1s true for all the sub-pixels on
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images of the filters of .the diaganal, o i ng sub-pl.xel fiJter. 35
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sides of "symeiry |ine . An exanple of a conplete set of filter kernels
is pr ovuoclédhetfmnm&fdnép@mummg thie monistura nembet oftfiteseis19 WO 02/ 091349
PCT/bJSOZ/ 12610 5 symmetries in the filter kernels. The only filters that
need’to be calculated are the shaded in ones, sub-pixels 218, 228, 232,
234, 236, and 238.1¢plq?|quqje with a repeat cell size of 5, the m ninum

nunber of filters #"s-zvnly six. The remaining filters can be
determ ned byfilkd+ alculated filters on different axes.

Whenever the size of a repeat cell is odd, the fornmula for determ ning the
m ni rum nunber of filters is: 10 PZ1 Cl1 + P2+ 1 Nfilts =2 Were Pis
the odd width and height of the repeat cell, and Nfilts is the m ninmm

nunber of fi [Whers Priééhﬁi adddviditeardiheichg of theirepaat ealb gndNTibk inthe eviinurhe case
where the repeat énl zeui sqeven. The only filters that need to be
cal cul ated anH{ 5&%8%55 ones, sub-pixels 240, 242, and 244. In this

casesw th a mages 11E1@iri1te§ mzexasnipléof 08 leyisetwilicee thei rbjpeak sellisd isleert allgul at ed.
Whenever the size of the repeat cell is even, the general fornula for

det er i MPRGfiliee thet Aeahimbg &ﬁlﬁéhateéfare theishaded ip onesy gubrpixels PA0Nemnd24t. Wher e
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nunber ers require
size of the repeat cell is even, the general formula for determining the minimum number of
filters is:
20
Neven = 2\ 2

Where P is the even width and height of the repeat cell, and Neven is the minimum
number of filters required.
Returning to FIG. 32, the rendering boundafy 208 for the central sub-pixel 204
25 encloses an area 210 that overlaps four of the original pixel sample areas 212. Each of these
overlapping areas is equal, and their coefficients muét add up to one, so each of them is 1/4
or 0.25. These are the coefficients for sub-pixel 238 in FIG. 33 and the 2x2 filter kernel for

this case would be:

1/4 1/4
1/4 1/4
30 The coefficients for sub-pixel 218 in FIG. 33 are developed in FIG. 35. This sub-

pixel 218 is bounded by a rendering area 246 that overlaps five of the surrounding input

pixel sample areas 248. Although this sub-pixel is in the upper left corner of a repeat cell, it
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Returning to FIG 32, the rendering boundary 208 for the central sub-pixel
204 25 encl oses an area 210 that overlaps four of the original pixel sanple
areas 212wolaotu3ed these overlapping areas is equal, andPCEAiSN2/12610
coefficients nust add up to one, so each of themis 1/4 or 0.25. These are
the coefficients for sub-pixel 238 in FIG 33 and the 2x2 filter kernel for
thi g cageswamdddoP@e shidd & chichlatibhdhat hifkr3R alhsysCABIHe fdpRRR1THak 1R xel 218
in FIG 33 are developed in FIG 35. This sub- pixel "218 is bounded by a
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di fferent .net hod as criped..ahove. Because .rendering area 246 cr.osses
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are cal cul ated as descri bed before: the area of each input sanple area
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their ceaefdriand anddle ffesanglO©arcReDAihy 18" af tha t@dbaroy of tedfaiddeed PIECE0 Ccent er
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ar e 24beir sgeffisieptyars L8oeRendsringtascadAd ovedaps thesier sappleaden2diley boer | aps

t he cen . : 34 g 4 [t ' (1S 16t hs.
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sanpl e arddastoRd@ntey sarhplesinels 248 by alroanmilestfanddu@? bfi1/32%t Pittiggtitessellal | i n
order results l%n t.he gol | owi n&. Coef.%i cient filter kernel: 0 1/8 0 1/8

11/ 16 19748 repplipim shefollgwiggpogiticient Sierkeragh F1 G 33 is illustrated in FIG
36 with its rendering area 250[poVérj@ppi[Rg fijve sanple areas 252. As
before, the portions of the arpa off renderinglarea 250 that overlap each
of the sanple areas 252 are cal t/8l atléd6and/38 i ded by the area of rendering
area 250. In this case, only a-3x2 fig'ter kerrfel woul d be necessary to hold
all the coefficients, but for nsi%f@nc Oa 343 will be used. The filter
kernel for FIG 36 woul d be:

20 Sub-pixel 232 from FIG. 33 is illustrated in FIG. 36 with its rendering area 250
overlapping five sample areas 252. As before, the portions of the area of rendering area 250
that overlap each of the sample areas 252 are calculated and divided by the area of rendering
area 250. In this case, only a 3x2 filter kernel would be necessary to hold all the

coefficients, but for consistency a 3x3 will be used. The filter kernel for FIG. 36 would be:

25
1/64 | 17/64 |0
7/64 | 37/64 |2/64
0 0 0
Sub-pixel 234 from FIG. 33 is illustrated in FIG. 37 with its rendering area 254
overlapping sample areas 256. The coefficient calculation for this would result in the
following kernel:
30
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25 1/64 17/64 0 7/64 37/64 2/64 0 0 O Sub-pixel 234 fromFIG 33 is
illustrated in FIG 37 with its rendering area 254 overl appi ng sanpl e
areas 256wolhmyeefficient calculation for this woul d reswicr/use/iiseo

followi ng kernel: 30 21 WD 02/091349 PCT/ US02/ 12610 4/64 14/64 0 14/ 64
32/64 0 000 5 Sub-pixel 228 fromFIG 33 is illustrated in FIG 38 with
its rendering area 258 overl apg-Ae—sapteateas 260. The coefficient
calculations for this case woul g/drzlesflfi‘;‘(ﬁ’I4 'F%e foll owi ng kernel: 4/64

27/ 64 1/ 64 4/64 27/64 1/64 0 [4afgaI0 3bygaal(ly, | sub-pi xel 236 fromFIG 33
is illustrated in FIG 39 with|its rendering area 262 overl apping sanple
areas 264. The coefficient cal ¢@ ati dfs for|Ghis case would result in the
f ol Igvvi ng kernel: 4/64 27/ 64 1/64—4/6427/64—1/64 0 0 0 15 This concl udes
all f£he m ni mum nunber of cal cul ati ons necessary for the exanple wth a

pi xel to SUbSﬁbﬁﬂkﬂrﬁk Is@nPEIGH 38 -is ﬁiulstrat@aflﬂpﬁi 38fwilhies RRa&agf fbLosnt sets
can be constru 't pping the above six filter kernel's on different
axes, asvetbappingeunple aﬂaadllﬁa T oeffwient hacyatigufesthsfcase wbildgesulieintthd t er
kernel s st al m@’efr sumto one or they will 20 effect the brightness of

t he out}g 58 his is true of all six filter kernels above. However,
if the kernel s were actual ly uBg@sq1 mobgss [Togm|t he coefficients val ues
woul d all be fractions and reguire|floatilng pgint arithnmetic. It is conmon
in the industry to nultiply al|4/64 |27/64 | 1/64

0 0 0

10 Finally, sub-pixel 236 from FIG. 33 is illustrated in FIG. 39 with its rendering area
262 overlapping sample areas 264. The coefficient calculations for this case would result in

the following kernel:

4/64 | 27/64 1/64
4/64 | 27/64 1/64

15 This concludes all the minimum number of calculations necessary for the example
with a pixel to sub-pixel ratio of 4:5. All the rest of the 25 coefficient sets can be
constructed by flipping the above six filter kernels on different axes, as described with FIG.
33.

For the purposes of scaling the filter kernels must always sum to one or they will

20  effect the brightness of the output image. This is true of all six filter kernels above.
However, if the kernels were actually used in this form the coefficients values would all be
fractions and require floating point arithmetic. It is common in the industry to multiply all
the coefficients by some value that converts them all to integers. Then integer arithmetic can
be used to multiply input sample values by the filter kernel coefficients, as long as the total

25 is divided by the same value later. Examining the filter kernels above, it appears that 64
would be a good number to multiply all the coefficients by. This would result in the
following filter kernel for sub-pixel 218 from FIG. 35:

22



the coefficients by sone value that converts themall to integers. Then
integer arithnetic can be used to multiply input sanple values by the
filter kewoek/ogsedficients, as long as the total 25 is diwcadaobyeihe sane
value later. Examining the filter kernels above, it appears that 64 would
be a good nunber to nultiply all the coefficients by. This would result in
the followng filter kernel fcrro—sui;gpime 2181fromFIG 35: 22 WO

02/ 091349 PCT/US02/ 12610 0 8 08 442 0 9 0 |5 (divided by 64) Al the
other filter kernels in this cage clpqy be spmlarly nodified to convert them
to integers for ease of calcullatian. It |[s especially convenient when the
divisor is a power of two, whii®h it2is inOthi$ case. A division by a power
of t can be conpl eted rapidly SO or hardware by shifting the
resuPt to the right. In this Casefdlgﬂgﬁﬁypf the right by 6 bits will
divide by 64. In contrast, a commercial standard display color inmage format
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scal i ngtws, widcis ﬁfii’pinl this dasd. | A dofisibhbp a powtt @Btmtdaﬁrbelcsmiaﬁstédofaﬁaly whi ch
results in 625 unique sets of coefficients. Using synmetry in the

coeflPi cisefitvare oe baidawre heshifiingdhe regulato the right elaéblﬁ &meea gmftggt@ rightby éven
this s filters would be tedious to do by hand, as

descri g‘g,&mgggfgmeg {aad a conputer program (a nmachi ne readabl e nmedi un) can
20 aut omat e Erhcmtﬁaashcuﬁm&gmal srachidésglay eplor inape fpumise called KGAN(@Uihe t he
sets of coefficient In practice, this programis used once to

gener at &5 1P sisng f %‘f)%?eing?‘%‘ﬁ}r%’ ?Cﬁés%dépﬁebpuw Slﬁ’ip%we%?t i0g4x s has 2 table is
used bycémﬂrﬁg 0ed 7@@%@ nﬂn§ﬁrﬁq‘ﬁ@£aﬁtﬁ afbeﬁisfr)]lg& i gig&neﬁggfllﬁfgiym

Menory) r dwar e enent s sca ing a renc :
firdd stiephat hat 1600y 12(103.‘ed gmilgleen cmgtem%gmﬁﬁmpbm &ﬂ@rhyl@()@lueaemiabxsul ating

i vi i ng2t nEbe g o SAaE ol d sl AT o WUUHEISIA B xel s by

thei r GgRqh&Eaabrsder§QpReNUDRB @%ﬁ@tx?ﬁﬂ the Hob ke RUSEs R ﬁﬁl%ml,ashed ina
smal | doubly nested | oop. The outer [oop tests the two nunbers against a

seri es @forpraapanahlefesets: Buiiesen bapmailouemberof ditters would hatedique s dd bpr i mes
as hi 9 h h%?d tag' feseHH& gbovgoﬁns?gadtar&%m%% p%grg‘l (gl Hl%cm re%dxoele megﬁllrr]r&) can

practice
20  automate this task using a machine (e.g., a computer) and produce the sets of coefficients

quickly. In practice, this program is used once to generate a table of filter kernels for any
given ratio. Then that table is used by scaling/rendering software or burned into the ROM
(Read Only Memory) of hardware that implements scaling and sub-pixel rendering.
The first step that the filter generating program must complete is calculating the
25  scaling ratio and the size of the repeat cell. This is completed by dividing the number of
input pixels and the number of output sub-pixels by their GCD (Greatest Common
Denominator). This can also be accomplished in a small doubly nested loop. The outer loop
tests the two numbers against a series of prime numbers. This loop should run until it has
tested primes as high as the square root of the smaller of the two pixel counts. In practice
30  with typical screen sizes it should never be necessary to test against primes larger than 41.
Conversely, since this algorithm is intended for generating filter kernels “offline” ahead of
time, the outer loop could simply run for all numbers from 2 to some ridiculously large

number, primes and non-primes. This may be wasteful of CPU time, because it would do
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30 with typical screen sizes it should never be necessary to test against
primes |arger than 41. Conversely, since this algorithmis intended for
gener at i ngofozlopn9 kernel s "of fline" ahead of tine, the owcarusvmsicoul d
simply run for all nunbers from2 to sone ridiculously |arge nunber,
primes and non-prines. This may be wasteful of CPU tine, because it would
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cal cul at ed agh}eﬁ \ﬁy’%@?&?ﬂ t?’?f‘gt Iegl?lg? 4o Fut-Rixe ?rslg Sﬁf)tll(? rds to

nor mal i %ﬁgﬁt'})@xefl ﬁﬁlﬁérahﬁcahd 505 8R&ublpixdl derdAIREOADE the Qatics Pt nubes af filkrat i ng
the wei val ues as accurately as possible, so the rendering areas can be

30 eflc Lhemeé@nqedechace«aﬁs or dpwatagepsps t:eHnS|Samgeese naingh The tetebuimebes pf kerhels
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identical and the number of filters required will be S®>. From the table above, a 640x480
image being scaled to a 1024x768 PenTile matrix has a P:S ratio of 5:8 and would require
25  8x8 or 64 different filter kernels (before taking symmetries into account).

In a theoretical environment, fractional values that add up to one are used in a filter
kernel. In practice, as mentioned above, filter kernels are often calculated as integer values
with a divisor that is applied afterwards to normalize the total back to one. It is important to
start by calculating the weight values as accurately as possible, so the rendering areas can be

30 calculated in a co-ordinate system large enough to assure all the calculations are integers.
Experience has shown that the correct co-ordinate system to use in image scaling situations
is one where the size of an input pixel is equal to the number of output sub pixels across a
repeat cell, which makes the size of an output pixel equal the number of input pixels across a
repeat cell. This is counter-intuitive and seems backwards. For example, in the case of

35  scaling 512 input pixels to 640 with a 4:5 P:S ratio, you can plot the input pixels on graph

paper as 5x5 squares and the output pixels on top of them as 4x4 squares. This is the

smallest scale at which both pixels can be drawn, while keeping all the numbers integers. In
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repeat cell, which makes the size of an output pixel equal the nunber of
i nput pixels across a repeat cell. This is counter-intuitive and seens
backwar dswome9sxanpl e, in the case of 35 scaling 512 i nprCTAISZI®14 0 640
with a 4:5 P.Sratio, you can plot the input pixels on graph paper as 5x5
squares and the output pixels on top of themas 4x4 squares. This is t he
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0 convi nce hardwaré nmanufacturers to nore |ine
buffers amarmrme@hém, ehiening theidVyawet limdt gl hgow inhe atth Eripaargecadiig 1: 1 and

1 o R A RO P O SRR e A B BRI e 1
har gsvar ﬁltér@blatl‘éhtd}lld&pﬂ thb Shai g banekeaﬁedlomeeﬁamw{a@e &@ovr i te the program
to simply ge%}g&t secalmg down there are more input pixels than output sub-pixels. At any scale
factor greater than 1:1 (e.g., 101:100 or 2:1) the filter size becomes 4x4 or larger. It will be
difficult to convince hardware manufacturers to add more line buffers to implement this.
However, staying within the range of 1:1 and 1:2 has the advantage that the kernel size stays
30  at aconstant 3x3 filter. Fortunately, most of the cases that will have to be implemented in
hardware fall within this range and it is reasonable to write the program to simply generate
3x3 kernels. In some special cases, like the example done above by hand, some of the filter
kernels will be smaller than 3x3. In other special cases, even though it is theoretically
possible for the filter to become 3x3, it turns out that every filter is only 2x2. Howeyver, it is

35  easier to calculate the kernels for the general case and easier to implement hardware with a

fixed kernel size.
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3x3 kernels. In some special cases, |ike the exanpl e done above by hand,
sone of the filter Kkernels will be smaller than 3x3. In other special
cases, evwpolousgh it is theoretically possible for the fipCrarsor/mebecone
3x3, it turns out that every filter is only 2x2. However, it is 35 easier
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WO 02/ 091809280BA9JS02/ 12610 5 In the above sanpl e out put pCaluso2®end t he
filter kernels necessary for this case are cal cul ated, w thout taking
symmetry into account. This allows for the exam nation of the coefficients
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FIG 21 overlaid on the bl.ue col r sa. 44 of EIG. 12, in
b et Al haidles Wish 5 aneaa Bt A9, BhE AR hecteptiog e
resol ut Iceéfﬁerehe is @Qbﬂ@niaﬂ@ﬂ Setculfindiitd prbp& bR odeda 8 RNof thdvapker board”

array of . The nethod of generating the transform equation

cal ¢3l atsamp]s amed@@é@loa@ud@smplcb@d%éoﬂ dagh sarmple sorresphadigg putpyf sanime r epeat i ng
array of three-colo X elenents is determ ned, next the m ni mum nunber
of uni q§8™ eqs*nigcrp%aﬁglm?xg DA ned, and then the val ues of those

coef fi ci ent s Hxg. 13i@uREAS04 9432108 &\s@mb@q)oﬁfts 1Z0atd thaielfectdle@asphkiedsO
out put sanple areas 44 for each correspondrng out put 25 sanple point 46 is

det er ni Ad@ of B loverlpdsa thabliesolor plagp preling aseastié afdis 1 drimvdifldbe on.
The array, of fﬁieé SEIE0 8 G C@At% tﬁ’ %ﬁ{e sglat?ﬂ‘?ggofut%ﬂ%ofdeﬁﬁrj éo' dayroer of

coefficients s sanme nu ermne e re and green
pl apes. whihGhe 2ol dnt|gusdnr @haket b@ara’r azazyy dfIAGot 1 smhqs)hethmdrdﬁthneﬁatmgtther r

oo AR e o) e e st DSt E e Bl . 21
are not ,Qfy Bf‘f?rre%aé@?or;[ﬂz?él o mdBSR 'd%%ehﬁﬂles et MEmiG Rk GhABEE ofnidel he T ed
(red reconstruction points 35) and green (green reconstruction ornts 37)
" checkercotftigiedts is daterayined, amd Glenjme vathes afghdse doefficigatsdryahé prppotienal ansf or m
equati Orcl)vgr?ap 0 1I?Igult %)Qnslplgra%:a% eﬂa to output sample areas 44 for each corresponding output
25  sample point 46 is determined. Each of these values are applied to the transform equation.
The array of repeating three-color pixel elements and resulting number of coefficients is the
same number as that determined for the red and green planes.
FIG. 24 illustrates the array 110 of sample points and their effective sample areas of
FIG. 21 overlaid on the blue color plane sampling areas 123 of FIG. 8, in which the sample
30  points 122 of FIG. 21 are not on the same spatial resolution grid nor co-incident with the red
(red reconstruction points 35) and green (green reconstruction points 37) “checker board”
array of FIG. 11. The method of generating the transform equation calculations proceeds as
described above. First, the size of the repeating array of three-color pixel elements is
determined. Next, the minimum number of unique coefficients is determined, and then the
35  values of those coefficients by the proportional overlap of input sample areas 120 to output
sample areas 123 for each corresponding output sample point 23 is determined. Each of

these values are applied to the transform equation.
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the proportional overlap of input sanple areas 120 to output sanple areas
123 for each correspondi ng output sanple point 23 is determ ned. Each of
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determined. The minimum number of unique coefficients are then determined by noting the
symmetry (in this case: 2). Then, then the values of those coefficients, by the proportional
overlap of input sample areas 125 to output sample areas 52 for each corresponding output
sample point 35 is determined. Each of these values are applied to the transform equation.
30  The calculation for the resampling of the green color plane, as illustrated in FIG. 4, proceeds
in a similar manner, but the output sample array is rotated by 180° and the green input
sample areas 127 -are offset. FIG. 26 illustrates the effective sample areas 127 of the blue
color plane of prior art FIG. 4 overlaid on the blue color plane sampling areas 123 of FIG. 8.
FIG. 40 illustrates an example for blue that corresponds to the red and green example
35 in FIG. 32. Sample area 266 in FIG. 40 is a square instead of a diamond as in the red and

green example. The number of original pixel boundaries 272 is the same, but there are fewer

blue output pixel boundaries 274. The coefficients are calculated as described before; the
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sanpl e areas 127 are offset. FIG 26 illustrates the effective sanple areas
127 of the blue color plane of prior art FIG 4 overlaid on the blue color
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that corresponds to the red and green exanple 35 in FIG 32. Sanple area
266 in FIG 40 is a square instead of a diamond as in the red and green
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cell size can cut and t e total nu nefl s
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har wared5| i ble to, | eave

ther bl ud ek DRI O R ROV SIaHeY Gt O DoRRG e Fedind gredi P s 5%,
then the blue ratio would be 6:4 which can be simplified to 3:2. This means that in these
(even) cases the blue repeat cell size can be cut in half and the total number of filter kernels
required will be one quarter that of red and green. Conversely, for simplicity of algorithms

30  or hardware designs, it is possible to leave the blue repeat cell size identical to that of red
and green. The resulting set of filter kernels will have duplicates (quadruplicates, actually)
but will work identically to the red and green set of filter kernels.

Therefore, the only modifications necessary to take the red and green filter kernel
program and make it generate blue filter kernels was to double the numerator of the P:S ratio

35  and change the rendering area to a square instead of a diamond.

.Now consider the arrangement 20 of FIG. 6 and the blue sample areas 124 of FIG. 9.

This is similar to the previous example in that the blue sample areas 124 are squares.
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and green. The resulting set of filter kernels wll have duplicates
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cal cul atbRas rakek&psp! | cated. At first glance it seems that t he repeat cell
size will be doubled horizontally. However the follow ng procedure has
been di scoljeGedents quepenicell s¢teof fidior keroels s iftts blue sanapls poiis @emet at e a

Caferoa,  astusSedibdkaet aoieadabet et uimih il BRIOGURBER dlleRAre of

filters for tﬁé’h@péa@@@ﬁvﬂﬁ@ﬂuhﬁé&dsfﬂarﬂﬁ@b@thszeﬁ)t@"dtdnﬂﬁlgw tHe 2pe cansizendi ng at
the repeat cell size mnus one. 2) On the even colums in the out put

i mage, the fiipéyenein the repeat cell are correct as is. The nodulo in the
repeat cel | ' l [ f the
i tor iorferordt ey Gufi fithe Sy e bl f1aS S pleIofith 6 Lo 8
co-ordinate is el“}&czhsdtﬂo @0ihe iEpeanckll std of thdrowpuil Y I(:beﬂdmmtetshleah’m&ﬁad}ﬁ@tved r ow
to use. 3) On the _odd output colums,_ subtract one _fromthe Y co-ordinate

bef & e t aki ngf fh@é‘ﬂteﬁis%rapbseéfo yse. (e madule indpetepeator]l sige Affhe Xigg-oxdinate
co-ordinate i t s wll pick a
filter ker neﬁéleﬂg9%@%@?&?Wg?ﬁtfﬁéﬁénttg‘égébf% e@g@?g}%'zo FIG 9. In some
cases, it 3)s Quokhs bl eutpot @éurhos, subtheet mxdirbm tial col@tinatesbdforcatkiante and

pre- stagger the t ilter kernels. Unfo t unat e is only works in
Phe case or aaisuctit B fhe teipat REiL SER0 R A FsaRiAte BofenlpebBe Pt ¥ epen
cell has an Qdgh suniigd. This w1l MERE fillhRerndMEM i Ocfdct [UFRhd &Gia e bhe even

colums half the tine and the odd ones the other half of 25 the tine.
The?@fore, tH&GcAl cul ation of which colum to stagger rrust be made at the
time thattetable frh i.der.t.nh

ar rangenent i = ek ?tégiﬁ%sﬂfl %‘nfruerRl stge %ﬁaﬁlg Caa?ce%aasif%ﬂ ot e aéd . This
is sim |s@ggé1<1hé faelepffeﬂﬂe@u&nelas nfbruihatdde thadishly woiled inGldIpdse ©fh keRadell

hexagonal. anpl e areas. The first step concerning these hexagons is howto
draw t hé\ﬁ{h@@\f@gpp@b@qof columns. If the repeat cell has an odd number of columns, the

modulo arithmetic chooses the even columns half the time and the odd ones the other half of
25  the time. Therefore, the calculation of which column to stagger must be made at the time
that the table is used, not beforehand.
Finally, consider the arrangement 20 of FIG. 6 and the blue sampling areas 123 of
FIG. 8. This is similar to the previous case with the additional complication of hexagonal
sample areas. The first step concerning these hexagons is how to draw them correctly or
30  generate vector lists of them in a computer program. To be most accurate, these hexagons
must be minimum area hexagons, however they will not be regular hexagons. A geometrical
proof can easily be completed to illustrate in FIG. 41 that these hexagon sampling areas 123
of FIG. 8 are 1/8 wider on each side than the square sampling areas 276. Also, the top and
bottom edge of the hexagon sampling areas 123 are 1/8 narrower on each end than the top
35  and bottom edge of the square sampling areas 276. Finally, note that the hexagon sampling

areas 123 are the same height as the square sampling areas 276.
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30 generate vector lists of themin a conputer program To be npst
accurate, these hexagons nust be m ni num area hexagons, however they w |
not be reyoloanotsexagons. A geonetrical proof can easily PeTasapimied to
illustrate in FIG 41 that these hexagon sanpling areas 123 of FIG 8 are
1/8 wider on each side than the square sanpling areas 276. Al so, the top

and 5 bot t om pge kGhekssr hekaRRAL oA HIG 2k 88923 83 B SenblRedidfthOVRRe ON each
end than the top 35 and bottomedge of tf’gle square sanpling areas 276.

Fi nal | ygeanwatecalivey ashveashlescaidpod abenep ithgliarnemsis Sor1ied and greemor suaeesiedl ght  as

t he square |ing areas 276. .30 WO 02/091349 PCT/ US02/12610 5 Filter

ker nel S%ST %?‘EE CHEx Ag8hdr Sg%ﬁ%?‘?’ﬁag‘ma? 8‘&‘.2 ﬁacoﬁvgiapgcgﬁﬁ?sgﬁ?xgﬁagorqst he same
geomet rw&ﬁlthmr@%dm%%nﬂﬁwels%ﬁmamg&, UndrtinsieBTomes uding tHe%ﬂgHﬂl‘ji'wﬁﬂe@en or
squares for blue. The rendering areas are sinply hexagons and the area of

over | aphexfagoiad semhbnagrons] 23wihersizernd thafiltenkeanatgsomebiores prsasisa px3 filles ur ed.

Unf gr t unat el when ing.the slightl i.der . . hexagpnal . saml i areas 123,
t heﬂgi z%ve&WIi{%St?}fW ﬁ%wﬁ%f %‘8 Pgaﬁglg%g??sxgg‘gf.g%de%z 5 6?%&%@ SP ?W?@P{[ R%Be even when
st ayi ngshaghpefid i betwieallt Nghdras teskediel bizd vaNte Ik 2. BéRLY Séding hons dfhat i f
the scaling ratio is between 1.1 and 4:5 the kernel size will be 4x3.

Bet ween4dcalilnd thefilterkegtel sige wilhpranain 3x3+ (ot thpt kacayss thrchexgponal sampplitgenai n
3x3. ( c s I i r : .sanme

nei ght ety o s U6 QRIS o0 B 0008 5o AR MOR R EPShE p e BT

ker nel skémaBirdlaaibhehesan®e).. 15 Designing hardware for a wider filter kernel
is not as difficult as it iis to build_ hardware to process taller filter

kerhel's, so Pesigainghardyrire s araBeieliies kegedismes as filietlisasgt ist@ Beild enent for
nar dvar g, §338eo YRl ok ARAYERLNILSRAL hAGnSUSHRR 1o BRREYSE FI@RSE NeT

soluti.on i's pos en the scaling ratio 1s between 1:1 an
squar e sapjrémongt far badwatbbsal sublixel SemteeingSedingwhisteds.r Bowever, anotldx3

filters, Wen. the, ' tin is bet 4:5 2 1:2, th
hcour at S HUGR AT DS AN GE sieDak Fa5as B oveees o B theSiam el fets s
are al s@4 6FIIC. 8hre hifed WhithWesnits Erh?xé“ﬁft%@%eh&ﬂ@édﬁﬁn@%d%' i®betaen 4 &8ss

expensive to build. The hardware only needs to be built for one size of

fil2r et h@l thamebre hecusdtg bexaghnal sewpling archsi 2ol Fbxs 8 afd wsed agd Bx3 fikersonl y
t hi ng that_,changes, .Like the (e s Lin El . t.he ;hexagonal
sanpl | nare aal,lso req {edFII&thl way thd ggr € I%grpanas sgrnSIreF gl @%St %‘g&’%@ﬁ tch) !

W .
eas staggered T ntevery m. Anal ysis

has showhe hiil@bvafeh@ﬂ? aBRIsn® bdbeiltdbr 6f0asd oFiltdr&ernk dddahe Kigorigihsuskdsoer i bed
above for FIG 9 will work for the hexagonal sanpling areas of FIG 8.
Basi cal Pyild those fliersds thagplytthing dbptrchprgegnt s of the filter kernels can be

col ol o, o8 W AR 3808 RS, SHAOHBS R AT AL L e
ker 2®| ssthggmedacoriingheémdoben@asAbalgsis has shown that the same method of choosing the
filter kernels described above for FIG. 9 will work for the hexagonal sampling areas of FIG.
8. Basically this means that the coefficients of the filter kernels can be calculated as if the
hexagons are not staggered, even though they always are. This makes the calculations easier
and prevents the table of filter kernels from becoming twice as big.

30 In the case of the diamond shaped rendering areas of FIGS. 32 through 39, the areas
were calculated in a co-ordinate system designed to make all areas integers for ease of
calculation. This occasionally resulted in large total areas and filter kernels that had to be
divided by large numbers while in use. Sometimes this resulted in filter kernels that were
not powers of two, which made the hardware design more difficult. In the case of FIG. 41,

35  the extra width of the hexagonal rendering areas 123 will make it necessary to multiply the
coefficients of the filter kernels by even larger numbers to make them all integers. In all of

these cases, it would be better to find a way to limit the size of the divisor of the filter kernel
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30 In the case of the dianond shaped rendering areas of FIGS. 32 through
39, the areas were calculated in a co-ordinate system designed to nake all
areas i ntwgeemIfdar ease of cal culation. This occasi onal | yCramsot/12sdo i n
| arge total areas and filter kernels that had to be divided by |arge
nunbers while in use. Sonetinmes this resulted in filter kernels that were
not  BoWelSfRfentdero e'ﬂ%ﬂﬁve&@@asﬁ@ E@H@Lyﬁl ﬁ%‘ﬂ&l bQQ&@angigfaMSQH bt ablbfo t €
case of FIG 41, 35 the extra wdth of the hexagonal rendering areas 123
wi | | makpgck the denm:&abcya powanbfitwpl ot breampde éfdlli tbe Eiltbskerhels veref debigaed toer nel s
by even | arger, nu rs to.make themal]|. integers. In al se cases,
*Y ol oo BURst g fadTen RBEFAQ 9oPi Re ReFEred By gp St CirigheBiE of ¢ b
filter kpengbn BRodROPPRIIRITLUSRRNIROR er IRATCLETERRR AU, OBie L he
har dwar e “easi er to desi gn, be advantageous to be able to pick the
di vi sor vabtiebéhabwpolddit inftandard “Byme veda’mpacbon]‘y-labﬂnonhe(ﬁ(wls)erThceafmel hewer e
desi ne ﬁo . be divi ded by 256, {f.? |on n cou bﬁFperformed
ei lGHYV BB PIGEGHE SR gS‘b"é?tﬁ Eh 88’§ ’|Vé38r ees t hat
all the Jfréﬂsltr@d dllv%flgl25@0Rfvf111%@ﬁhﬁem%&fomw%@pﬂoced@é ues that would fit in
standard "byte w de" r ead- onl y-nmenories (ROWs). Therefore, the 10 foll ow ng
procedure ik Grwdnte thegeensriar deffillet eveflidenie bsingifionting peisi a:réhlmdnwﬁsme Si nce

the preferr dIVI 25 lized.in the foll g

o ecenuro. 1ieSpehRey if fong o erbhandCenl ddesh8flpkRabd Ve koY bPHer

floating p0| ﬂiarcﬁxfdré ﬂﬁ'eﬁédg.theﬁ}e@mgng tabies. operation is done off-1line

bef orehand, this does not increase the cost of the hardware that uses the

resdbting Laddisisle cach coefligiontdy thekrovanefal iEgeeti theyenderingarermthen diplr ea of
h d
the rendering, az[]s%afnﬁs*\ﬁf‘ngmkéﬁ@%ﬂtﬂ%foﬁ%ﬁ iFan %m%étcrf?@mﬁ?loéﬁﬁére; sumto

256 if all arrthmetic |s done In steps
necessary toﬁomt,llﬂ;tlnmregieps mabieeasarﬁloﬁhllanmgaﬁtablesearch to fi nd t he round

ff int (bet 0.0 at k th f 256
\a/henpglogveé)( “%eglrﬁam% §°%‘R861? wgﬁggiﬁ <‘P§Waerb hﬁ%ﬁ %&%%%?ﬁ%gm vel |
known in the fll@g't{ﬁﬁlre%uni bt 394 @h&%&le&@%@m@g&s m}inﬁg@ee@a{lf@ a cOnhdar y

search can fail to converge and this can be detected by testing for the
| 0030 runni nglgomitler cedldinpevmninribemdodtryt ilhtss sedychl fuctdeds, tynonareydcmearAch fails,

find a reasonably |ar e 69 ff|C|ent in.the f n d or

SUbt ract . SRR AURUERngT o Gl eibian iy 6 b s e B Btk ¢ ne
filter for tl}@mﬁﬂ%%@{cegﬁs@n@ﬁb@&hﬁﬁbe val ue of 256. This value will not
fit in a table 8- bi t tes where the | argest possible nunber is 255. In

this speci 4l Itthsdinary searehiails; fing arepsanaklytereo seeffisat mythefiierdgtnel and one of

tzgg surr Ound'aﬁg o?g)lﬁ;tlfaclcé ?{H&lfnﬁrgberqg?cgrgé]{h%%ﬂ{e?% SIIIH?O Eﬁfé ter still sums to

25 5) Check the filter for the special case of a single value of 256. This value will not fit in

a table of 8-bit bytes where the largest possible number is 255. In this special case,
set the single value to 255 (256-1) and add 1 to one of the surrounding coefficients to
guarantee that the filter still sums to 256.
FIG. 31 illustrates the output sample arrangement 40 of FIG. 11 overlaid on top of
30 the input sample arrangement 70 of FIG. 15 in the special case when the scaling ratio is one
input pixel for each two output sub pixels across. In this configuration 200, when the
original data has not been sub-pixel rendered, the pairs of red emitters 35 in the three color
pixel element 39 would be treated as though combined, with a represented reconstruction
point 33 in the center of the three color pixel element 39. Similarly, the two green emitters
35  37in the three-color pixel element 39 are treated as being a single reconstruction point 33 in
the center of the three-color pixel element 39. The blue emitter 33 is already in the center.

Thus, the five emitters can be treated as though they reconstructed the RGB data format
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FIG 31 illustrates the output sanple arrangenent 40 of FIG 11 overlaid on
top of 30 the input sanple arrangenent 70 of FIG 15 in the special case
when t he woakiogng4y atio i s one input pixel for each two owrCpISOFWs1PI Xel s
across. In this configuration 200, when the original data has not been
sub- pi xel rendered, the pairs of red emtters 35 in the three color pixel
el emgnt s%&lpwptbldtsp@ thégt £khass coltRWihes ek iRekb centdr TRisBHY BSEMsRIEred
reconstruction |nt 33 in the center of the three color pixel elenment 39.
Si mi | ar | the “Naéve Mede efdhisamiangenent 6 s@pisels. t he t hr ee- col or pi xel el enent 39

d t.h f th
three-col or o eﬁ%ﬁﬁh%sv% 9B ERRIE BP0l b e BR NS contor
Thus, tr@ofheyeulepmﬂea dsspavifiea tiffsade drrasednivatiahsubpRils! #&ERSE g Eﬂw&dﬂe RGB

data format 32 WO 02/ 091349 PCT/ US02/ 12610 5 sanple points, as though all
t hree comsge ﬁpéﬁéef thercaigingl isretagned; dyccoringstopag cmbodigieatl.deisegsirableeio” Nat i ve

i xel
renger rl%etnglla%e rea g%t%%x 1?&5?1 erﬁegg@)’mﬁ 38 é[;&rPa%g %Ieﬁte?%saﬁ e%l xel ed
di spl ay hwirdih. Refhrﬁfﬁ@tod?igums n,am@emeﬂtzsmmmemtmdsmhaw bdeh@utlinegoved
image quality ]gf the original is retained. According to one enbodinent, it

i s desi radgrewilhserwe. hyralcalagng thercasliicasmis for dha tramstoray fijtess fosieashepminited | mage
to the anhAROGITRMSSS vﬁ?n%@ﬁzsﬂﬁfrtﬁé{&r t{?fr“i‘ggﬂga é?héﬁ't spjectt%’theg 4, 5,

25, and 26 the net ho at have been ove WI erve
cal cul atmg’ngwaﬂdehs;ﬂmrbﬂ lrezi mpmssafrmie 5 bEFXG.8n §ﬂ'1mr‘uhua‘ érhitter & tfetatedexau’rmmﬁqout

l.e poi nt 35, own i n fthetar isla arrangenent with
¢ et ARV CaleTiE Rt e o TR g G ok 06 DR GBI PorHe bl e
em tter drgnd fapak @g?e? ahﬂﬁ’gefiﬁ’én? eblﬁa%e%@twe mhé’d'lsﬁﬁée@llﬂlﬁ’é 1&1{3& &%1&@ ef Ficgiqsent s
for the transform ters for each output sanple point the target

di spl ay arraﬂg@rﬁ@m fomthergrﬁesgé@tplw, ulhletraheépiﬁlﬁa@ wihexs thcnmnut daaphe 7 of
FIG 4. cas reen c illustrate 5, where

the i npute-RafbPRREehrd MRt o e d g Rl B G T om ¢ he

non- sub- gﬁyoéeheg@ad@gte@kmntemmce the green data is still centered. 20
When appl i cations that use subpixel rendered text are included al ong-side

non20subpi xel Whemaé}héaﬂfgksébﬁmé% SupiKeh Fﬂﬂﬁé@ﬁé@% gre ipeluded plgngsidg @pant ageous
to detecf, L h i I
sanmpl i ng HBIPt er %gsc B %@Qfg@%’ d{l&%gﬂgéﬁm\e@fotg EH@%&{“%E& ? gt%t;{ger ? %‘re 1at hat
scal i ng readdring asa awvitelt oms tepliengtif e bpaginl §anmlmg lﬁltﬁﬂ&pﬂcﬁb&d ai‘t&fvd e dwn:&[ eas,
al so de}%éf'(be he ab}k% Jo build s ’éi: det ector we first nust
under st ealiag e P Bk aninedlicr ke noREPPRELOpTRE  abl e
featur esaré’d’s%ls@@éicﬂﬁ@f in$8S Shdvk. %Eﬁlﬁldfsﬁéhrﬁ dAQoSWO Bt Blust @ﬁﬁi?s"tﬁgl WiRges .-
First, the pixels at the edges of black and white subpi xel fonts
wi | 125 notSllelXBhEadldrqd ot lopknkica, mdiat itSTdeiectitde Ratnrdd arejoand wehat sﬁv&rap&eﬁeml
pi xel's non-subpixel rendered images. First, the pixels at the edges of black and white subpixel
rendered fonts will not be locally color neutral: That is R # G. However, over several pixels
the color will be neutral; That is R = G. With non-subpixel rendered images or text, these
two conditions together do not happen. Thus, we have our detector, test for local R #G and
30 R =G over several pixels.
Since subpixel rendering on an RGB stripe panel is one dimensional, along the
horizontal axis, row by row, the test is one dimensional. Shown below is one such test:

If R, #G, and

If Rx-z + Rx-l + Rx + Rx+1 + Rx+2 = Gx 2T G 1+ G + Gx+1 + Gx+2
35 Or

If Rx-l + Rx + Rx+1 + Rx+2 = Gx~2 + Gx-l + Gx + G

x+1

Then apply alternative spatial filter for subpixel rendering input
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the color will be neutral; That is R= G Wth non-subpi xel rendered i nages
or text, these two conditions together do not happen. Thus, we have our
det ect or ,woaRw9f3da¥ | ocal R #G and 30 R - G over several pCraiss2/1%ince
subpi xel rendering on an RGB stripe panel is one dinensional, along the
hori zontal axis, row by row, the test is one dinensional. Shown belowis

one §uch t est: 'ELS@&R@“%&&@%%EH@‘% Rcl+R, +R,+ + R, +2 =

X2+ Gcl+G If Rx. 1 + RX + R+1 + R, +2 = &2 +
Gx_1 + GX + Etthe Ehenwhappthe tatttiecslaicd\tiers pdll bak rélatidhipfbetwanhie kel and
rendering input 33 WO 02/091349 PCT/US02/ 12610 5 Else apply r,egtul ar .
spat i al SFPReenPRRnts ofdhe foym Ryep@. trere 'aktis p gorstanty Beor klak andyrhife tegt 5

| at i ' ) f = aG
where o 8 BERED AR TPl R BRRRE N ob el RELWPRICA T

one. Thehitesdxt:can be expanded to detect colored as well as black and white
text : 10IfR,,#HaG,andIfo_2+RX+RX+R,,+,+RX+z:a(®<_2+
G,10 + ox + ox1 HBFAG a0 |f R -1 + RX + RX+1 ++z = a (& 2 + GX 1 +

GX + Gx+1) Then appl yiekt e;pat ie ﬁﬂatmi?zf%égﬁhgx_lsr@m&e' J@gndgring

input 15 Else apply regular 3dpati‘al Filté rept eséit tHe val ues

of the red and green c@mwponents at the "x" pixel colum coordinate. There
may be a threshold tes o determne if R=_G clopse enoygh, The val ue of
20 which may be adj ustiﬁjkﬁ-o %b sl{gﬂr'bngt-_s.a(ﬁ&e"'l mé’tcﬁr*b&wn rms, the span of

the test may be Q‘ﬂbxli'%flﬁg alftéfﬁat%%hatgzﬁ?fﬂef' for sBbYix r%ﬂdeﬂﬁggfgl%ltl y follow the

form above. FIG 27 ustrates a rrangenent O%TI hr ee- or pi xel

el edents in an ar Edg,apply cepulespaqdldiles, for a display device according to
anot her enmbodinent. FIG 28 illustrates the arrangenent of the bl ue
emtter pixel elenents in an array for the device of FIG 27. FIG 29 25

} LIr utsL re azj : \S/ i lczg ﬁngii(}[( AHERENhe QAlusd S tHE RIMMANBrédnSonPor&lts & tBEBOLSixén an array
column coordinate.

There may be a threshold test to determine if R = G close enough. The value of

20  which may be adjusted for best results. The length of terms, the span of the test may be
adjusted for best results, but will generally follow the form above.

FIG. 27 illustrates an arrangement of three-color pixel elements in an array, in three
planes, for a display device according to another embodiment. FIG. 28 illustrates the
arrangement of the blue emitter pixel elements in an array for the device of FIG. 27. FIG. 29

25  illustrates the arrangement of the green emitter pixel elements in an array for the device of
FIG. 27. FIG. 30 illustrates the arrangement of the red emitter pixel elements in an array for
the device of FIG. 27. This arrangement and layout is useful for projector based displays
that use three panels, one for each red, green, and blue primary, which combine the images
of each to project on a screen. The emitter arrangements and shapes match closely to those

30 of FIGS. 8, 13, and 14, which are the sample areas for the arrangement shown in FIG. 6.
Thus, the graphics generation, transform equation calculations and data formats, disclosed
herein, for the arrangement of FIG. 6 will also work for the three-panel arrangement of FIG.
27.

For scaling ratios above approximately 2:3 and higher, the subpixel rendered

35 resampled data set for the PenTile™ matrix arrangements of subpixels is more efficient at
representing the resulting image. If an image to be stored and/or transmitted is expected to

be displayed onto a PenTile™ display and the scaling ratio is 2:3 or higher, it is
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FIG 27. FIG 30 illustrates the arrangenent of the red emtter pixel

elenments in an array for the device of FIG 27. This arrangenent and

| ayout i swoefl34d or projector based displays that use trCea@Spamsiec, one

for each red, green, and blue primary, which conbine the images of each to

project on a screen. The emtter arrangenents and shapes match closely to

those SQu0hntfde tofpertbm iRlfEsddpli b e%{&a%e%dﬁﬁ%hﬁnﬁ&%ﬁ%o fRE ohhe

arrangenent shown in . e graphics generation, transform

equatio nnmdngutcnagempacaamﬂlcﬂdxaadwmthra&mh adiisegotethastece rasampled it tedled

arrangenent of FJ 6 wll also wrk for the thr neI arrangenment of

FI G z%rqi?ﬂde%eé‘a& R ArSrEpdREngBUSCRYES AH IR ‘%Céllvﬁﬁ’g %%%ﬁamﬁ‘?’gfﬁ% 1 the

subpi xelgpngigr ed 35 resanpl ed data set for the PenTileTM matrix

arrangements of subpixels is nore efficient at representing the resulting

i mge. |f an Theadeartagebof siﬁmhnrdntmmr@being ablerto take dndss amxgerctiédageoandbe

d| sqbayed onto a PenTileT IS the scaling ratio is 2:3 or higher,
SRS 3 8 SOPIBEHY B‘XG HgeeRtUyeous to performthe

r esanpl i ng baf/pilEthstiRfAlEn ﬁﬁ'ﬂl./)ééh de§ @bl e rdnle &ﬁ%ﬁey&%ﬂlﬁ%hﬁbo&&&h@ge
space and/ or bandwi dth. Such an inmage that has been resanpled is called

'pr er endewdhbe uliﬂqrséoqdrhé’rtémte&knllﬁgl inthesarb et easions canges ek beveddy ahdss| ess

Fae mosaoaAyAEh ThaglfaTr aaeRE heRac b Lea g P L PR o o
subpi xelinvhtian: gﬁﬂaiaﬁuonv\hiahge niduefidafiveink P Be ARde kegtipdle §§1hb@l@ﬂsfdﬂaﬁd§h 6ef erence
to an exenplary enbodinent, it wll be understood by those skilled in the

art 1Phatmajeiial g hedenshies Wtbputdenarme T theegsantial ssaps thessplh Eherelioss. iitigt ed
for ele t i f on. In
addi 1 onEn MR Lt i B e Jo P SRR P ik e TR TC o
15 mat ermade doﬁtemﬂatéceﬂﬁ hmgmg\mt thininvelejoar butnigt ilieoimvédtinesidlantludd alscope

t hereof. Therefor _it s ntendeg t hat th(géllgtnventi on not be limted to
the par {phpdigpe %%PB%@ thg ePpendedeldims. npde cont enpl at ed f or
carrying out whitSs blgﬂggglgon but that the invention will include all

enbodi nents falling wthin the scope of the appended clains. Wat is
clainmed is: 35 WD 02/091349 PCT/US02/ 12610 5 CLAIM5S 1. A nethod of
converting a source pixel data of a first format having a plurality of
three-col or pixel elenments for a display of a second format having a
plurality of three-
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col or pixel elenments, conprising: determning inplied sanple areas in a
formof a data value for each data point of 10 each color in said source
pi xel datwook/ossitd first format; determ ning resanpl e ar e@€Tiusn2/emeh
emtter of each color in the display; formng a set of fractions for each
said resanpl e area whose denom nators are a function of said resanple area
and ghose nunerators are said functigpnamisan area of each of said inplied
sanpl e areas that at |east partially over|aps said resanple areas; 15

nul tiplying shid damethes) afeonwmitingahowss mxseﬂiﬂta elck Bshfrmabhadangy plurdity

or odnct Sone e PREURAPHS PO dal ofa ProBbe MR P T "o ca

2. The roeldiqhxedkleGlenismtcmprisifig:her conprising storing said set of fractions
of 20 said first format_in display hardware. 3. The nethod of C aim1,
further conprdeisrmiping rplicd sapiple ayeds ipfa fpra ef p A value fargaghdpiapoit of mat i n
di sphay . et f.Claj further conprising storing said
set Hgf fe%glg{:élf@%@sg% Sogglg ! qllraggogg?@afﬁgt{?ﬂ |t’spl ay firmmare. 25 5. The
met hod of O ademrininihg rdsivaplecoeng foséadet edhifteriofigadhn®lshiia theadispiby;h sai d
| um nance val ues, 6. The nethod of Caim1, further conprising storing said
| umi nance valfqERing aget affgackienh oy cach aidifesample prgavHgse depIRIngioFpre a
transm td, 1okl Ll T, ' rein
sai d datfghé(}gm:cgzsgldfr [ rs? f%‘réaflram:{(iDl ag&o%&eﬁ? ]‘%D%S %gsmngﬁgqgg%% " g]g?‘%aoc o(rf pi xel
el ement sakionmptied sahply aseasl thae at leastlphytialy ovérdapd issigrespnple maayy second format.
9. e nmethod of. Cl.aim wherein the display is selected fromthe group
combB: st o | B B T EhE et st PR e pa i s esspesgive sall
el ect r ogh4igh k&uflingRh 8YfoducBandi el d em tter displays, discrete |ight
emtting diode displays, plasma panel displays, EL displays, projectors,
and cat hode rasylingglaeh shid ptaglyt, toggBeni@obir0BBamcpEalueS2 cadttskd Hsdple A
met hod of converting a source pixel data of a first format for a display of
a secorfd"Tormat havi ng a plurality of three-color pixel elenents,
conpri sing: deter Mt Mghdéddf CREMI2MRRr 5BASsiiOitoRRE fhid adtdf PALIMnsf each
color in said source

20  said first format in display hardware.

3. The method of Claim 1, further comprising storing said set of fractions of
said first format in display software.
4. The method of Claim 1, further comprising storing said set of fractions of

said first format in display firmware.

25 5. The method of Claim 1, further comprising driving the display with said
luminance values.
6. The method of Claim 1, further comprising storing said luminance values.
7. The method of Claim 1, further comprising transmitting said luminance
values.
30 8. The method of Claim 1, wherein said data of said first format has one-half as

many said three-color pixel elements horizontally and vertically as the display of said second
format.
9. The method of Claim 1, wherein the display is selected from the group
comprising liquid crystal displays, subtractive displays, OLEDs, electrophoretic displays,
35  field emitter displays, discrete light emitting diode displays, plasma panel displays, EL
displays, projectors, and cathode ray tube displays.
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pi xel data of said first format; determ ning resanple areas for each
emtter of each color in the display; 10 determ ning for each said
resanpl e \woda/ogu3per cent age overlap area of each overl appiPag/Esaz/teeiopl i ed
sanple area with said resanple area to obtain data val ues; and multiplying
said data values for each said inplied sanple area by said percentage
overkap area jpesulg hRehdddbraomfeddHics so@&ﬁp&é@a%fe&aﬁﬁt Rtk PF Qiplaylopget her
to obtain |um nance values for each said resanple 15 area. 11. fs{e met hod
of O ai secb@d féumat heving amburakityrod tlse@colngplsal fdememtsm‘ompmmgr ons of said

first format jipn display . hardware. 12. T mlO further
conpri si ng sldS{éf nggip%plgegtsargv\gfefafegégpro%gﬁ gfta pgg}td?? ?‘CI%IS“IO G P e oy spl ay
sof t war 8;xe?Batd 3f s SirstEbARM; of Caim 10, further conprising storing said
set of fractions of said first format in display firmware. 14. The nethod
of O aim 10, de@grmingng rc@mpplﬁgmgf@eavh egitteh of eaohsiokyy imiterdispddyd | umi nance

| The method of O 10,, furth t id
! mifiance  vatHEghmiagor gecrrd! e b “Grar e o FURCHE! SLORBr i oi ng

t r ansni bbergtg)pﬁag $Aid wplRARGRpleidaURTh said reshild@ENRCbHdin Gh@ivalu,anwher ei n

sai d data sald first format has one-half as many said t hr ee- col or pi xel
el ement s hor inrowplaingsaighdnta ealvgsdar ¢aghsaidtinwliad sanply aesh bysaid pescsatagd f or mat .
30 18. t ho rein the display is selected fromthe
group -(J;; Gl arQa%sﬁLftmgn?hg}ojdgg F{&gl spl ays, subtractive displays, plasna
panel di spl ayladmglea@h §&@d§1}0§uet t163ckos to ebteimt lnpphacevhlacwios phchysaid kéhple
emtter displays, discrete light emtting diode displays, projectors, and
cat %dea’feéy tube displays. 19. A nethod of determini ng i nplied sanpl e areas
for each datgpoi EEEEE i 70! Bl bR RACFork] Abes rst
format for a gh spﬁtattl)(?q;lo (gd:second ?’or r%atrrbt? \}ﬁ ng Or ura éléty cr)?guoﬁré% col or
pi xel ebﬁdﬁnSﬁomﬁmdlsplmy@arﬁvhrm 02/ 091349 PCT/ USOZ/ 12610 5 determning a

geonetric ce eac ter of each said. three-co el e nt of
said first fd TP Sl Pt o s ek DL AR R g | e
sanpl e @éi@%r?&fohhﬁ% didpRly sBfifafeOr med equi di stant bet ween

20 " 13.  The method of Claim 10, further comprising storing said set of fractions of

said first format in display firmware.

14.  The method of Claim 10, further comprising driving the display with said
luminance values.

15.  The method of Claim 10, further comprising storing said luminance values.

25 16.  The method of Claim 10, further comprising transmitting said luminance
values.

17. The method of Claim 10, wherein said data of said first format has one-half
as many said three-color pixel elements horizontally and vertically as the display of said
second format.

30 18.  The method of Claim 10, wherein the display is selected from the group
comprising liquid crystal displays, subtractive displays, plasma panel displays, EL displays,
OLEDs, electrophoretic displays, field emitter displays, discrete light emitting diode '
displays, projectors, and cathode ray tube displays.

19. A method of determining implied sample areas for each data point of each

35 color in a source pixel data of a first format for a display of a second format having a

plurality of three-color pixel elements, comprising:
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said geonetric center of said emtter of one said three-color pixel elenent
and said geonetric center of another sanme color said emtter of a

nei ghbor iwg ieadd44 hr ee- col or pi xel 10 el enent; and form mgTaISgr/iId1©f said
lines. 20. The nmethod of Claim 19, wherein said grid of said lines is

di sposed in a tiling pattern. 21. The method of C aim 20, wherein said
tiligg pattergchsiges %&cﬁﬁetﬁ& QBAENST cadiPe@tRHBf SRARMIIShRE-BMH PI@Pelement
rectangl es, triangles, hexagons, octagons, dianonds, staggered squares,

st agger ed said dirgtrigines to éemmngﬂimgrppmm;l es, Penrose tiles, rhonbuses,
distorted rho uses ger e?l et erm ni ng

resanpl e ar eA€TREE cath gg{lﬁh aRp eof’(fjrla aﬂ%ﬁn‘aﬁlérﬁr‘? ﬁ)rglea%’ﬂffl@@ngﬁ’?‘é@erhat a of

a first safargéaﬁlefr&rceﬁte%ﬁmlaxnﬂter%f%ﬁ&wth}&r ORbr AV dMnéhtRh@sad i ty of
three- 20 color pixel elements, conprising: determ ning a geonetric center

of each geninetrisrcenter ebaivtlsaisame ho]@esmdbmﬂtteppfemelgbb@nmﬁaid dheder-qolargizsdch sai d
resqul e are %é lines that are forned equidi stant between said geonetric
cent ’cf1 mtter of one said three-color pixel elenent and said
geonetric 230gﬁﬁggrgﬂgfof@gﬁtm@§ sanme color said emtter of a neighboring
said three-col or pixel elenment; and formng a grid of said lines. 23. The
met hod of O &0m 2Xhevieihed of Clair 1§ Wherein seih gtid ofrsais] lines ds disrpsediin atiling i | i ng
pattern. a&gr 24. The nmethod of Claim 23, wherein said tiling pattern is

sel ect ed) Om t he group conprising squares, rectangles, triangles,

hexagons, oct2agonsthedh@th®DasClash 200@h&@din saifudingShatisindig gele@dd fremttaangl es,
staggered triangles, Penrose tiles, rhonbuses, distorted rhonbuses, and
st aSSer O] GOVRITISHE SIgaren, Thetangles. iangies thﬁgonrs. patagongedinapnds; siagssied i n a

filter ks ﬁzﬂ@é g% gétf At 1e§5st9§‘g§k&1f”cﬁﬁnée& pL %é fids NASARRLES, dl{f@#&ﬁent ations,

conpr i SI ¢ frens r co Icients using floating point
arit hrretrhmnbusﬁ& a\ﬁﬁ)s&gg&ﬁdaﬁmd?ﬁil US02/ 12610 5 dividing each said filter

coeti ol ent by A Lol S8l S hdering 2L ea Lo ISEelue B LR n s .
sum source pixel data of a first format for a display of a second format having a plurality of three-
20  color pixel elements, comprising:
determining a geometric center of each emitter of each said three-color pixel
element;
defining each said resample area by lines that are formed equidistant between said
geometric center of said emitter of one said three-color pixel element and said geometric

25  center of another same color said emitter of a neighboring said three-color pixel element;

and
forming a grid of said lines.
23.  The method of Claim 22, wherein said grid of said lines is disposed in a tiling
pattern.
30 24.  The method of Claim 23, wherein said tiling pattern is selected from the

group comprising squares, rectangles, triangles, hexagons, octagons, diamonds, staggered
squares, staggered rectangles, staggered triangles, Penrose tiles, rhombuses, distorted
rhombuses, and staggered diamonds.
25. A method of limiting filter kernel divisors in a filter kernel to a value
35  designed to simplify hardware implementations, comprising:

calculating areas for filter coefficients using floating point arithmetic;
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conpleting a binary search to find a round off point for said filter sum
and converting said filter sumto integers. 10 26. The nethod of Cd aim 25,
wher ei n swod2adMisor is 256. 27. The nethod of C ai m 25, fPamtuser/1semnpri Sing
using a coefficient in said filter kernel and adding a nunber to force
said filter sumto equal said divisor. 28. The nethod of C aim 25, further
conpki si Ng usdifiding eaeeédid GiltedoekficiSRive of thial flea ok & Fdi@bridNgles Ublcb@6s hNg a
nunber to force said filter sumto equal said divisor. 15 29. A nethod of
oper at i dysigpadicl sanpling filters, conprising: detecting subpixel
rendered areas;..turnin n.a f.irst set.of spatial ling filters for said
subpi xel ren ?I&ijyé‘}gesﬁgj iiﬁ)ﬁtprlpgg%j)) sae(%f’%ogtgi 50%%?8@%%% ubpi xel rendered
areas; det eCtdoRgplaiR@-aiiRl Xelrck RNGIRT £ehuat @@SHoidTer S filléHuRg afd a second
set of spatial sanpli ngffllters for said non-subpixel rendered areas in

response to s@nderdpg sad figr fontosiniagessel rendered areas. 30. The method of

d ai;m 29, wh in i i i xel e eas conprises Rx &
and 1By 22, "Rty R el SFCA 23 SRRl FIREAE 2 °0° 5 1T a
wherein R is7a valbsendhod efiClalm 2, furthet ceenm@fsingreely, a enrdficentsn said fiket
position in_a row_ of pixels. 25 31. The nethod of (. aim 29, wherein said
det ect i AgrelBpd adding apyBbEdo Apree said dgpsuma sequpl @Id diVBORX 1 + R, + R, +, +
o2 - G2 B Cliheindiod of b 25, MEL dhngTisieh Rik UReHi Akt if o Fike @

val ue of green, and x Is a pixel position 1'n artowof pixels. . e

met hod d&err@l andrsib@actidper mimbes ao tbrde sad filtagsusutpiquel saicedidsped ar eas

co ises R, # a and 2 + Rx 1+ Rt + +1 + RXt2 = a (Gc 2 + & 1 +
G(anC%Hl + C%?+2)%%&m&@?ﬁraﬁng@%139%‘%{@?1&6%B?m%“?lgg:a val ue of green,

ais a COI’lSt%&eotiﬁg%ﬁbée?r@&dpﬂe&%}eagpsi tion in a row of pixels. 33. The
met hod of C aim 29] erein said detecting subpixel rendered areas

conpri ses Rx trnai@omanfirsRset bf spaRel saniling filteRy for 9aid subi(ixg] remRiere@lareas@x +
Gx+1), wherein Risd? .val e.oEl rngjdfedGis.a value of green, a is a
constantr,eSpgﬂﬁﬂs?sialél 5%@%?“ o5T LTER S 5 ow of pi xel s. 35 34. A nmachine
readabl e nedidsmctian gbbbobpetdd edideRd adeaSe4ndof i nstructions executable by a
machi ne for performng a nethod of converting a source pixel data of a

firgd 39 WO tomimasyseprisaish spatipbsanplmerigiensior pridnag sebpikdrendered of
three-cql gl fiﬁ)ﬁ%ﬁé)nsglt(? @h&e& grgqngéu%ﬁ{x%)’re%ergd %gagﬁ”d format having a

plurality o ee-col or piIxe enents, sal od conpri si ng:
det erm ni ng i3l i ekhesasrhdEoBClras 20nwhertirsaiddetatidgkabpiedl uendetd aecgh dat a
poi nt Ofcomprises Ri#G,and R, + R, + R, + R, + R, =G, , + G, ; + G, + G,,, + G,,, , wherein

R is a value of red, G is a value of green, and x is a pixel position in a row of pixels.

25 31.  The method of Claim 29, wherein said detecting subpixel rendered areas
comprises R, # G, and R, ; + R, + R,,; + R,,, =G, + G, + G, + G,,;, , wherein R is a value
of red, G is a value of green, and x is a pixel position in a row of pixels.

32.  The method of Claim 29, wherein said detecting subpixel rendered areas
comprises R, #aG, and R, , + R, + R, + R, + R, =a (G, + G, + G, + G, + G,,,),

30  wherein R is a value of red, G is a value of green, a is a constant, and x is a pixel position in
a row of pixels.

33.  The method of Claim 29, wherein said detecting subpixel rendered areas
comprises R, #aG, and R, , +R, + R,,; + R, =a (G, + G, + G, + G,,y), whérein Risa
value of red, G is a value of green, a is a constant, and x is a pixel position in a row of pixels.

35 34. A machine readable medium tangibly embodying a set of instructions

executable by a machine for performing a method of converting a source pixel data of a first
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each color in said source pixel data of said first format; determ ning
resanpl e areas for each emtter of each color in the display; 10 formng a
set of frwotwons4d or each said resanpl e area whose denom RETArSe2/:m6a0 a
function of said resanple area and whose nunerators are said function of an
area of each of said inplied sanple areas that at |east partially overl aps

i d | -l tipl i ' | ue..f h sajd inplied
oo St By g &l Ronk-So BB P Rordnli G R8Pl - “ana 15

addi ng @a¢ing aletaRiydukilee ORE hRET el BB lsaidmbinbl bampasi@l ues for each said
resanple area. 35. The device of Claim 34, further conprising storing said

set of fract ideiesmifing wapligdfshmple afess ime form of s@dtayalba fawackedatdpoinTole devi ce

of Claima34, .further conpti si tori.ng.said set of fractions of 20 said

i st 1 oot ar s i5 R i of S AR, Ce o oaim 34, furt her

conpri sing stiefetMthigicdariflt afths foraaéh enfte®@bf eicdldr ik Gk dﬁégﬂz@at in display
r

firmvare. 38. The device of C aim 34, further comprising driving the
di spPay wi t h femnigg alsefrpfdeastensiar ¢eas saipgemplT higa ddwscdenomigitans aresal, furt her

cormr HiRh B LIRS 0 PR AR B St A,

d ai m 34aidwheried sunsle dredathat aflesapatifily sterfaps bl rd3agprngeRal f as many said
t hree-col or pixel elenents horizontally and.verticaIFy as the display of

sai d second THBLPigRI dage Vathelon B4BId RteHiSAIBIS ATGiHRY 45 FSRREVRED ay | s
oL et ot PH RSO 300 L) 0 cryStal s v subtactive
di s¢fete |i ghtdiegiehdh said priodoke e &y shtajnl lamiranpanadhiesdios pdchysid redample
di spl ays, Pr oj ectors, and cathode ray tube displays. 35 40

35.  The device of Claim 34, further comprising storing said set of fractions of
said first format in display hardware.

36. The device of Claim 34, further comprising storing said set of fractions of

20  said first format in display software.

37.  The device of Claim 34, further comprising storing said set of fractions of
said first format in display firmware.

38.  The device of Claim 34, further comprising driving the display with said
Iuminance values.

25 39. The device of Claim 34, further comprising storing said luminance values.

40.  The device of Claim 34, further comprising transmitting said luminance
values.

41.  The device of Claim 34, wherein said data of said first format has one-half as
many said three-color pixel elements horizontally and Veﬁically as the display of said second

30 format. ‘

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

35
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