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(57) Abstract: A method of converting a source pixel data of a first format for a display of a second format having a plurality of

three-color pixel elements is disclosed. The method comprises determining implied sample areas [120] for each data point [122] of

each color in the source pixel data of the first format. The resample areas [52] for each emitter of each color in the display is also

determined. A set of fractions for each resample area [52] is formed. The denominators are a fanction of the resample area [52) and

the numerators are the function of an area of cach of the implied sample areas [120] that at least partially overlaps the resample areas

3 [[52}. The data values for each implied sample area [120] is multiplied by its respective fraction and all products are added together
to obtain luminance values for each resample area [52).
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RELATED APPLI CATI ON 10 The present application clains the benefit of the
date of U S. Provisional Patent Application Serial No. 60/290, 086,
entitled "Conversion of RGB Pixel Format Data to Pentile Matrix Sub-Pi xel
Data Format", filed on May 9, 2001, U.S. Provisional Patent Application
Serial No. 60/290,087, entitled "Calculating Filter Kernel Values for
Different Scal ed Mbdes", filed on May 9, 2001, U.S. Provisional Patent
Application Serial No. 15 60/290, 143, entitled "Scaling Sub-Pi xel Rendering
on Pentile Matrix", filed on May 9, 2001, and U.S. Provisional Patent
Application Serial No. 601313,054, entitled "RG Stripe Sub- Pixel
Rendering Detection", filed on August 16, 2001, which are incorporated by
reference herein in their entirety. BACKGROUND 20 The present application
relates to the conversion of graphics data formats fromone formto

anot her, and specifically to the conversion of (red-green-blue) RGB
graphics to :




i nproved col or pixel arrangenents used in displays. The present state of
the art of color single plane imaging matrix, for flat Jgan@bber@pepl ays, use
the RGB color triad or a single color in a vertical stripe as shown in
prior art 25 FIG 1. The systemtakes advantage of the Von Bezold col or

bl endi ngWef 288349 expl ai ned further herein) by separat iPeg/ustea2élar ee col ors
and pl aci ng equal spatial frequency weight on each color. However, these
panels are a poor nmatch to human vision. G aphic rendering techniques have
beerd devel oped to inprove the inmage quality of prior art panels.

Benzschawel , e [ . Pat e 5,341 153 te how to reduce an 30
i mge .of a | arégm@#&%wﬁﬁgaﬂéﬁoﬁ%@%@gmé@%ﬁﬁg Bei i zschawel ,
et al. teach how to i nprogepMKH/BAEAGTGRVAY USing a techni que now known
in the art as "sub-pixel rendering”". Mre recently Hill, et al. in US.
Patent No. 6,188,385 teach how to inprove text quality by reducing a
virtual imge of t i } the very sane

sub- pi xel renderi ?gqse%%éggﬂ@%%%ﬁﬁeo@ar pay i nadequate

at tEnti on t clHe@weséit applicatichi ciimoOhe haiiefit of {the@ate pf WSl Pravikiofal PReANSt r uct i on of

t he i mage py.the .displ gvice js poorly matched to human vision. 26
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sanpl i rl@anﬁlérMﬂﬁﬁSﬁ@Pix@HDat@P&r&aP’?ﬂleﬁtoﬁMﬁg), bR, UM SR vIsRhal fatgEe displays is
the RGB pi xel (or three-color pixel elenent), 1n which the red, green, and

bl ue vahppisatigneSetial Nm 6¢/29Mhe%oertited {Uatulargthiltsr KemsbValbésdor Qiffertnaind ar e
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spakSed. GOE0114A3 eatifaidiSoding Snb-PiebRendeting bt Puntile Mditfif x', GildduiMayle) ﬁ&thsi on. This
effectively resylts in redupdant, or wasted, information in the inmage.

Vhr 1 ndB Y -dgassions] Palen Apphshion Spial Moy SG15.054 0Bl R G SPe b s, ot al. in
U S. Paigd)Rending DeRfiontI8ed 678Nz 16 ODOY, WHRE LR iﬁ&ﬁ‘ﬁ)f'cﬁzitéd B Wrerdnet © | MBges
fromR@ pixel format to a format that i's very nuch |ike that taught by
Bayer ih¢rain 1 thebentipety.-No. 3, 971,065 for a color filter array for imaging
devi ces for caneras. The advan f}ﬂ% Martinez-Uriegas, et at 15 fornat
is that it both captures and sp%?g{s@[tg%e i'ndi vi dual col or conponent data

wi t20 si m | aThe presint giplisaivplrélatgs tortbagoaneiios ofggaghiogenta YorsiagironHasever , a
first disadvantage js that th Martinez-U i ega |. format is not a
G00a. PRI GPIR S PRRC e e GBI et P ReRieiehGaon,

Marti neﬁpmb@gﬂ@,pmlaﬁngeﬁéﬁmsggmsﬂm to convert th_e i mge back into RGB
pi xel format. Another disadvantage of the Martinez-Uiegas, et al. format

i s that one T8¢ Picfrat S ebiie art ebepienféiglesplaneimeging meiselor A presd, s not
regul ardighlgamel &8 RGENGIE 1dCor Dsigle 1108 A PYefifeal stripe as shown in prior art

25  FIG.1. The system takes advantage of the Von Bezold color blending effect (explained

further herein) ny separating the three colors and placing equal spatial frequency weight on
each color, However, these panels are a poor maich 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 “sﬁb-pixel rendering”.
Mor_e recently Hill, et al. in U.S. Patent No. 6,188,385 teach how to improve text guality by
reducing a virtual image of text, one character at a time, using the very same sub-pixel
rendering technique.

35 The above prior art pay inadequate atiention to how human vision operates. The
prior art’s reconstruction of the image by thé display device is poorly maiched to human

© yision.




in the array, reducing the accuracy of the reconstruction of the inage when
di spl ayed. Full color perception is produced in the eyedyctbbd-eaosol or
receptor nerve cell types called cones. The three types are sensitive to
different wave lengths of light: long, medium and short ("red", "green",
~and " bl R/ Be¢hectively). The relative density of tRETUHERES

wavel engths differs significantly fromone another. There are slightly nore
red receptors than green receptors. There are very few blue receptors
conpar ed t o Thedominagimedel need épiaopling, of genaciting,iaod theo stoking theimagef@cept or s,

there are relatiyv | engt h i nsensitive receptor.s called rods that
contri b@?sg dfs. ﬁﬁ%ﬁglﬁ,ﬁ%ﬁ@“ﬁ?@ﬁ@rﬁcgp%ﬁ%mﬁ%n W@F@&‘Sﬁeds%‘fneﬁ? rocesses
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| um nance, chromanance, and notion. Mdtion 1s only inmportant for flicker
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perception is negligible.” Thus, the error 1ntroduced by |owering the blue
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or emtters) of 10 a displ aai/ to be perceived as the m'xed color. This
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25  wavelengths differs significantly from one another. There are slightly more red receptors

- than green receptors. There are very few blue receptors compared to red or green receptors.
In addition to the color receptors, there are relative wavelength insensitive receptors called
rods that contribute to monochrome night vision.
The human vision system processes the information detected by the eye in several
30  perceptual channels: luminance, chromanance, and motion. Motion is only important for
flicker threshold to the imaging system designer. The Iuminance 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 thap 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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all ows the sub-pixels to serve as sanpled image reconstruction points as
opposed to using 20 the conbined sub-pixels as part of 2 odbbee200% xel . By
using sub-pixel rendering, the spatial sanpling is increased, reducing the
phase error. If the color of the imge were to be ignored, then each

sub- pi xeiWQT‘Eﬁ”?@rve as a though it were a nonochrome BSTASIY26Mch equal .
However, as color is nearly always inportant (and why el se would one use a
color dis pl ay~ % then col or bal ance of a given 25 inmge is inportant at
eachS | oa@llqe@ie yrtheigiostiphesesiive Vpﬁvwellf stefde ckpegehiget Kedomamd SASAni ntai n - col or

i nandats RERERERpEIR Mt 1 0R0 o Mgl F A O AR e BT 1 e

col or s@bumiiBlofction mlsplmgsmngwIMS)qaweoremonmedapproaches t aken by
Benzschawel , et al. in U S. Patent No. 5,341, 153 and HIl, et al. in US.

Pat ent No. 6Colgipergpionds wiluenced By a prgcess ealledosimilationd]| or i Vg BegelAni que t hat
30 I f
apD! biey Wlp AKEA. FRIE W Aok ebi? iy 158G 0P BRANALCoreRlifiy pPONeNt. 0

a higher reso ion wvirt I mage I ance
i nf 80 mat digplaylitvds peoeived dsake mixeth color dis Woldog effedidapmshs ovef a given arr angenent

of the sub:pi.xels tIlTB.| Qr su i xel render.in i.xel

renderi W}ﬁgﬂﬂs%mﬁr‘%%eg’lg 9 Vieve I,%eggxge Pﬁthgﬁfﬁvglﬁféfﬁr%ﬁ bl%%‘&?%’ﬁ"é%@?% ity to | ower
phase eblesdinglitgipens Svdra ghéuehi hagie @ bilie @Rs fered bt G édn0 ThisMidmncdisgh spati al
frequency resol uti on i n both axes. Exam ning the conventional RGB stripe

di spl ay2HPFPXEmetely 9,255 s blsiecuhile fariad T Sigenl 15 RPpreRimptee0. a%)pﬁtééaﬂ“@ng n the
hori zo n&%%cgyn;f ﬁwel@lﬁch% ¥e,58 h\%@'&é% mhéumb I].lz §£ ﬁﬁisiﬂ%g 4 *?kg}s chfgen 26

Cct ober um nance chan ore fec ive in

sublpi xsib-pixehplitohiinlyss tharmicf (623 ) dftids blestingpithghe evlopiwi biendwithassef ul i n
sub- pi ><]8 renderllp?g the effective increase in addressability would be

t wo- f ol fRIAERaili; zont al axis. Vertical black and white |ines nust have

the two dorgupai¥el ﬁﬂ&rﬁgxﬁhﬁ nfdst sﬁnpnsﬁ@finpwﬂen%eﬁrb eﬁfes%%&inﬂhe% or white
line) in each row. This is he sane nunber as is used in non-sub- pixel

r ender emmlwyegroxwelwal lmhtmsa pixelaperceiybd by the lupingiosghanaeleBhis| y di splay a
gi ven B%Ehe%b 1B $ &%§Q?xﬁﬁ§d 1Iﬁa &%nsgrp %ﬂtsbaéé §,§'(Qea @'.féﬁ% rendering.

Thus, t e conventiona pe s prx angene wn in FIG
1, 20s rtbt coptinedmbib-bixels s parpofeetrue’ qmi:ermgpmgTdub-ppxel endaing, the spatigenent s of
three coI O{ull i xel el erTEnts tgre shown to be both a poor match to human

vi si on % I8 e e uGns, NG PRSE A que of sub- pi xel rendering. Likew se,

‘the prior arfthé Bal@rie ifREEwaRd BORNREES iHRA e AP PHepingy SrR% Match to both
human vi sion and practicable color emtter arrangenents. SUWARY The

dr awbadRREBAVEr & BegeaRroRIixs caglheaual iHsveser; asolor &\ AspHB A ARy t he conver si on
of RGB jRip¥@Ant {Rb WY R8WRAulkidnE R dofl WspaYH)] therSttisrbhutitite #alpivehOr Mat .

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 2 common anti-aliasing technique that

30 - applies displaced decimation filters to each separate color component of a higher resolution
virtual inage. This ensures that the Juminance information does not alias within each color
channel.

If the arrangement of the sub-pixels were optimal for sub-pixel rendering, sub—i)ixel
rendering would provide an increase in both spatial addressability to lower phase error and

35  in Modulation Transfer Function (MTFE) 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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In accordance with a first aspect of the present invention, there is
provided a nethod of converting a source pixel data obhgadiddesodar mat
having a plurality of three-color pixel elenents for a display of a second
format having a plurality of three-color pixel elements, conprising:
~determining inplied sanple areas in a formof a data value for each data
poi nt of each color in said source pixel data of said first format;

determ ping res |.e reas .f or h.emtter.of each calor in,the display;

For m g N Garc® SRR Con ¥ RN nob SRR ' sl he SO cplelinidiom it o &

~are a funtgeanpisdls s uckilds siiPhiRelatRiRriag) dhoTREGve iNLIBBRE Al Aldsesadbitgai d
function of an area of each of said inplied sanpl e areas that at | east

par t i al Fouid\psiveiddnthe hodzoniaazisaY etical biagk endywiite lipes ugt haxe theyPue for

each sajgninghlshbPixeBIP! Bd LG Bper bRNHERRGE Whi€1iRd iifledch AGF. @K s esul ting in
a product ; and adding each said  product together "to obtain | um nance
val ues thgsameaowmbeiag isrgehinmion-sel-piel erdesssiinagksnee MilFhwhick sdbnd aspect of

the pre i i . e | i . .0 AN a source
pi el gy gp S ReBy AiR iRt osfRHIRE0 i Hen GRNGY Sc0, D0
pl ur al i pixclatndehing eFtmal the copivergion IREHR ntipe subepipd] iaghm@menieheshoivaiing | npl i ed
sanpl e as for ea dat a. poi nf .of each color in said source pixel data
of sai _dFﬁ'ﬁs‘tS“PB?WB,E?(H@?%PWFHF?%“P%saan e areas for each enitter of each
col or in theTkd ik Y a8 oTHRE-doRr pixBPddnéniiatk JhEWAR Do G0 PEr Cent age

overl ap area of each overlapping said inplied sanple 26 Cctober 2005 area
with samdichéshpneigienendte thetpcaeralizgd teshpigreefsub-pig! rendaringl Likewiseai d dat a

val ues fi@ %ﬁoﬁﬁ?@na%@if&ﬂa@hﬁ @&vﬁ%@'n‘i’etﬁ&uﬁ gl'ebcypc?%?ilngB% G&ﬂh@lﬁﬁ‘é Qugh! ap area

resulting’in a product; and adding each sai'd product together to obtain

| um nanaw! prajtigade dor eatér asangemeasanpl e area. I n accordance with a third
aspect of the present invention, there is provided a nethod of determ ning
i nplied sanple areas for each data point of each color in a source pixel
data of a first format for a di spUspaRya second format having a plurality
of three-col or ige el ements, conprising: determning a geonetric center
of each eni tTféerdrg\ff % d&%%van&aaqsé’gﬁww kg QYereqnaRhe enversion of | r st

format k@BYpid REmaAIR 0PN PRI™M bisirid@blL kg8 3Ghaeai d i nplied sanple area
by lines that are fornmed equi di stant between said geonetric center of said

emtter of omeaceufance withe-firglasreciiitled preseamiamentiondheraisbrgedeted ri ¢ center of

anot her : ' J: i ' ' - or pi xel

ol omont 7o ATE SR g ldhe il Bhiy 8 il BRI AU bROERGRCT 01
aspect mkeltelemcptsdaendisplapaiatseamd foder Baving pploslided three-n@bihgidelof det er mi ni ng

' resarrpIFI\ a‘%nﬁ%s for. .each data oilntd of ﬁach coI?r é@ ﬁ SO rc&frpi el data of

a firstoFBYHutoTBYSE dFEPIape PP CSBUBINE R Fhato Y P AY2 2P (F&PTY y of

t hr ee- caakDfoiftiof @hch celoR eI Bsoue Pkl St safliefirel foot @ tedmS REdnhle cent er  of

each emtter of each said three- col or pixel elenent; defining each said

- resanpl %eaérf‘éraFaER/efPFW’é%f sefntoleria theshispiay; ingj asebeftfractions for each said

resample area whose denominators are a function of said resample area and whose
numerators are said function of an area of each of said implied sample areas that at least
partially overlaps said resample areas; multiplying said data value for each said implied
sample area by its respective said fraction resulting in a product ; and adding each said
product together to obtain luminance values for cach said resample area.

In accordance with a second aspect of the present invention, there is provided a
method of converting a source pixel data of a first format for a display of a second format
having a plurality of three-color pixel elements, comprising: determining implied sample
areas for each data point of each color in said source pixel data of said first format;
determining resample areas for each emitter of each color in the display; determining for

each said resample area a percentage overlap area of each overlapping said implied sample
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bet ween said geonetric center of said emtter of one said three-col or pixel
el ement and said geonetric center of another sane col og xaddrenpiter of a
nei'ghbori ng said three-color pixel elenment; and formng a grid of said
lines. In accordance with a fifth aspect of the present invention, there is
provided a nethod of Iimting filter kernel divisors in a filter kernel to
a value designed to sinplify hardware inplenentations, conprising:

cal culating.areas for,filter, coefficients.using. floatin gint arithnetic;
v di ngrB A e Pl E Sl SE g g R BB g e e
t 0 receieyd saidfiimphéd famplilgda byidipepdetagdoeaihglarba restiltipg miciwbdiry, add di vi sor to
produce a filter _ su compl eting.a binary search to find a round off point
For sai adding fac &g ﬁfoﬁ]aﬁaog%@aw T BeBange Vfﬁwtsgf?r CETIOSHRIGETS I n
accordance Wiyt ftcardihoétithashed hspeét JrR RELHGMentifY 8Rkd RProvid¥@e 1S provided
~a nethod of operating spatial sanpling filters, conprising: detecting
subpi xemcthod 9 determanipg guplied gampla greanios eqdhrdgta poat obgack pelor ila sewiepl i ng
filters ' ' e ' - id ecting
subpt xePPPLRE S BB horatinply e LGRS el PRI ral§ o Bt ARRS

t ur ni ng poel demsatsy ndnméingoficterpaning b geamgitic oantdriof tah smittar of edctl smdn- subpi xel
rendere

e et o SR BB P B, St e B B R hFCRE o o

i nvent i @fipliedR&hSle iafea BY BiéstBal afe foffRéddqURlidiRR Bakleen SRDidemetrRNGhiet of enbodyi ng
a set of instructions executable by a machine for perform ng a nmethod of
conver t Pa¢ craittepofons sy fare-eplerpixdl cleneptagd spid gpepetiacanty of angiistiral ity of
thr ee-colQr . Jlirsili RiRITBPA Sei iflg id RréYcd?s SR L.RrdRk: L@ a
plurality _%_ It ﬁlr ge-lcol or %%Fﬂ%?éelrrent s(f éf:f?x met hod corrprllnglg%:

det er mi of sagl linepl i ed sanple areas in a formof a data value for each data

poi nt pf . eacf‘n é%%’(')r%r ce r\}vit%aai Sy AhEs P )éel sgn"%tir?v rqtfionsﬁlielde if i fo%dedf or mat ;
determ ni ng resanpl e areas for BRER BT TR O ¢ n°cor BV fhe di spl ay;

f or m ngmathod oficta@midin@ kil afeay foe adh daripdint 6baBptelotihaaombepkeldenom nat or s
are a fynctpop of said r.esa e area and, whose nunerators are said _
functi o atg ol st ggatder TSN sarer r Eﬂflﬁ%%ﬂﬁaggﬁé'gge-fﬂa{ pixd | cast
parti al bi¥memechRaBSsiS@iddiehBRHIR RoAELR Tenttlflehdd iR Tahdh drtiBreyal ue for
each said inplied sanpl e area b% its respective said fraction resulting in
a produealer pixal clemeat defindzadack sdidirqseropla erca by feesibat arpfoppedgaridisignt nance

~val ues {or.easch O@?ﬁ%ﬁ%ﬁéﬁ%f@aiﬁ%ﬁﬁﬁm E?: sa 510t Q}'elgfeﬂégbﬁaw NGS

- Referring now t igures, wherein [1ke el enents are nunbered alike:
FIG | gdomegriao@hesoanptheosangrcbloRrGEd sinftiep of amaighbgengesuid hfeetdolegixebl or pi xel

11 ust rared f8 Grrdle efet B8 BiSel T ender i ng sampi i ng points for the prior
art RGB strinpec@tane gefmfifthakpdot 6 thd present invention, there is provided a
method of limiting filter kernel divisors in a filter kernel to a value designed to simplify
~ hardware implementations, comprising: calculating areas for filter coefficients using
floating point arithmetic; dividing each said filter coefficient by a total area of a rendering
area to receive a first product; multiplying said first product by a divisor to produce a filter
sum; completing a binary search to find a round off point for said filter sum; and
converting said filter sum to integers.

In accordance with a sixth aspect of the present invention, there is provided a
method of operating spatial sampling filters, comprising: detecting subpixel rendered areas;
turning on a first set of spatial sampling filters for said subpixel rendered areas in response
to said detecting subpixel rendered areas; detecting non-subpixel rendered areas; and
turning on a second set of spatial sampling filters for said non-subpixel rendered areas in

response to said detecting non-subpixel rendered areas.
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~'in a single plane, for

FIGS. 3, 4, and 5 illustrate the effective sub-pixel rendering sanpling
area for each color plane of the sanpling points for theydsieerosgt RGB

stripe arrangenent of FIG 1. FIG 6 illustrates an arrangenent of
three-color pixel elenents in an array, in a single plane, for a display
device; FIG 7 illustrates the effective sub-pixel rendering sanpling

points for the arrangerrents of FIGS. 6 and 27; FIGS. 8 and 9 illustrate

“alternative ffect -pi xe] rend I|n reas for, .the blue
col or plane SAAPFY ﬂ%‘ti‘rﬂgv 45PR gﬁ’?é’%@%‘ﬁﬁ ’é‘“‘g‘ﬁ ﬂ’ﬁfe(%pmé”dﬁfiia 27; FIG 10
i |1 ust r aiREina RAHAMES m@dlﬁﬁﬂ@%@ﬁém&fdyﬂgra%@t&%s@ﬁctﬂin& SkecBlaBRBLS i N an array,
a display device; FIG | illustrates the

ef f ect | WEECHiR IpiPREHRgRIBE A okcomprIipga porGerExel date phafirshiormpidemest of FI G
10; FIG, 1k Rl r f lihg ar eas
foor the uEl tyggﬁg{e%ﬁﬁgggeéﬁﬁp{l ng¥ %gis@g};ofd 80 dﬁ%é‘%‘é‘gnﬁmﬁt’nm G 10;

26 Cct oloéﬂlrezﬂ@@r@b@sﬂa_@elmdaldmetholdwgmpasm tdhtenmﬁhecmphﬂi smplegirseelin r ender i ng
sanplin e es for s ments of
borh i SOES b e b R P BRI B U Rstoilel IR oPLPARE DT,
t hei r efférant; idutemmmlr@aﬂpleaseafs ﬁ:l’r each dpiitt@rof asich cplaxei thelaisplajr dbmmihg ai N Whi ch

the red and bl ue value are on an equal spatj al ution grid
and co- F??%ifg‘é?ﬂons e%@s@éﬁﬁ%@#’ 8 gﬂ‘geﬁ“ﬁ@@?f’g?&o 5 FIG 16

i1 ustr adsemplefeadhd ﬁrﬁoé&huﬁﬁ%r@ar@@.hlﬂtﬁ&cﬁ&n & dnQfeadfTleadnl dPsaid Impiver | ai d on the
sub- pixel rendered sanple points of FIG 11, in which the sanple points of

FIG 15 Sﬁﬁléﬂ ansas thet at leaskparsiphy perlapsessis) resample ayeasmuliiplyéng saidcdagievaluoni t h t he
red and I tes the
array o rrp e&gjgﬁ%(fgsm@?%%@y%%fs ae)[szvtelSgig(j?!';‘agl'}rr(é])q rgﬁétr%ega&%&# (l’duldts (%Jéé 10 art
FIG 15 adndzmg ¢agh eaid protihe tdgether ©albtain lnhenmaces ealyes forgacly ﬂakresdmlﬂé @.ea 12, in
whi ch the sanple points of prior art FIG 15 are on the sane spati al
resolution grid and co-incident with the red and green "checker board"
array of FIG 11; FI GBRlﬁpbhEJs@mFﬁo@sopuHEqnmwmt}ssarrpl e points and their
effective sanple areas of prior art FIG 15 overlaid on the red color

pl ane sanpl i REfeHEDeWdp they frgurepgwhergin fike slsments arg spmibgred alikesoj nt s of pri or

art FIG 15 t with
the red andﬁg(fégﬁsﬁgﬁs%@agggﬁ%%aé %gfgl%%i%&ﬁBf&gée%ow%n&pekﬁ%gﬁp

an array, a single plane, for a display device;

FIG. 2 illustrates the effective sub-pixel rendering sampling points for-the prior art
RGB stripe arrangement of FIG. 1;

FIGS. 3, 4, and 5 illustrate the effective sub-pixel rendering sampling area for each
color plane of the sampling points for the prior art RGB stripe arrangement of FIG. 1.

FIG. 6 illustrates an arrangement of three-color pixel elements in an array, in a
single plane, for a display device;

FIG. 7 illustrates the effective sub-pixel rendering sampling points for the
arrangements of FIGS. 6 and 27,

FIGS. 8 and 9 illustrate alternative effective sub-pixel rendering sampling areas for
the blue color plane sampling points for the arrangements of FIGS. 6 and 27;

FIG. 10 illustrates another arrangement of three-color pixel elements in an array, in
a single plane, for a display device;

FIG. 11 illustrates the effective sub-pixel rendering sampling points for the
arrangement of FIG. 10;

FIG. 12 illustrates the effective sub-pixel rendering sampling areas for the blue

color plane sampling points for the arrangement of FIG. 10;
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FIGS. 19 and 20 illustrate the array of sanple points and their effective

sanple areas of prior art FIG 15 overlaid on the bl uescntsyer pb@me

sanpling areas of FIGS. 8 and 9, in which the sanple points of prior art

FIG 15 are on the sane spatial resolution grid and co 20 incident with the

red and green "checker board" array of FIG 7; FIG 21 illustrates an array

‘of sanple points and their effective sanple areas for a prior art pixel
n.equal

patial T es BN oGl By o0 Rt RSy Sre iR AR ar ray of

sanpl e p&i dgrenoloPFlahesdbif BE hirdtReHaiPbioodl BI&GS. 6bnpro,or 25 art FIG 21
overlaid on the red col or plane sanpli%% areas of FIG 13, in_which the

sanpl e poi nF¥.df ifystgates an airgy sampls PPRE a8d thetrhigetive sapple aregs fsa grid and
co-1nci gﬁ&t artPikd] dhfdGorB iR PHichIhERE, or&N AP ARl areBheR¥qR shatit 115 FI G
23 illustrates the array of sanple points and their effective sanple areas
of pri oresoltion Fiduandxp-ioeiderdtai d on t he bl ue col or plane sanpling areas of
FIG 12, in which the sanple 30 points of prior art FIG 21 are not on the
sanme spatial resolution grid nor co-incident with the red and green
"checker board" array of FIG 11; FIG 24 illustrates the array of sanple
points and their effective sanple areas of prior art FIG 21 overlaid on
the blue color plane sanpling areas of FIG 8, in which the sanple points
of prior art FIG 21 are not on the sane spatial resolution grid nor
co-incident with the 35 red and green "checker board" array of FIG 7,
FIG 25 illustrates the effective sanple area of the red col or plane of
FIG 3 overlaid on the red color plane sanpling areas of FIG 13; 6 26
Cct ober 2005 WO 02/ 091349 PCT/ US02/ 12610 5 FIG 26 illustrates the
effective sanple areas of the blue color plane of FIG 5 overlaid on the

bl ue col or plane sanpling areas 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 illustrate the arrangenents of

the blue, green, and red emtters 10 on each separate panel for the device
of FIG 27; FIG 31 illustrates the output sanple arrangenent 200 of FIG |
| overlaid on top of the input sanple arrangenent 70 of FIG 15 in the
speci al case when the scaling ratio is one input pixel for each two, a red
and a green, output sub pixels across; FIG 32 illustrates a single repeat
cell 202 of converting a 640x480 VGA format 15 inmage to a PenTile matrix
wi th 800x600 total red and green sub pixels;

5b




FIG 33 illustrates the symmetry in the coefficients of a three-col or pixel
element in a case where the repeat cell size is odd; Fg@cdbrbbhistrates
an exanpl e of a case where the repeat cell size is even; FIG 35
il lustrates sub-pixel 218 from FIG 33 bounded by a rendering area 246 that
20 overl| a\’&"%@i?“& the surroundi ng i nput pixel sanpl e PATARSI/RE8: 1 FIG 36
I 1lustrates sub-pixel 232 fromFIG 33 with its rendering area 250
-~ overlapping five sanple areas 252; FIG 37 illustrates sub-pixel 234 from
FI G 533 wit It ¥ dinsidssitegpray efisa@Ble podnseotlpapparhBiG dhplalagiondlss @66; 25 FI G

38 illustrat b- pi xel 2 FIG .33 with i ' 258
over | apBrHareamianll Bus56610-uP d vhsh it tugbe et HRT LS 4% Ty om Fi
33 Wi t hsdnfespatRNAestitite @idead 26 heidomeVilhaRPied end 2R ‘@haikedfoardd diraydfG 40

illustrates the square sanpling areas used for generating blue filter
kernel sFIBdliand FIG 41 illustrates the hexagonal sanpling areas 123 of

FIG 8inr t {-oRshi r~ﬁ5?a[m' sLED

DESCRI PTI C]\lqgg %s%a%fg E%ra?i?ﬁgfrs?&g%ipﬁﬂ N ﬁ?@q"g‘%&v@ﬁ‘ﬁ&r Ee“&%%}@h? at the

f ol 1@w ayFife 4§ oveplaidom thé blbdeolorplans eamipling weent ofHIGL 12, id whish thatampde only and
not in an limting. O her enbodi pents.of the inpventign will readily
suggestp?%%%"&%%%i%qg&ﬁ%’@% ?ﬂF"é&P”ﬁ‘éﬂg&h longridgngre-gisident 5H4har0 02/ 091349
PCT/ USO@&WQ@BB‘CEW[{@&%&W@%@@H@Q&S captured and stored in a nenory
device. The 1nmage that is stored was created with sone known data

arr angenent FIGhi Husiates thepige osampls ointsaad thsir cbigetive sample preas,of @801 ce usi ng
an arr ' ' | Ut.| . fi . The array
S conpaéri][fs?@gist) 331%%3‘%%%&2’;‘9#%‘%@%@%%% xe'lée)’ﬁ%%lr? gh%ﬁg@%ﬁgg at least a
bl uES eprints efprippart Elih-1piaxesdn)the sume ephtiehdetcheion gaiddndicgineident eithtthieer , whi ch
when i || uym pated. cap hlend 10 create all other colors to the human eye.
To det e?%?%ecﬁﬁgﬂggaﬁofm@’a@ﬁ%ﬁltter, first one nust create transform
equations tF@S. 19ake 20 NRist0¢ e afrayl dflshrBfle k61HRRLS thelfREdivt tadpikatRrel s are
generated by determ ning t relative area overlaps of both the original

h
data Sctt PESRAR K1 | saveraRon il bt colir slane yirhing Feeas b S, 8 8, imat | o of

2\5/9(; ?g&;vlﬂéi @6 BnASpdifis of PEfr laht FIE NG atbpURSsahf sBidt iSGlutidh JrfdGnd kot €7 kernel

20  incident with the red and green “checker board” array of FIG. 7,

FIG. 21 illustrates an array of sample points and their effective sample areas for a
'prior art pixel data format in which the red, green, and blue values are on an equal spatial
resolution grid and co-incident;

FIG. 22 illustrates the array of sample points and their effective sample areas of prior

25  artFIG. 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
-1ed 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;
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To render the stored image onto the display device, the reconstruction
points are determned in each three-color pixel elemeng.ocdirr ooy er of
each reconstruction point will also be the source of sanple points used to
© reconstruct the stored image. Simlarly, the sanple points of the inmage
dat a set W&02¢0813¢% m ned. Each reconstruction point is [pozasedad the 20
center of the emtters (e.g., in the center of a red emtter). In placing
‘the reconstruction points in the center of the enmtter, a grid of boundary

i neg i s f or piesl 26 S bt Bl gf%areﬁéecﬁittﬁ'élﬁué)éol&%n%%ﬁ@tsrUCt' on points,

creating sanple areas (in which th olnts are at the center). The
grid thaYerlasidﬂdhmﬂueml@qﬂ@ssmphnglawgsgfdﬂﬁeéﬁn The shapes t hat can be

utilized i ilin tern canl limted to,

un oo 1 oorighar st B SR SR D Bt Sror Bl BB i Bk 01 L s e
~squar esthreetlﬁggerf@chdj@myamﬁb@s staggered triangles, staggered di anonds,
Penrose tiles, rhonbuses, distorted rhonbuses, and the |like, and

conbi nat i onsEiGSna: 22iang 3Qillusteate the grangsmenthef theblugy reey, 2 agsemitierhie sanpl e
poi S Qacﬁ ﬁﬁ&g&@ﬁ&ﬁ@%ﬁ@%ﬂ mage data and the target display
erm ne

havi ng been , e two are overlaid. The overlay creates sub-areas
wher ei n t he FIG38! Blustpets ﬂm@wsmmwgmdnaﬁﬂmmaﬂl dvepiaid osppf e areas.

cal cul aleapebie e et MG e Br e S e SIS RIS DR Lo of

whi ch lﬁlpﬂﬁiﬁﬁblﬁﬁcmltﬁbtaf’eﬁlﬁndd"@ﬁén vibut@ub Pix€lsiddots; val ue to determne the
proper value for each emtt When suff|C|entI¥ h scaling ratio is

used, the suBf %%lﬂ“%%ﬁ@@ﬂbﬁﬁpe&?ﬂurz%%‘i@%ﬂn ¥GAife@absed herein

pr oy de t AT jon addressability and
rec!lcl)gnstﬁltlj%g &ﬂiserrage rr%%%:r}git%ﬂgﬁmtﬁ?ansﬁe%%%%%??%R&?WF), than prior art

di spl ays. 8 H6. &xilotiries mmm@mmemﬁ@mmfum@s-mme elem@nt id a
illustrates ﬂ{’l 0 ri pe arrangenent of three-col or pixel

el errent%as?wherg eé?l?egvehélzgfsﬁgﬁ’e pl ane, for a display device and prior art

FIG 2ill usmcr‘ameﬁluﬁdmseﬁE@@iple/ﬁmwmdmérdpwdammssmpl ing points for
the prior art RGB stripe arrangenent_of FIG 1. Prior art FIGS. 3, 4, and

5 i1l ustrat &fhe @P%ﬁ@@@ﬁ%m}@q%ﬁﬁeﬂﬁe%@w%b@&ﬁﬁqqeﬁgg HFERAGBH each col or

pl age O(f)ve}l% SEHMhd éﬁ&o&%r&tlﬁpﬂtg)ﬁdﬁﬁl I&rdré%z@gt RGB stripe arrangenent of
FIG 1. FI . 1-5 10 wi Il  be discussed further herein. FIG 6 illustrates

an arrangenﬁﬁ Mpillasirates ger-pikelt2A? GerdBGo?3 willdd readesing ares 28t cording to one
enbodi ngn ]HFﬁ %8! 0%< pi xel elenment 21 is square-shaped and di sposed
or| ‘}Tﬁ%ﬁﬁﬁ &

at the coordi nate system and conprises a blue enmtter
22, two red H6Gi 31ilngra4 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
overlappmg 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.




and two green emtters 26. The blue emtter 22 is disposed at the center,
vertically along the 15 X axis, of the coordinate systemmextisgpdpng i nto the
first, second, third, and fourth. quadrants. The red emtters 24 are
di sposed in the second and fourth quadrants, not occupied by the blue
em tter. wihizgreen emtters 26 are disposed in the firgt/vand2éini rd
quadrants, not occupied by the blue emtter. The blue emtter 22 is
"~ rectangul ar-shaped, having sides aligned along the X and Y axes of the

- coorgli nate sysLEM ﬂ&g I%}Bg ' i 24 ixﬁz{g‘é en 26

em tjtje‘r,s ar ZAygenerrél yg&sgﬁa e-gﬁ%d;%(g?@%azmar? 39‘;1% rr%geat eé&ggér 0oss a panel
t 0 conpiwedwas deni¢dwitnviduie kaode data edlangatnentx The gewll inbdge nan bEhenderdeat i ng
t hree-col or .pi.xel. el enents forma "checker board". of terpating red 24
and or Bl BARHAT Vordie SRR o B Brnidee i oot rploBtn SOl B S ogs ¢ he
devi ce, THakray atcobiiprifeddT@ phefy sthRB-clor HiRel cledfdniAadfita WagQbIwd emtters.
Every other colum of blue 25 emtters 1s staggered, or shifted. by half of

%a@@@mmm

its | erfgtifier (assupapicds e rrdemnitsy, aafp gieep ep@ter, pdc @l cemblendnd because
of g I emtters are half sized blue emtters 28
cat t e%g%é%ﬁlé%??%sﬁt&éF@g#eeggan arrangenment 29 of the effective

sub- pi xel r dedetermine derplueni@r eqob emitter fiost dné mustrercatgeandotseqpitidek GS. 6 and

27, while FIGS., 8 9.ill ts 30,30, 31 of alt ti
o t eot 18 s heoga P i smplig e R A e deneraed Bsogbtie bl ue ool or
pl ane salEYd aéh PRIMsDE Beth i orfaliel ddid RDSRNFR{r8as @hd fat is;@ayaslaﬂPH FIGS. 7,

8, and 9 will be discussed further herein. FIG 10 illustrates an

al t er n@f4ag-e The 1atia of eerlopdaiormings the soelfeicntvalies igrhg aspdir the dilterkernehr ee- col or

pi xg elapents 39. The three-color pixel elenent 39 consists of a blue
emitter 532, two red emtters 34, and two green emtters 36 in a square.
The t hr ee- cGboendpr the btorml émegeton®3he disgapdavicesthapechsamadion poicsmateer ed at t he

origin of an Y coordi hate syste The blue emtter .32 i.s centered at
e or 1 RABP Predet ei-alon R R ST Fepies FEa PR GH TR i r q. 9 26
Cct oberals3®@the\Woufe2 bDShipiSholfissk Bk dotbiitt heanibdliousd, Bialan @pt s of the X, Y

coordi nate system_ A pair red emtters 34 are disposed in opposing

of
“quadr arftBPEPoRts ofihrdmagrdnrrebs determeingd Fach regenstpaiion yint ig fegatgd ptP®  of green
enijot elcsnte, 3 tRY EnifthiS ROS & tlteABPGS! R eAlRA! fﬁ{@% gqﬁdirgcoﬁsﬂﬁ'cﬁfohr st and the

third quadrants), occupying the &Ort' ons “of drants not occupied by
t he bl weinénitheeentgpof thaemiiowngiihoiio@ndaty linasheforhedequidisiapt ftom 82 i s di anond
shaped, i r -al i ane t h Y of the ordi.nate 10
 Syer omeeidBy op e SESRTBUR R reBnd ol RS G SR S bie B BB U e

gener altiecengr)aMae ghdhatlis forad traged 1 tilvgataacni Theashdbeg thancdnrtg vatizeder s f or m ng

edges parallel to the.sides of t luye emtter 32. .
9 Qn trhe tl.ll.mg pattern can mclluqie,sbut Is noP]?Ier&J to, squares, rectangles, triangles,

25 hexagons, octagons, diamonds, staggered squares, staggered rectangles, staggered triangles,

staggered diamonds, Pentose tiles, rthombuses, 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 kemels, 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 airangement 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. |




The array is repeated across a panel to conplete a device with a desired
matrix resolution. The repeating three-color pixels fogmabshesker board”
of alternating red 34 and 15 green 36 emtters with blue emtters 32

di stributed evenly across the device, but at half the resolution of the red
34 and gwean/oBB4%em tters. Red emtters 34a and 34b w PCTlS02dR66USSEd
further herein. One advantage of the three-color pixel elenent array is an
i nproved resolution of color displays. This occurs since only the red and
green emttegg Pﬂ’lﬂ&tfa!téélétapﬁoﬁérgﬁt}ia' %&&%&en@ﬂtﬁr@@ccﬂ&r ﬁfe?&lbzﬁéhté’ih hi gh
resolution in the |um nance channel reducin nunber of bl ue
emttera mw, mglcﬂdamgfoseldepwﬂhmmhd@nd @’rﬁ@n%ﬂnstmgme ¢fifgotimseb- r esol uti on

by nore_. oeI. rrat hi ng .t uman_ Vi sian.. Dividing t d .and reen

o ¢t er&xfLhagnk b Bt fr BP0 it et I 8 FBRFREL 0T 1y
IS an i FosoyeE S muﬁfatetth@emavemaLpﬁwfena rl"glsﬁtﬁbhl’f‘gldﬂélﬂtﬁr €6k @lorst ri pe of the
25 prior. art. An alternati ng‘? 'checker board' red and green emtters

al | ows Mot $saemalingmorda fon s prigsst E@B@Wpﬂtﬁ@at}gﬁ@ﬁ@ﬁ ElG.. BHeh lthe
hOfioZO%ﬁ'be%ﬁkQusfsé}Fﬁﬁ/t&&%%ﬂJ axes. In order to reconstruct the imge of the
first data format onto the display of the second data format, sanple areas
need to be dd#bi Mdstta;esﬁhenmcmemmg)fmmmaetwlokpnehﬂﬁma'wordingle geonetric

| center ,of each .em r reatln . EI.G 11 .illustrates an
SO g BRtod i e B P RE D PR AR bt S Sin 6ot ottt
ar r angesipi of38 X9fy dobf@ﬁtec@k:@m an@ b riséd £RRSEMiteF 21 bko rel@mititherd,

reconstruction points and 37 of FIG 11) are centered over

e.
t he gecﬂsaéttw BICPIRIBI{tErS Ré Eg blhee@melt P2dp dispasedyat, thes@ntewertraﬂh' dgedhe FI G 10,
re ct ﬁI@]d(z struction
po?l%tes X%tﬂe%&gﬁ?ggg %%g%%\%&t}nrg&g%&?%enﬁggﬁ ?3: orma red ang[ green
" checkeTheberhmiﬁela%alpdmposaéén thh eec®bd dads?plluﬂyquaﬂihatsbmhecquele@h}sﬂm uction points
33 are |str d eve r.oss..t he de e, buf.at half the resolution of
the red SRR OR R i bt iR e pit'° | encer i ng
t hese co@bmem@qmw &16ikte10 IThe Glhidlesnitdr @2 i re@hpillad Shapadiphiingsidei nts and are
used to_ 10 26 Cctaober 2005 WO 02/ 091349 PCT/ US02/ 12610 5 construct the
ef f ect iAignedalnethegX ande) apesof e pordialgsysem rid therepsing & Ps &Y separatel y.
FI Go  LRdiglebho6 EateR ol en&hilesfubé@niflede sanpling points 46 (corresponding
to bl ue reconstructlon oint 33 of FIG 11) and sanpling areas 44 for the
bl ue col or phegreaydorepented deeoss epm@étommlemdeamwyth sirr@matrtix For a square
grid of [ el TEL is a square
Tgrid. BJOE%%Q' ﬁ%%%’ %@%ee%? %%%@?e%ﬁgg%ﬁ% a|r§.ggfp0| nzf%lgm t hat
cor r espedz? 4nd girdee 26 emitterseminlsltw emimen 22 distrittuted 25end§ adrdbGtheldbviagi@ut o t he red

reconstr Hzﬁ% thSTes Otllor};[ & e redha Hd% gree7n’ 26%%&&:?.(3 Every other column of biue

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 arraﬁgement 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.
" HIG., 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,
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effective sanpling areas 50, 52, 53, and 54 for the red col or plane 48. The
sanpling points 51 forma square grid array at 45 to tzgq)cq&b%nggs boundary.
Thus, within the central array of the sanpling grid, the sanpling areas
forma square grid. Because of "edge effects' where 15 the square grid

woul d ov¥Q &9t boundary of the display, the shapes reraserizeidot ed to keep
the sanme area and m nim ze the boundary perineter of each sanple (e.g.,
54). Inspection of the sanple areas will reveal that sanple areas 50 have
t he Sarmddoat quadaaspl e X[ ¥asolbdate sSRONBY Alpair SHRD baitREEMsarbdispasd sl i ghtly
greater_area, while sagpl e areas 53 in the corners have slightly |ess.

‘e

Thi s ddBSPPIFERESHALARNSHcw fhegecond pnd the fourth guadsanis)igd @ Rals ofgresn it sanpl e 20

areas S M hkpdRREi 8 d whi [ ga]%]'n reas 54
wi |l be ur_lderp rep\rﬁg oe%%g%‘. gH%%N@%%%ﬁ% }éslth[|oillga‘:t/él 0 tﬁﬂ%‘%@}éﬁg t housands
-t o mi| |pogians of the giiadrantssnot odeapiedby the blvicleimitten 82. ndnshomin i FHG.|10sthe bloe t he

corners_of the i.age, .Fl 14 illustrates the effectiv ree anpl i ng

ol nts Bt LERELBAIG b e bR iR A b K R R B o Fle 11
andidt o syltemgirdene sppeaiSidin of @34 pAd Hoen Hlentifterkhi@geroraliNduare Shapbte ef fective
sanpling areas 55, 56, 58, and 59 for the green color plane 60. |nspection
of  FI daving tippeatedipyadly-faging comessiopming pdges mpllgl ta the fdg of e blgs  has the sane
sanpl eegﬁﬁé}c?@_el ationships, but is rotated by 180. These arrangenents of
emtters and their resulting sanple points and areas would best be used by
gr aphi cs sofliwaray idirapeated aeraspa ganebioabmphicghiegicawith p desimdesrixxonver ti ng 30
graphics, primtives or vectors to offset. . colqr s | | .anes, . cowbi ni ng
oror dronioll rheBelhe MEE IR pixRlsfons LiRpiions” SorieRiaaFIt@ad. Comnl et e
gr aghi gseedli3sRimgersYal B emBue 32 dbripesteailLaedss terdevics, ut ArdpiEee and deskt op
computers, and_tel evision/video systens, would benefit fromusing flat
panel . dFOlitgp of the sed; Head egen 30 rpifims: Red ymittersgeandoi4bayill e dp@ssnd | i zed can
i ncl udgyriibedes, NOt limted to, liquid crystal displays, subtractive

di spl ays, plasma panel 35 displays, electro-lum necence (EL) displays,
el ect r ophor &oe edvintage efibe thfeeebldr pixich dlamentiarsaylingrsimpratied coselution éfght emi tting

di ode (] i -1. aht 1ftin i ode. QL di spl ays

pr oj ect% %@g?ﬁglgﬁhg%%%%@s %1{11(%2) "{y%%"%ed(?ln g eglil%r?lﬁgrrglam%%ﬂ[ﬁat? e e;ﬁcaéjﬁﬁ t%onbj nations

corzpr i shengpraeptidnlof2ighGedobtien RO MnMANGR (128634 PiRGEALITA} thd Rbker bf | east one of

" the fo oi ng di spl gys. However, nuch of the jnstall ed base of graphics and
gr aphi @E%&P@%&?@ﬁ@&%ﬁ%gﬁ@%%%wﬁm@% RS BEPIGHORY H9%Based on t he

use of cigkdl§ ndschidghehi®&OAgGéf uction display. FIG 15 illustrates an array of

sanple points 74 and their effective santgl e areas 72 for a prior art pixel

dat a_f or mat Prddipg thggedamd grren paiiersgp delhin tanvpriielexis gl iv@ensapratin an equal 10
spat | akesbittlyiofh BipeleABH ofél thd\dndetona vBriiBhi sBieYolor HriBPbAke SYST €M, Lhis
formof data was :

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 emitler and creating a sampling grid. FIG. 11 illustrates an

.30 arrangement 40 of the effective reconstruction points for the arrangement 38 of three-color
pixel elements of FIG. 10. The reconstruction points (e.g., 33, 35, and 37 of FIG. 11) are
cenfered 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 reated as sampling points and are used to
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reconstructed on a flat panel display by sinply using the data from each
~color plane on a prior art RGB stripe panel of the typg shoypons FIG 1.
In FIG 1, the resolution of each color sub-pixel was the sane as the
sanple points, treating three sub-pixels in a row as though they
const i t uMO2IBihgl e conbi ned and i nterm ngl ed nul ti - ®6TABO2HRL] whi | e
~ignoring 15 the actual reconstruction point positions of each color
- sub-pixel. In the art, this is often referred to as the "Native Mde" of
~the §i sqinstynct theefeotins sasplinf erep 08 iehdhabil piatd, owhivhtatarearll sepalheels UITGRI xel s,
especi ail_ the red_and green. |n contrast, the incom ng RGB data of the
pr esent | Zpiteies the shfesiere tlue spmpfing pointy A0 corspanding 49 Bipe 1GonsUtiSRh ot her. To
covert fdi 293¢ AId. oM iEmbiHR AL Mfor 1R oBloRBfind 22 fof B8 k&HhstraBciePar atel y.
~Displaying information fromthe original priof art format on the nor e
ef fi ci emray o6BIGilkeFory squarg endofi recaptruction points.che migopim benideny r equires a
conversjion of.the data.format via resanpling. The data is resanpled in
such a gegjsnﬁl%hsatsﬁg%regﬂ% out put of each sanple point is a weighting
funodion of RIGEl 3 iNpdtaicd Ble@ffeddep extddhMglinghoites Shatcoabspbidegersy of the
respecti ve data sanples,_ the wejghting function na ge t he sane r

[ L 0

di f f er gREnSiEctignpeints 3p S1FIC. J banditheaedisropsirction ppipfs 25 6f HKs dramddbe bel ow,
FI G 16.fehd : I gt f Pt S Qi o 15 overlaid
on the%gggﬁﬁ%ﬁgﬁ%%?ggﬁé?ﬁpl e poir %lt@ ééché)?ﬁ 5, @g&ggi‘ﬁ%?%&?ﬂnél gsrts11, i n which
t he sanjdlfermpesquare grid aphy aiF5Gio ke digpley bownddre Thusewitligatheabntrabsdynati on grid
- and co-jngiden yt.h the.red (red reconstryction,.paint D). and green

Cor con PEGRRERE g 1 SRt fod 55h.o {oBE B0 HELRRY Rtk pideakPhpaR 97000 |
17 13 | ubé sqake$rit RuRy ovengahEbdond gy of the aidplhy, toshApes arbhdprgd tdieep ef fective
sanple areas 72 Sf FIG 15 overlaid on %he bl u? col or_pl ane_sanpling
poi nt s S R@End FH0imie fgfoupdary PRI ST each S1PRIS (8% 98} Ipsnectiondfar e on the
Same SRAd dadpld BRIl ke¥Bal ok ShnPRarGR 50 AehAREami drdd as biE Sehs(sned
reconstruction points 35) and green (green reconstruction points 37)
" check dowgeeriranplyaregp fhhassligitly@ragier arp.ayhileBample arepeSindleasomets f urt her

her ei n. id | . f | A d thei
ner o Mgl Skl Y064 gl DE B B RGN g0 (Pt
sanil i rageap 63 wilbb3brearegresdutedroddle sarypigidag imsadse 422578 will botweier 2005 WO

-02/ 091349 PCT/ US02/ 12610 .5 50,.52 3,..and 54 of _FIG _13, in which the
Sarml & TP THORPVER el CRBRROr g et if 1M tojuiliogs of AR o d and

CO- i NCieg@NMillheltintot® ah€Bst(ih 86 cHREMPEILE BAdeON POi nts 35) and green (green
reconstruction points 37) "checker board" arrai of FIG 11. The inner array

of square SHiprdlinaiasihsoffeciipeisentaprting peints féthevionesnadio te gigethal  sanpl e
poi Nt 74:calfhclidrpotR€®Y 6 FIG. 11 and to the green reconstruction points 27 of FIG. 7, and

25  the effective sampling areas 55, 56, 58, and 59 for the green color plane 60. Inspection of

FIG. 14 will reveal it is essential similar to FIG. 13, it has the same sample arca
relationships, but s 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 inchide, but is not Ilimited to, liquid crystal displays, subtractive displays, plasma panel
'35 displays, electro-luminecence (EL) displays, electrophoretic displays, field emitter displays,
' discrete light emitting diode displays, organic light emitting diodes (OLEDs) displays,
projectors, cathode ray tube (CRT) displays, and the like, and combinations comprising at
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area 82 as well as extend to cover one quarter each of the surrounding
sanple areas 84 that 10 He inside the sanple area 52. Tg @d&bgsions t he
algorithm the fraction of coverage, or overlap, of the output sanple area
50, 52, 53, or 54 over the input sanple area 72 is recorded and then

mul tipli &DItHE val ue of that correspondi ng sanpl e peirAIoz7Re@And appl i ed
to the output sanple area 35. In FIG 18, the area of square sanple area
52 filled by the central, or <coincident, input sanple area 84 is half of
squase SAfTRhEoffeBreading Sibiiys. (ifieyal Weorlr ddRsdiaeald gpondi 4g sanpl e poi nt
74 is multiplied by one h I¥ (or 0.5). By inspection, thé area of square
sanpl e graphicsHitivark ueas atlsgacynddia sinpldfernsat priginailyi basgd andhe woiofiCRB=ASt , i nput
areas 84 is %% eid?Sh h (or 0.125) each. Thus, the value of the

cor r espBRETRE TP TRt sanple points 74 is nultiplied by one eighth (or

0.125). TheSIHvasiﬂﬁﬁra&@@nm@mfadﬂ;ﬁdFéi@tsUhenmerﬂmvyman(aevg., that was
multiplied by 0.5) to find the final output value of a given sanple point

35. 20 foaprprarigisd daa fasmat 19dn mhbich 8 rath graepeand blueyalues ateen anggptle ar eas 50,
t he160i QL ! i %@%g : I in the case
descl:gi bgﬁh%g%blgflb[g%{ﬁaggl%g%‘ﬁ?eg{é%gﬁ%r%i&n I g&lﬁ%ﬁ;;éd%{mggb\'#gloggaéﬁgés 84, 86, and
92 are weensireqiyiant.a fahpane} distiey nyvsimply prisglthe dpe fronsapiptdorplaasn 84 represent s

one eighth .out put _sanpl e. area .4 L ej ghboring i I sanple
reas oatad ReE e ot PROGe e a1 oG LR SR oS s 270 1675
of the ZforGub-pitt] vhdsaide A As thdSaryat poifts, tisRfngvBied BitepixMalniaswal the input
values 74 fromthe overl apped sanple areas 72 are added to give the val ue

for t hetheughthey qastifttedymsingin eorghinedang inggppingled gpuiti-celprpixel wiyle ignpRag ed t he
sa : : 18560 : wnear" coners
54 EovereEud AEpRl AT dbick RRHAREeach A b BcE I e i en e 50, the
wei ght i refprofl ta dg ¢hei “MNative Marg] of therdisplay 8 Bhis 8&isteQbe potion@UinfodBatiocadl 98 wi | | be
30 diffgrent .i ra tion to.the previously described input sanple areas
82, 84, é@'%%’g?eggbfﬁmﬁﬁlemgﬁ%ﬁ'er corner output sanple areas 53, the

coi nci dent i patitras ahP ino@ing RCEBIdanyahspre@ut apphcitionisheakdts takeut 0. 5714) of
out put sanple area 53. The nei ghboring i nput sanple areas 96 cqver three

~ four t ecPlEs OYBIYBGHER oo {lpxpvat the dua Bamtr RSHApmet spdep!ag Is gfedt he " near
COT BT SBHRLE. Wis%&ghé%foﬁ%%oﬁ BoRGhOGHinad PsHarSeRRh: 60 AEeROQrGAMET S ei ght

sevent eenths (or “35 about 0.4706) of ‘the output sanple area 54. The inward
nei ghbotubrpigebarrapbementse tlpgpresonicpplicatignrequites preewvisrsinn of dhe daledenmad. 1176) of

t he out e , kS8 i i i e area 92
cover s sl CTRESR, R sy o B ftabfion 181 P BRbli SR Rihoi BN 7, 0L2T
2005 W\Os @ ¥eat B Hand?0h /066 24pbP a9 Bepsadind en the smtibfreqitrey obthaer | nput sanpl e
area 88 covers, four seyenteenth or abqut, 0.2353)....0f the output sanple
o o SareSHRNE e bR B i oy B g 4 SR R e PUEHE om ¢ he
overs apiflicHein s wal Bid&sddbedbglordded to give the value for the sanple point
35.

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 ofFIG. i1.

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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The calculation for the resanpling of the green color plane proceeds in a
simlar nmanner, but the output sanple array is rotatedgy.td§i@o0dd TO
restate, the cal cul ations for the red sanpl e point 35 and green sanple
point 37 wvalues, V.,n, are as follows: Central Areas: \VO,,,(CXR ,) =
0:5_V, 11m;’0,99349r 0.125 V,n(CX_, RY) + 0;125Vn(CxRy+, ) PET/US®/1061025 V.
-n(CX+, Ry) + 0.125Vn( CXRy-,) Lower Edge: VO"t(CXRy) = 0.5 V,, (CXRY) +
"0.1875 V,n(Cx,Ry) + 0.1875 Vj'(CX+, Ry) + 0.125 VjCxRY.,) Upper Edge: 20
g 85( O, 52, 230atﬁzl MofFK?;] mglgwmh\ﬁjﬁe?@mwaﬂoﬁtsmdk;ﬁm ﬂf?fel&ﬂhCXR Ye)ﬂsa.meg C1§£23) +

1875_V; n( CX+ Ri ght Edge p" +

V, , , (Cspati %Fssoiptt &%drgldw:ﬂ}ce@xﬁwh §hexed @dfgcpsstmwonm@m}ﬁ 214 groep Left Edge:
vQuU (.C, u ) V,

Oy & Gl Eeloplinf o) Bl IR 6 1T o ARAERD) *
+ 0.2 1$3mv1w(r®8 52 CR)lpleteI@ camﬁlevomc(d@wrmmmnp}p pemt T4ednd Hslaardpl€or ner :

Vi C R 14 V. 43..V R, L

Vot Vil st i el ome ey ien esppomdnesadit awts 6 R, 1O
0. 211)43\Iie11£1§de*& san) le eN&X, 18 d@dmiria Mgk zﬂ‘gﬁjﬂ:@ﬁ the¥eacNbh of cobdtdge, o1

0.5714_V, p( Cx (- Ry) + 0.2143 V( CRY-1) 14 26 Cctober 2005

0.2143. Vi
VIO 02/ cméag O%P@B@tzﬁ@@le mag pé~°r OE%%W the AnpUt pepplengen 72dprepeded v/, - (CZR )
0. 470§ (ngagﬂﬁed '5&916 233y fflat(c&]rg%%ndﬁné)saﬂaﬂa%e}at 74 g.%gl).ied"to g 1765_V

'11((:3R|) Left E pper |
output sample area 35. In FIG. 18 the area of square sample area 52 filled by the central, or

coincident, input sample area 84 is half of square sample area 52. Thus, the value of the

15 corresponding sample point 74 is multiplied by one half (or 0.5). By inspection, the area of
square sample area 52 filled by each of the surrounding, non-coincident, input areas 84 is
one eighth (or 0.125) each. Thus, the value of the corresponding four input sample points 74
is multiplied by one eighth (or 0.125). These values are then added to the previous value
(e.g., that was multiplied by 0.5) to find the final output value of a given sample point 35.

20 For the edge sample points 35 and their five sided sample areas 50, the coincident
input samplt;, area 82 is completely covered as in the case described above, but only three
surrounding input sample areas 84, 86, and 92 are overlapped. One of the overlapped input
sample areas 84 represents one eighth of the output sample area 50. The neighboring input
sample arcas 86 and 92 along the edge represent three sixteenths (3/16 = 0.1875) of the

25 output area each. As before, the weighted values of the input values 74 from the overlapped
sample areas 72 are added to give the value for the sample point 35.

The corners and “pear” corners are treated the same. Since the areas of the image
that the corners 53 and “near” cotners 54 cover are different than the central areas 52 and
edge areas 50, the weighting of the input sample arcas 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 ontput 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 534. 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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V0, (ClR2) = 0.4706_Vi.(C R2) + 0.1765 VL6(CIR3) + 0.1176 V,n(C2R2) + 10
0.2353 VI.(Cl1R1) Left Edge, Lower Near Corner: V01, ( ClRg)ockoter 4060 _V;

a(C Ry) + 0.2353 V;.(ClR +,) + 0.1176_V 11(C2Ry) + 0.1765 V19(C Ry_1)
Lower Edge, Left Hand Near Corner: 15 Va,,,(C2Ry) = 0.4706 V,, (QRy) +

0. 2353 WE(W2Ry42 + 0. 1765 WI I (C3Ry) + 0.1176 V11( C2RETSREMdP Edge, R ght
Hand Near Corner: VO, ,,(CXRy) = 0.4706, , W, (CRy) + 0.1765 V;,,(C ~ 1Ry)
0.2353 V,,, (CX+1Ry) + 0.1176V,,,(CxRy-1) 20 Right Edge, Lower Near Corner:
- VOUtY CxRvipleardd.547 Whe MitatRyput sanfple 4638\ overs Gut Ryvpntéerfhs285BoM;0.236Ry . hl) +

0.1765 V,4(C Ry-1) .R ght, Edge,. Upper .Nea rner:  Vo.t(Cx = 0.4706_V,

., (OXRA ﬁlﬁ(‘ﬁ??ﬁff@zp}ﬂ%‘f?&é- R}sghpf &t eﬂ@%%@%@@%ﬁ the Iopgt w.ﬁ%g%%wﬂeml) Upper
Edge, Riveidppkitach éas@@raaeeardae&'{e%i\&%ﬂalu%f&tﬁg S6ap¥6 poifenERL) +

0. 1765_V1q(p& -1R1) + 0.11/7/6 V1 ) + 0.2353 V. (Cx} 1R ) where Vu, are

t he chr omandhe ealsidatipadorf the resampling hbthe greon calér plane psagkeddikesimder 30 C,, Ry (C'

represents t Ctocolu of r.ed and.green 36 sub-pi xels and Ry
repres_enrll I5eT ugcﬂé(/a.our l{(/gvs%?p?ae%ayﬁlmé%%lbd’p@gﬁ 36 sub-pixels, thus CA represent

thelored 34 Tokesgis @ cAbubitibrsForiBe re@ Bardysle poias 38 gicen S@bpldmbiad y11i row of
t he di s‘p%lg%vpanel, starting with the upper left-hand corner, as is
convent¥ w BFASEPUCNSE s i nportant to note that the total of the
coefficient weights in each equation add up 35 to a value of one. Although
there are seventeen equations to calculate the full image conversion,
becausdeptaltAreassymmetry there are only four sets of coefficients. This

e/ Uso2/ 128eCaore Uet GeleRa ey Vaey &0 4 4 1PNl RASEE (e arrangenent 78
of 1sanpl e poi nt s0.¥25_anC.LRYI+0.125f V@ Ryp sanple areas 72 of FIG 15
over | alL%wngégrég bl ue col or pl ane Isarrpl I ng points 46 of
Vou(CR,) = 0.5_V,(CR,) +0.1875_V,(C, R,) +0.1875_V,(C,.;R)) +
0.123_V,(GR,.)
~ Upper Bdge:
20 V,{CR) =0.5_V,(CR,) +0.1875_V,(C_R,) +0.125_V(CR,) +
0.1875_V,(C.,R) |
Right Edge:
Vol GR,) = 0.5_V,,(CR) +0.125_V,,(C, R,) + 0.1875_V,(CR,.0) +
0.1875_V,,(C.R,.)
25  Left Edge: ‘
| Vol CiRy) = 0.5_V(CR)) +0.1875_V,(CR,,)) +0.125_V,(CR ) +
0.1875_V,(CR,)
Upper Right Hand Corner:
Vol CRy) =0.5714_V,(CRy) +0.2143_V,(C, R )+ 0.2143_V,(CR,,)
30  Upper Left Hand Corner;
Vou(CR) =0.5714_V,(C,R,) + 0.2143_V,(C|R,) + 0.2143_V,(C,R,)
Lower Left Hand Corner:
VouCR,) = 0.5714_V,(C,R )+ 0.2143_V,(C,, R,) + 0.2143_V,(CR,)
Lower Right Hand Corner: .
35 Vol GR,) = 0.5714_V,,(CR,) + 0.2143_V,(C,R )} + 0.2143_V(CR,.)
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FIG 12, in which the sanple points 74 of FIG 15 are on the sane spati al
resolution grid and co-incident with the red (red recoghdbisd-P005 poi nt's
35) "and green (green reconstruction points 37) "checker board" array of
FIG 11. The blue sanple points 46 of FIG 12 allow the blue 10 sanple area
44 t o bevdeRz@¥¥Ned by inspection. In this case, the PCFAS®ARpIe area 44 i s
now a blue resanple area which is sinply the arithnetic nean of the
. surroundi ng blue values of the original data sanple points 74 that is
conplt eUpgs EtigeeLyfaHasd Nedr Qoer:sanpl e point 46 of the resanpl ed-inmage. The
- bl ue output val ue, Vpv, of sanpl ints 46 is calculated as follows: 15
T Vovt(C,, . R Yl z@ﬁ?@p@@gﬁ%3-285’3;&@1%3@@517@&.,.@51%0( C+HRY) + 0.25V:
o (Cx+rRY+)) whepgrds & af.& ¥ he blue chromanance val ues of the surrounding
input sanple points 74 °C”, represents the xh colum of sanple points 74;
and RY kefpEdgschippsr Noar Godner: r ow of sanpl e points 74, starting with the upper

| eft-hand c as, 4 ent. E bl ue sub- pi xel
cal cul ati on%;@??&"i"iﬂﬁ%z‘gégﬁ%épaﬁ@@a@@?ﬁﬁ@?ﬁv@@m one bl ue
subtpi xel per pappssol (&R )aNd green sub-pixels. Again, the total of the

coefficient. weights is equal to a value of one. The weighting of the
coef f i chdhidgedsonchNeddripel] area equation for the red sanple point 25 35,

whi ch af f ect —@f 2 dser AN . %1 QG -t he central
resanpl e ar e@“s‘(@g%si 2'47?%?“}5?%%& ghg%t“gg(r’?é%gg %‘ip?t%ﬂ?’gic Ilg%:il:l where 0.5 is a
one bit shift to0iPS_Vi{gRt:), 0.25 is a two bit shift to the "right", and

0.125 i;s .a re i ift.to the "right". Thus, the algorithmis
extremne %Weéﬁﬁ%ﬁ’geiiﬁtaﬂ‘f§%¥fc°ﬁﬁ'o| ving sinple shift division and addition.
For15gr eat estv, (@gcyE aiyoand, (SReed 0.2833e Va@iiR b ka@ni 765_v.e ysr oundi ng pi xel s

Shoul d be conpl etﬁd first, 30 followed by a single three bit shift to the
right, and then ¢ y%ﬁm(ﬂz&-ﬁit shifted central value is added. However,

t he Iatﬂﬁerggg@m%gpﬁaﬁmeagﬁgdegd and green sanple areas at the edges and
the corners involve nore conplex nultiplications. On a small display

(e.g., a di FMpERNa0iHFe6o_VibAR,bt 81765 XlG)R,) 402852 \abbmRext equat i on maybe

needed to ensureo_g%dvj@ eyquality display. For large inmages or displays,
where a small error at™ e"%dges and corner may 35 nmatter very little, a
si rgdl i fRigktHdge) Lowvyr Near@agkeer: For the sinplification, the first equation for

mssing i Hpdernt MG MR S b 025 e e T mage, such that
i nput sanpl e poi @1%5Z’G'in@xﬁy.§et to equal 16 26 October 2005 WO 02/091349
PCT/ USQ2/ 12610 5 the col ncident input sanple point 74. Alternatively, the
"ni ssi fgehtPgEs dipperdYeapEodisE: t o
Vol CRy) = 0.4706_V(CR,) + 0.1176_V(C,,Ry) + 0.1765_V,(CR;) +
25 0.2353_V,(CR)
Upper Edge, Right Hand Near Corner:
Vol CR) =04706_V, (CR,) +0.1765_V,(C..R) +0.1 176_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 sevenieen equations to calculate the full image

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

the complexity when implemented.
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bl ack.. This algorithmmy be inplemented with ease in software, firmare,
or hardware. It is inportant that the chromanance val ues dgchdrneas |y

addi tive, neaning that the sub-pixel rendering nust be conpl eted before
gama correction. The outputs of the above algorithmmy feed into the
ganmma comeps# tabl es. |If gamma correction is perforeeEasdzéxef or e
sub- pi xel rendering, unexpected chromanance errors are likely to occur.
FIGS. 19 and 20 illustrate two alternative arrangenents 100, 102 of sanple

poi n§s 74  aNsktibtbdatliedlHIECT7 MasthaRMeanaiRagnt/B dhadpl&poidl 79uRIhék d on the
‘bl ue col gr plane_sanplin areas 23 of FIGS. 8 and 9, in which the sanple

poi nt s §idecEye sample ajegs 42 af B & heveshidondirdtlpagolonpiase samepliss peipisdo shd
co- i nci dankouh whichlife i th OIARRIC CBGRKET D ORApadl Fun i Gyg 7 F1 G 15
the effective S

8 illustrates sub-pi xel rendering sanpling ar 3 that
have t heo-imcidemtwith theoad (tad yecpestrictisn eomist30) attdppednl (greccetaningkiampoistanpl i ng

poi nts Sho in FlG r,the . .arrangenent of itters in FIG 6. The
net hod rc%eﬁﬁ%%m)ﬂfli ?{&‘Yt%g{(gébf ﬁecﬁlmpgﬁwe SOfE‘gg?d]@@@PW Hggjl%ove. The
Proper t s ar@VeNth 89 dérnPadYtinspadiioh ETnANE dfke 1:BSbind s aByVerk apweach i nput
sanple area 72 of 20 FIG 19 are cal cul ated and used as coefficients in a
t r ansf o Biue Epsarple prew which s sipply dherpsithmetip aacan efghe syriovnding blag walyesct i pl i ed by

L5 07 2aB Sy sttt BolyR4 0k LA Bted 1A R4 or GUNBINORoipedTorl X R
FRvtcoateun v N ol S T P IR se A PRl D PR
the art ca’nnlﬁﬁeﬁhm\%?gl)‘f%‘epgwf’(? SATRlR %\g@ﬁ?lﬁ'fl%tﬁ‘?@sp{pg%}”%w?nelrzof exanpl e,
theigoeffi ci\glg(tcﬁgzygé@a@_j@(cgq}glmogjsevl(d@ T?+@.35LV,-D@+LI§§+t othe right. In

the case where sanple points 74 of FIG ’15 are on sanme spati al
resolution grid 848 %dCiFeilent with the red (red reconstruction points

25) and green .(%ﬁéi@\igan éBfu%ﬁﬂoﬁﬂnaB@é%ﬁ&s%?%eéﬂfS ﬁ%ﬁg%ﬁgtos?ﬁﬁfed" array of

FIG 7, this mninmmB ary condition area nay |ea added
cal cul at i on pomsdénCampressntssheli hepluneoidamnple pointss4; FbR, sepmskms té yPoi nts. The

alternative effectiyve output sanpl. rea 124. aryangenent 31 of FIG 9 nmay
be wutili Zeaoygfsagg@ogg%ﬁfétgﬁng%% G@P?ﬂﬁﬁ"ﬁlﬂé@n%ﬁrasésxanpl e, where the
sanf e poi nicenvédtidiklly fdde, 15 are on the sane spatial resolution grid and

co-incident wth the red (red 35 reconstruction_points 25) and green (green
reconst ruct iFBchBBf“ﬁts‘éb"E"f‘)’l calchigliqtes & aﬁ‘g&P‘Hnbeéﬂnﬁif be gdd, pg there s onky Ofigher e t he

relati omﬁéﬁéua-pb@w@gﬁné JTR 2213k QuihiR@S. Afnim kL Bl Pthe SRMRIA: areas is as

shown in FIG 20 the calculations are sinpler. In the even colums, the
f or nmul awgiglits B pqubtoactadised 02905. WO 02/ 091349 PCT/ US02/ 12610

The weighting of the coefficients of the central area equation for the red sample poiﬁt

25 335, 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 “righ;t”, 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 comer 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 samnple points 74 are set to equal
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5. calculating the blue output sanple points 23 is identical to the fornula
devel oped "above for FIG 17. In the odd colums the cmlGabedrizoosfor FIG
20 is as follows: Vo"t(C,+ R1 ) =0.25V ,(CXRY) + 0.25 Vin(C +1Ry) +
0.25 V3,,(CR3, 1) + 0.25 V1 (CX+1Ry-1) As usual, the above cal cul ati ons
for FlI GSwdé&/arsde 20 are done for the general case of piA/ushe2ewntral sanple
area 124. The calculations at the edges will require nodifications to the
transform formul ae or assunptions about the values of sanple points 74 off

the edofe@binkiBnt it RBBIe Bt A SAKPANHDAY emisfiHE Va0Zs Baybd R G 21, .an
array 104 of sanple points 122 and their effective sanple areas 120 for a

pri or ablecksiTody algpitm Mgy hestplementad yeithy eascein softw e, fizmwiate, odwrdsaes the red,
15 green, ang: h re on a ual atial resoluytion grid and
co-i nci dent wﬁ?&é@@%ﬁﬁ cte]f'rsc%an icfefvgfrl]l Ssnféle }?n(r%ﬁrgyead?ﬁlzvg’ If“af1agﬁlgt\$jhaéh!llerrage si ze
i || ust r aibegxel renBiérag rifat berdofiplePsd befdralgdnirad esrediionn IMha yuth®® obhe ssvel € poi nts

122 and thejr effective sanple areas _120_of FIG 21 overlaid on the red
col or pi& 293 feqdigntg the-gammyg comection tablesy, I gsmmereoprpcgion ssperforpied sanpl e

POi 1§ S dedire %b-ﬁﬁ&rer?d@rhh?gr, rﬁléé%ﬁ&té&'?:hfdﬁ?&ﬂﬁ}?ﬁ%ﬁ%ﬁ%&é ﬂelgft@%&ﬂupt ion grid, nor

co-incident 20°wth the (red reconstruction points 25, 35) and green
(green recordd68ul% dnd 30 ghisiats tvaltegimlive dupngarbents 160.5408'0f sanpleypadits 74 G. . 7 or

11, res AY . ln thi pnt gf. (Fl 2, sjngle sinplistic
Lt anst ot Siebiye pb@ataf T ARG Yoshhio s fieaR PLOSSeBhL, ' 21| owed.
Howev er gregeoef BIGS i8agd ¢.lie whieh filedatplReolnts DTFIAL IS are@Cihe Sinetspiatal cul ati on
based on the proportional area covered is both possible and practical. 25
Thi s i stesqlgfion;gridmpd cosfppident with theeq andygresnnsheckerpoandt puey ¢irlge’- "MSpecial | y

| M Ll be | east

thope témhsBhd thOITRive shﬂpﬁgereﬂd%ﬂ}ilgéirniépsﬁgg E&%ﬁiﬁﬁﬂ RaveltReh it

1
common denom nator ratios that w ] e 1 mage transform being a
r epeat i nyngeay perimeters for diclblue chigr plany sapwding péinta 83 shovadmpl@xifoythe occur due to

symet r ove with the input and out put arrays being
el AR aBhEF h3e Y

COi nci I ne he repeating three-color sanple points 122 and
symet ry 30 The saekiod forralaulatbiehiibd coafficidntd frecesdsds descibedsdbee. Aheuni que

coefficients tp a m)éfe mana e?bl e Igye .. For exanpl e, tr}e copmer ci al
standarﬂiolfﬂrgﬂ ovedan rouFR"Pﬁij'g]p ec?fff?ﬁtl_z 1 thaf pvenlppgach iapRyt sapple, &g /¢ of st and for
Vi dgp Gaphd 68 cASaRbEindUddd [RWettiticsis P4 ¥allRAAOAGK 45er RER1640 col umms

~and 480 rows. This format needs to be re-sanpl éd or scaled to be displayed
ont o a BusqresHiciests apgrauliplied iy diresampleritives Vhinhefollawing arfBrhas 400 red

sub- pi @g}]ﬁoﬁ.ﬂf and 400 green sub-pixels 36 across (for a total of 800
sub- pi xel's across) and 600 total sub-pixels 34 and 36 down. This results
in an i nput VaidCal Rt b=00k56UF_ B(0: B, xe0.284a750V.HC R) + 0. ZB43THY ,(C.aR9f er 18 26

Qotober 2005 | 5 015625 V,u(CuRy) +0. 015625_ Viy(CoiR ) + 0. 234375V (CR,00) +
25 0.234375_V,(CsRyr) + 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 fo 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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WO 02/ 091349 PCT/ US02/ 12510 5 equations for each red sub pixel 34 and each
green sub-pixel 36 can be calculated fromthe fractionglogsheeraase of the
i nput sanple areas 120 of FIG 22 by the sanple output areas 52. This
procedure is simlar to the devel opnment of the transfer equations for FIG
18, excepto dzhersad ransfer equati ons seemto be differentrisnaesiery single
out put sanple point 35. Fortunately if you proceed to calculate all these
transfer equati ons a pattern emerges. The sane five 10 transfer equations

repeat O&Iaﬂﬁé; or"ﬁﬁ‘{ ﬁ%ﬁlﬁ%o %‘%3 Jgﬂgnt?da% G fo l ﬁ’erv@l d AbVes ie quat i ons

r epeat e“end result 1s only wenty- |ve uni que
sets of Fiéhiiat indissoddfcohuntns iie calasletioni foiFIe. @ﬁ):sfalsfcﬂbwsub p| xel ratio of 4:5.

Thi s reduce g t twenty-fi ets of coefficients.
In these coe °ft@%n Haﬁﬁﬁé&ﬂaﬁ bg’?ﬂ?én( 1Ry ﬁ&ré%/f\{feéieéﬁ' be found which
reduce the total oagn@qc“g{y yoefficient sets down to only six uni que sets.
The 15 . sane procedure Wil produce an identical set of coefficients for

t Ee ar r angerrsual ghegbops qleubtionyfer FIGHS, d9pmedg20i ase done dordhgpgencraleassy ofbi ng gow
ot b pafee 120 thleffhotd bl b WP RARI RS BEORL ST PO

above oﬁansforméarmMgoaasaﬁﬁpmﬁﬂaﬁdﬁﬂhé atud tof samgpdepdins 24 o€ thEietige ofmher iXx with 20

800x600 t ot al db%n @reen sub pixels. Each of the square sub pixels 204
boundeoscffﬁ“%fi‘? 9¢%218¥- 206 i ndicates the location of a red or green sub

pi xel that muglindwMeoFIGel], Qfarfa?ﬂﬁibﬁaﬁ%lesponﬁﬁﬂ%@&@i}eff@ﬂvﬁ woul d require

25 sets of coefficients to be cal cul at were it not for symetry. FIG 32
will besmpb@c@%é%ﬂﬁom perartginehdata fosmat s illpstaiedg F1G. 21 ilusiraiesthe rede symetry in

t he,£oe f he comon
mat ch 41&" or fnén?g)?&f‘q Ter Qﬁaégﬁg%nséqgéﬁgats@dé Etﬁm}{gﬁgﬁ %gﬁljs%i%ﬂ&}%o%v ter kernel
for. subit sxeliffe?dd inspalsite len therinagemizeiilisgeted fl KIGped | eft-to-right of the
kernel for ue,for..all the_ sub Is on t he right
St or oymitte 2 il Firebating dfol el g el Sire Pote 8 he i 1 1 o
i mage of206REIC. Rl bedrlakPn B re@olorplARROGHING £4H85D] 59853, ahd5ASHdIG! B, sub- pi xel
222 has_a filter kernel that is a mrror i|nage, fli pped t op-t o- bottom of

the 30theispmple pritsdé? of OG- SLiye pptasy thespme st reﬁeutmneedtrroaéo-wdam t he ot her
Filder Joaldheted (Qﬁlr }%stﬁﬁgﬁ%ﬁﬁs 35 88 aﬁﬁ%remf&?&n r&oﬁéﬁ%c ;foﬂlrtsi e of an

opposi ng sub- pi-xel l'ter. "Finally, erne or sub-pi xel 226 is
a m rroichacmgleard’l’hﬂrqafpédﬂ@ﬁ@:lmla@@ctadel,y of the filter for sub- pixel 228.

00 15 X5y gl 21 6l e A8l Lo BB, L
di ago naalaclamqns bangples3is mbwﬂbwéd | Heweves3 gerferaliging yhe mdnlmdfusédtergmkmmel s on the
Val oo B ARRfBRay: bbel erererbe e gEa otk RSsIte s PSRy € of A
g Io Iraslt ﬁteagléssﬁru&if fdriah} Sfvek R0 8t it fo QiR iR, {pedidIRfindie it fo bomegAONSt r at e
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 syminetry, 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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26 Cctober 2005 WD 02/ 091349 PCT/ US02/ 12610 symetries in the filter
kernels. The only filters that need to be cal cul ated amg dhighsshadsd in
ones, sub-pixels 218, 228, 232, 234, 236, and 238. In this case, with a
repeat cell size of 5, the mninmum nunber of filters needed is only six.
The remaw0 e2gp9f3ud ters can be determ ned by flipping trhoeuvsizaadicul at ed
filters on different axes. \Wenever the size of a repeat cell is odd, the
formula for determining the m ni num nunber of filters is: 10 P+ | f 1. + p2
1 Ni _&{uhﬁqlﬁ foreactPed B kel 34 8nd &¥8h dsh WGl P hnbecabllaed Fbhene epeat cel |,
and Nfilts is the mnimum nunber of filters required. 15 FIG 34

i |1 ust r Eeckiona] sovsragapf e diput ssmplesens R pIFIONE ydpeswnpdeouipus preas 325 even. The
only filkd. at b ) : d ub- pi xel s
20 24 5ERRet O s BRE bRy B L sk LORUGRAORC, By BREBLE O P 22
filterstmsfer edptionlseul dibedifféthe fereeery single osipaisambletpbimt BE Rafungtelyl s even,
the gengral fornula for geterm ning the m ninum nunber of filters is: 20
2(1+2) 1 gy piceed 3o Cﬂm@#‘eﬂbh?sé aperguAtiont watﬁe@ﬁaﬂerféﬁ-gfme SR E¥fe repeat cell,
a”dldVeVﬁé]]sfe%cidd@oMeMr D& ackss £ dokwt %I:ﬁan&iﬁ&%a&éiﬁ-of B@éézv!%ﬁﬁdhg to FIG 32,
the rendering boundary 208 for the central sub-pixel 204 encl oses an
area 21©Peahdewmerch telpyn.f Bugendfresulids ey FiSrea bwapixaye wgnelsels af esmatids 2. Each of

t hese - ' IS, .: , ' .Cj e . add up to
o, s oL ARR R AR ik ¥l o B e e B A e SRR 37 P
pi xel 238niyrlivelsés o3Deficintshén Rirs2 doeffitieits ketenpdttefnaiof synmariesaasbswoul d be: 1/4

1/4 1141/ 4
ound which reduce the total number of coefficient sets down to only six unique sets. The

15  same procedure will produce an identical set of coefficients for the arrangement 20 of FIG.
6.

The following is an example describing how the coefficients are calculated, using the
geometric method described above. FIG. 32 illustraies a single 5x5 repeat cell 202 from the
example above of ‘converting a 640x480 VGA. format image to a PenTile matrix with

20 800x600 total red and green sub pixels. Each of the square sub-pixels 204 bounded by solid
lines 206 indicates the location of a red or green sub pixel that must have a set of coefficients
calculated. This would require 25 sets of coefficients to be calculated, were it not for
symmetry. FIG. 32 will be discussed in more detail later.

FIG. 33 illustrates the symmetry in the coefficients. If the coefficients are written

25  down in the common matrix form for filter kernels as used in the industry, the filter kernel
for sub-pixel 216 would be a mirror image, flipped left-to-right of the kernel for sub-pixel
218. This is tme for all the sub pixels on the right side of symmetry line 220, gach 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 trne 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 filier kernels on the diagonatl are internally diagonally symmetrical, with
identical coefficient values on diagonally opposite sides of symmetry line 230. An example

of a complete set of filter kernels is provided further herein to demonstrate all these

19




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 sgh@doeyendaps five
of the surrounding input pixel sanple areas 248. Al though this sub-pixel
is in the upper left corner of a repeat cell, it 20 26 Cctober 2005 WO
02/ 091340213802/ 12610 5 is assuned for the sake of PERUSWIA¢WoNn t hat
there is always another repeat cell past the edge wth additional sanple
areas 248 to overlap. These cal culations are conpleted for the general
cases agythnichtes @oipe siliorf keidbds. dhs phig Yilteislihat BeediaBeltaehldddiare de ghatidEhent net hod
as described above. Because render.i ng area 246 crosses three sanple areas

' 248 hor9usH SERPIGs 215, 3287842304301 and 235, Indthiseaser with arepeab elletizegi Py be
necessahy gﬁfgmﬁ'ﬁ Bl o iiers GG | s(‘dngyp%f Tﬂ_et}@mg:tgl#%?@t&fs'cﬁi s e rddin gdcal cul at ed

as descri ore: the area o i nput sanple area covere

r ender i iyflippiegthe $@alcelatrd didtons ool difedent les. Whaneve dhesjzetofie rapedt abll mr ea of
renderi r nderl area 246 oe ot .overlap the upper left,

~ upper rhahtﬁ ?qr;g@g&oq WP*P&HFI e’%"iﬁ%@é‘%r eas 248 at all so their

coefgfi cients are zero. Renderl ng area 246 overlaps the upper center and

m ddl e | eft sanple aréas 243 by 1/8 of the total area of rendering area

246, so 15 their £ddf ]!_pf)éﬂts are 1/8 ' . Rendering area 246 overlaps the
center sarrpd@,i [__ea224 by2t greatest proportion, which is 11/16d''.

Final 'y rendéring area2246 overlaps the mddle right and bottom center
sanpl e areas 248 by the small est anount of 1132nd. Putting these all in
order results in the followi ng coefficient filter kernel: 01/80

L/ 811/ 161/ SRyl BRUAR Pk BRI e ORI and i id bl Hihighed [0 F1 G 30
with its rendering area 250 overlapping five sanple areas 252. As before,

t he porti onsumberohélters equiséd. r enderi ng area 250 that overl ap each of the
sanpl e area | cuI at nd di vi de area of ndering area
3505 Tt hy DG A G SR A e e e B8, 38 B0 TRO T Doy 0ar)

t he cQﬁfyfftl@rsemttswecbuatbefcﬁteulmabs}teeshsc;edan ones, sobpixelB@409a0.and D@ i | ter
ker nel

fqr FIG .36 woul 5 1/ 64171640 7/ 6437 000 Sub- pi xel 234
{1 om Filtshisseess with p pepeqt d‘t‘ f24 Ciﬁilégl f&%{sﬂﬁusf bee C@ﬁ‘&é neyepthe o5,
over| appk Bﬂﬂﬁ%ﬁet&eﬁtmﬁn &%en&moﬁﬁﬁt fdr%t@ﬂmiﬁ@hﬁ%ﬁiﬂtﬁ:[htﬁﬁer this would

result in | ow ng kernel

ﬁlters 1s
(i)
2 2
2

Where P is the even width and height of the repeat cell, and Neven is the minimum

20

Neven =

munber of filters required.
Returning to FIG. 32, the rendering boundaty 208 for the central sub-pixel 204
‘ 25 encloses an area 210 that overlaps four of the original pixel sample areas 212. Each of these
overlapping areas is equal, and their coefficients must add up to one, so each of them is 1/4
or 0.25.. These are the coefficients for sub-pixel 238 in FIG. 33 and the 2x2 filter kernel for

this case would be:
1/4 1/4
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

20




30 21 26 Cctober 2005 WO 02/091349 PCT/ US02/ 12610 416414/ 640 1416432/ 640
000 5 Sub-pixel 228 fromFIG 33 is illustrated in Fl G263&:tbdrP0o0s S
rendering area 258 overl appi ng sanpl e areas 260. The coefficient
calculations for this case would result in the follow ng kernel:

4/ 6427 6WINBAIBABA27/ 641164 000 10 Finally, sub-pixel re3@séyaenFl G 33 is .
illustrated in FIG 39 with its rendering area 262 overl appi ng sanpl e
areas 264. The coefficient calculations for this case would result in the
f ol bowiingsiasdTer the $ekB 4Pdalddation thathh6id %710 4k HA6th&QLpekbeeliad tie@Dgd udes all the
m ni mum nunber of cal cul ati ons necessary for the exanple wth a pixel to
sub- pi Wb gdditipgsl sgmple sreasA4R te pverlpp sFhegst calaylations areeqmplelpdfer theet s can be

constr Mo]o] S | : : Lfferent axes, as

descri %g%&@mc?%aﬁg@@g%q ‘ﬁglr% d?sﬁféygﬂ?%@éhsafe]glké lt}sliéa ﬁeﬁéﬁp}%@o&?{ ter kernels nust

al ways desenibednbovee Recaust esndevirlgl area2d6 edofses thrdehsamiplei aggat B4SSinoriadntdllye out put
ahove. wev if the

i mage. Thjs is true qf | .six filter kernels e

cor ol &ale Erept 9= Bler BieL w00 Pésemantie BRI elPena s voul d al |
be 10f r asdfiicitgs A8 datE@8td AsRiebdrbad bétbhe P e Abea®F bARTRN: Samplld arbaSco¢@BaON i n the

I ndustry to nmultiply all the coefficients by sone val ue that converts them

al |t obymnderéngsreaPdp is menserge pndiipen divided by thatal peeawE adaring esh 2491 y i nput
sanpl e [t filc .Lhe total 25 is
i v ol eprip bt 2 ek b e e HOR. by i Sovtled SRS 0 1 ¢
appear samylatressL48woall g ther coeffivimitsrarendesy. Rebderitigtarg Mﬁaivdzr;[aphm ogefficients

]? ?lomTEIf:%tevaggcli %f@fél%ilttéf{ll Bét}gae%%jl%%lyll%wog %e];tétéulta%ao %nr&glling a?ga Zig,%;)pl xel 218

15  their coefficients are 1/8". Rendering area 246 overlaps the center sample area 248 by the

greatest proportion, which is 11/16™. Finally rendering area 246 overlaps the middle right
and bottom center sample areas 248 by the smallest amount of 1/32™, Putting these all in

order results in the following coefficient filter kernel:

0 1/8 0
18 {11116 1 1/32
0 /32 |0
20 Sub;pixe] 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 arcas 256. The coefficient calculation for this would result in the
following kernel:
30

21




WD 02/ 091349 PCT/ US02/ 12610 0 8 0 8 44 2 020 5 (divided by 64) Al the
other filter kernels in this case can be simlarly nodibkiRe:Hep200vert them
to integers for ease of calculation. It is especially convenient when the
divisor is a power of two, which it is in this case. A division by a power
of two cwodesenpleted rapidly in 10 software or har coasodmgsishi fting the
result to the right. In this case, a shift to the right by 6 bits wll
divide by 64. In contrast, a comercial standard di splay col or i mage fornmat
call ed XGA (which wused to s ““gu Kt .Ua'c G aphi cs Adapter but now
si mply means 1024x768) has 1)?& co*%@‘ns and 768 rows. This format can be
scaled to display on an arranggpentazdd dfio Fl G 15 10 that has 1600 by 1200
red and green emtters 34 ang_36 (jplus 800 py 600 blue emtters 32). The
scaling or re-sanpling ratio|8f thi® confdguration is 16 to 25, which
resylts in 625 unique sets of——coefficrents. Using symetry in the
coefficients reduces the nunber to a npre reasonable 91 sets. But even
Ei hi s sgaldl eEuBlpmm&ﬁongFlﬁ.eﬁﬁinﬁyuiatédﬁlemdﬁ@ﬁhit&fbﬁdﬁidg)areagagfj, asd o
- descri bed_above. Instead a _conputer pr.ogram (a machi ne reada medi u can
20 aut GYREPPing; Sawplsapeat 2Gly Jhyg c ?%@ale@?t&n,s %Oéﬂ%‘ﬁ%i”@i‘l? TS P8 duce t he
sets offga@bik&h@nts quickly. In practice, this programis used once to
generate a table of filter kernels for any given ratio. Then that table is
used by scaling/rendering saf¥tari76r Huvefed i nto the ROM (Read Only
Menory) of hardware that i nptegerts-_—seatngiand sub-pi xel rendering. The

ARG rde

;

first step that the filter geher3 am nust conplete is calculating
the 25 scaling ratio and thegpsiZeg of f ¢peat cell. This is conpleted by
di viding the nunber of input_pixels add the nunber of output sub-pixels by
their GCD (G eatest Comon Denom nator). This can al so be acconplished in a
smalsl doubl . t . S agai nst a
sgfjioes of p?ﬁfﬂﬁlg n uﬁﬁggrggsﬁgﬁlgnﬁg%%{ssl%%ﬁ%d ;Hﬁﬁ:lihu%ét ‘Pﬁh #&H@%{Egs{e‘%t ed prinmes
as hi glx62asvérgpmg uange sromt266f Themeffividnt exlcobdtionsfor thiseam welld eeultins. | n
practice 0O w tkg t ypi cal screen sizes it should never be necessary to test
agai nstHSfOlREWE r than 41. Conversely, since this algorithmis
intended for generating filter kernels "offline" ahead of tinme, the outer

| oop coul d si I run for all _nuphers from?2 to sone ridicul ousl | ar ge
: P Py 4/64 | 27/64 1/64 , y g

4/64 | 27/64 | 1/64
0 0 0

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 ali be
fractions and require floating poiat 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 meltiply 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
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nunber, primes and non-prinmes. This may be wasteful of CPU tine, because it
woul d do 23 26 October 2005 WD 02/ 091349 PCT/ US02/ 12610 d1e8L 2best s t han
necessary, but the code would only be run once for a particular conbination
of input and output screen sizes. An inner |oop tests the two pixel counts
‘agai nst weomesent prime. |f both counts are evenly pdiriseiée by the
prime, then they are both divided by that prinme and the inner |oop

continues until it is not possible to divide one of the two nunbers by that
prime again. 10 Wen the out ep—toggp-te prtat es, the remaining small nunbers
wi || have effectively been irvrdgd by|the {&CD. The two nunbers will be the

"scale ratio" of the two pi xeR coumts. |Sone} typical values: 15 320: 640
beconesl: 2 384: 480 becones4: p 512: 640 becones4: 5 480: 768 becones5: 8

640: 1024 becomes5: 8 These raiﬂos %ill b@ referred to as the pixel to

sub-gi xel or P:S ratio, wher h&iﬂ#ﬁﬁ4 pi xel nunerator and S is the

- sub pi xel denom nator of the ra e nunber of filter 20 kernels needed
across or down a repeat cell is Sin these rati os. The total nunber of

ker nel s nee I's t odyct- of the horizonfal and vertical S values. In
al nost al | gﬁﬁh @ﬁﬁgﬁwpgﬁﬁﬁﬁ@F@§@§°§%r é ydeodfrd thepaverbiiemtioand verti cal
repeat ip@drefon efb éﬁeawdubntrﬂrsres&éian Qo¥BnichtdARh Hie@iviR e o ef'br”fber of
filters required wll . From the tabl e above, a640 i mge bei ng
scal ed #e, whigloip ipi gds mﬁ Itiensmtbofraworrasofatwpcel beeqobplegsd r@x@yamd woul d

reqy r [ f. [ bef Ki. tries

i nt%’aU agsgﬁﬁ%r?;@hzﬁ&wgébﬁkﬂﬁuﬁ &gar Sugrtén&lr@g , sf‘%?fcfa ?%lﬁé?%v ﬁl é’y ({m:t add up
to one hatse/ﬂirdledebylﬁé. filter kernel. In practi ce, as nentioned above,
filter kernels are often ¢ Icué é d as er values . with a divisor that
is applied o TR AfOMIPTH qr s l%cql‘%?t’ g"o%@latﬁ?f]legﬁ{ém fwhichs § ppor t ant
to st akéd B¥tabidlos XicHabdOrabhigs Aeapaéarmﬁ@wmplﬁe%ﬁscm%%hyhaﬁoﬂms' bl e, so

the rendering areas can be 30 calculated ih"a co-ordinate system | arge
enough cpiymas angd B8apws. t His oana gl sslsd @rc@snlmcegwemgangemés io8FE® has shown

{ et & N9 (600 601 MGG U SHAR £ 186l A B Bl DBt uat fons 1

where the size an in e nu out put sub
p| er s 3&p r'B@scszng cepeatpbeg datio vithis lconfiguetion isei.ésto 28 vﬂjﬁchaesuhslﬁm%' pi Xel equal

t he nunber of i xel.s across a .
unique sets of cgéﬁimgnts ellem g symmeiry 1n the coefficients reduces the number to a

more reasonable 91 sets. But even this smaller number of filters would be tedious to do by
hand, as described above. Instead a computer program (a machine readable medium) can
20  antomate 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
ltested 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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repeat cell. This is counter-intuitive and seens backwards. For exanple, in
the case of 35 scaling 512 input pixels to 640 with a 4g0ndesernadd 0, you
can plot the input pixels on graph paper as 5x5 squares and the out put

- pixels on top of themas 4x4 squares. This is the smallest scale at which
bot h pi xavGoxeam4be drawn, while keeping all the nunbersTistzgews. |In 24 26
Cct ober 2005 WD 02/091349 PCTI US02112610 5 this co-ordinate system the
area of the dianond shaped rendering areas centered over the output

sub- pi X @lose defts hhivByEss A Uk tHeQodaNv&iRd bilf béul dn@f foPdpattudcombiionor 2* PZ.
This is the mninuminteger value that can be used as the denom nator of
filter WEMgHandawpEscreay st unately, as the dianond falls across several

{1 rangl e s Ehuneliah O BRARPRR B sl R RA PR ool AR 00

resul t evenhodivisihle dgére priadeythsn thgp e bothaliiddddlyithng ptisw: erd thhmnerlesp sol ves thi s

problem so the .program.calculates areas nulfipJied by two, This nakes the
i nF manberSBpe i GreOE i T i o igbeaP by Bl i it 1<
Nec ey s akgheh tredffel B8p REWINhRE, IR BRAGRInk sk hukiRid Wil HIVS EtikGvely Feehhe exanpl e
conpl et ed_by -hand a%ove, sone of the filter kernels were 2x2, sone were 3x2

"and. ot héfviled by tha&i(D. 3w twrampers will bedthefspaleragp™ efibe hwipirel seibisout put  pi xel s,
and how the dianmond shaped rengeri ‘é’ﬂ”ﬁ% can cross each other, determ ne
the maximum filter kernel size neeted. en. scaling i mages from sources
t hat have nore than two out ps20:Gidbequmes| s B2ross for each input pixel
(e.g., 100:201 or 1:3), a ZX@%%GI’ kerne| _becones possible. This would
require |l ess hardware to i npPerenCeCoBFt hetthe i mage quality is better
thagsprior art scaling 20 sisgesqfohecduigul td-Hg i nage captures the

"squar e-ness" of the inplied ta%et pi xel, retaining spatial frequencies
as best as is possible, repré¥siBdgcamest hed:8harp edges of many flat panel
di spl ays. These spati al freqﬁm% &En?s us§§l by font and icon designers to
i nprove the apparent resol ution, chea Ing the Nyquist limt well known in
the art. PriTrscantiossdibe rajerresltgas the hivel tesibhmpxel bor BiStretib, there Poathed spati al

frequencies.to the ISt imt. usjng .25 interpolation, .or t the

shar pn e’élgl_,lt pb’fﬁmg?eézﬁ{’\yeaﬁg Ris g’(?t‘"’ﬁ?)‘ﬂ%gll dgn'%?fﬁgg Ofrs}rﬂ?eorgtf‘o'\{m@rpu?@gl (?f:f]gtgrd own there
ar e20vor Berhd)Pibeddd as@bsSorldoda aQtgepttell S4mPhes@tatios. Atheaiil ifsibkfof Keskor great er
than 1:1 é?e._g., 101: 100 or 2:1) the filter size becones 4x4 or larger. It
will behee q_‘lﬁﬂl?l!?Fftd“‘EWfEBr}i‘WF@’éﬁ)lﬁ%ﬁmabg FaivRSf Sralmpgall therogmpore 1 ne
buf f er sy deRRaERA sifddif horldMAURE verﬁ&%gsagpg&em%i%&stm wrRBdg 8 1:1 and

1:2 has the advantage that the kernel siz ys at a constant 3x3
filter.idegiceland theloymbernsd filiofs requised widids S hBromythé tableabeve, 864348thpl enented in

har dwar g £b iy Welibh 1 o i 7R M Wik s P EARBUFD)s Sl Gl b e pr 0gr am
o sinpl'y®genetate
2.5. 8x8 or 64 different filter kemels (before taking symmetries into account).

In a theoretical environment, fractional values that add up to one are used in a filter
kemel. 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 calcuiated 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 aumber 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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3x3 kernels. In some special cases, |ike the exanpl e done above by hand,
sone of the filter Kkernels will be smaller than W | n gtdx@sbes0gs al cases,
even though it is theoretically possible for the filter to beconme 3x3, it
turns out that every filter is only 2x2. However, it is 35 easier to

cal cul at Wan®9R8& nel s for the general case and easi er PCEIUSORR@Ment . har dwar e
with a fixed kernel size. 25 26 Cctober 2005 WO 02/ 091349 PCT/ US02/12610 5
Finally, calculating the kernel filter weight values is now nerely a task
of eal GHis@bioitinaté R, 88 Srch bF B AiakitRd sibed AfdePhs alchhteRl65erInd hat

i ntersect the output diamond shapes at each unifque (non symmetrical)

| ocat i omtiuhsuthgixeleisalvays equal toTice thesirea of em yuipttpiichdrt B \isds theender i ng"

"~ task t - ] 0 in the jndustry. .For h filter, kernel, 3x3 or

ni ne g%@ﬁ?%}ﬁ@%egb%?%m%gﬁ%%ﬁ gg%?%?ger%g%a?ﬂrgf ﬁﬁeéa‘{vceﬁghi)?a‘hfeﬁ‘e coefficients, a
~vect or descrinfbrtunatel{ as thediathOndibBoavncks sévaﬁeﬁ]pﬁ@mﬁt it 0%h RcBapped if@ener at ed.

This shape s clipped against the input pixel area edges. Polygon clipping
~al gori tq;}gvegu%aﬁalaapa%‘ et hRarep okmBiRpgls i @%Elqtfh%‘ﬂé%th?h%bém&(%éby el |y, the area
(tiqges ] % I | | : | rea is the
oot Cen Rl ok HUIRE RS YRyl Tl B s IR R b6 0
out put the pragtai egloplateg regas milgipkdddwriwbe Tipmalks tBominireup usedil imtegen| ut i on 1024
Dest i nat;j -pixel .re ution 1280 Scaling ratio is 4:5 Filter nunbers
are al ﬁm&?@?n?fﬁ]g“%m léaé{(’ nimmfilters needed (Wwth symmetries): 6 20
Nunmber of f iNekeit B ngeReiRlbaldcilel®y [ah@ eaot TR kdthel ndft b, 37 1H34xa$H1916 16 028 4
00 32 0 321176 681480108108 01486808 176 32 08008044 08000 8 O 4 68
016560338@36@311' BV some alibs Blerdeols e ZErHuE Mg 3and othes000 00000 0 0

161883510, 087380 Ay A2 56 VRS FRa00000000

rendering areas can cross each other, determine the maximum filter kernel size needed.

When scaling images from sources that have more than two output sub-pixels across for
each input pixel (e.g., 100:201 or 1:3), a 2x2 filter kernel becomes possible. This would
require less hardware to implement. Further the image quality is better than prior art scaling
20  since the resulting image captures the “square-ness” of the implied target pixel, retaining
spatial frequencies as best as is possible, represented by the sharp edges of many flat panel
displays. These spatial frequencies are used by font and icon designers to improve the
apparent resolution, cheating the Nyquist limit well known in the art. Prior art scaling
algorithms either limited the scaled spatial frequencies to the Nyquist mit using
25  interpolation, or kept the sharpness, but created objectionable phase error.
When scaling down there are more input pixels than output sub-pizels. At any scale
. factor greater than 1:1 (e.g., 101:100 or 2:1) the filter size becomes 4x4 or larger. Tt 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  ataconstant 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 beceme 3x3, it turns out that every filter is only 2x2. However, it is
35  easier to calculate the kernels for the general case and easier to implement hardware with a

fixed kernel size.
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4680165603636 0561600 68 4 00000000 00000 O O 008044 08 0 00 8 0 27
868148010810% Q1486808 176 32 F 1320 04280 1616 0 2840 78 Retoidr2eos - j 19 -]
26 26 Cctober 2005 WO 02/091349 PCT/US02/ 12610 5 In the above sanple
output, all 25 of the filter kernels necessary for this case are

cal cul at ™9 02{P3iout taki ng symetry into account. Thi SCANUSERAR6KOr t he

exam nation of the coefficients and to. verify visually that there is a
hori zontal, vertical, and diagonal symetry in the filter kernels in these
repeat cel | Finahg, da!a:hlmﬁg the ttgradl ﬁiuaﬂwe:lghmams Bfnowheerélyagek aﬁqalcbhtmg reat ed

uni quel r.oxi fmat ed i1 ling in the "m ssing"
sanpl e téﬁ"'l'rﬁasl CSQPE’S 383 gyt

t data
# dnteryent Higougppt ql%rgoqsitsh@ega c@ﬁb nost

si gni ficant (l%dnrgghﬁ]eawawéaﬁ&ﬂﬁ the%pe*a{ @K This 5L erf @&mgqlftfoﬁ%&f icients is used
eping track of the

in a filter kernel, as’is wel known in the art.
posi ti om@ldamg”wkﬁmt nw@bmommt@e ursiuarsﬁt d@keﬁCbrﬁltﬂﬁ@HbiKMmmr har dwar e

ot Tt Bl ar et b R Sk e sl RSl e ann SR o "

cal mul aﬁaﬂilgldtsh@eﬁﬁ'éﬁdeﬁﬁg a@élﬁb g@ﬂéﬁtddan‘hﬁrsﬁ@g&: wéhgp&eagaﬁzpuhc ibputpaiepl € area 120
to output sanple area 52 for each sanpl e corres&gndl ng out put sanple point

35, um%eﬁé‘?fné)dré’ﬁ%\ﬁh@ﬁlgﬁlfé’nms that peg welbknopp i the JdaetyaRe 8eflay 108 of

sanpl e wemvt e 21 overlaid
on the bl ug %%Ig%?g %Q%r%@ﬂ%ﬁhﬁg&faﬂroyggﬁ %cfﬁla%ﬁeﬁﬁ%g‘ﬁ?%%fg Hﬁet he sanple

poi nt s ceefficieht fbr (e cortesaomslingoell onthe fidlerdeeme!. s aarhple owtpeidiont thispragrarm,
board" array of FIG 11. The
transform equati on cal cul ati ons proceed as

co-i _ncild
met hod '

Hobm el

O, wi.th the red and green

gfl ng the

"checker

nor

desny i tmdrce@{xlehegoluﬁanrmm the size of the repeating array of three-color

pi xel
coef fi

t hese \faltenaymbere a@plﬁldm@bdtbw 26

20  Number of filters generated here (no symmetry): 25
032 0 4 28 0 16 16 0 |28 4 0 Jo 32 ©
32176 8 68 148 0 108 108 O 148 68 0 [8 176 32
jo g o 080 J440 8 00 080
[768 0 16356 0 [%6236 0 [5616 0 |06 4
228148 8 56128 0 92 92 0 [128 56 0 |8 148 28
000 000 000 00 0 000
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32176 8 |68 148 0 [0 108 O [li48 ¢8 0 |8 176 32
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B

enents i.s determ.ne

estnation subypixel resofytign

next the m ni num nunber of uni que

?%ﬁ(?d then the val ues of those coefficients by
the propQidd QR4 4-9verlap of input sanple areas 120 to output sanple areas
44 for each correspondi ng outEut 25 sanple point 46 is determ ned. Each of

Minimum filters needed (with symmetries): 6

e transform equation.
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The array of repeating three-color pixel elenments and resulting nunber of
coefficients is the sanme nunber as that determ ned fobgihgycpto@nd green
planes. FIG 24 illustrates the array 110 of sanple points and their
effective sanple areas of FIG 21 overlaid on the blue color plane

sanpl i ngwareeas3®23 of FIG 8, in which the sanple 30rpoitatza2@iB?2 of FIG 21
are not on the sane spatial resolution grid nor co-incident with the red
(red reconstruction points 35) and green (green reconstruction points 37)

Johacker DOR e abAb s@plObutbl G delof il M RINACh QLB 15 B M afehe 1T anstorm

equation cal cul ati ons "proceeds as above: First, the size of the
r epeat icalgulated ayithofit thking sruomdtgrinio akeunie | Thiseadipws fog thedaminaiionad theNext , t he

.m ni mum nuber of uni.gue coefficients i.s termned, ,.and .t hen t he 35 val ues
ot "t nocbetgER pel wipe o ERE b ot Bt B A S SRBVERN o arens 120
t 0 out galthe FBRMRIRIAR @RSe bkt B, A3GHfoRPEdRSRARGINEE of tHelmhgesBaee pOi Nt 23

i s determned. Each of these values are applied to the transform equation.

27 26 dreptshupiquedoy wy wapporizaatedig flisge thes gusing” Hpet datcueglefitthas exani ned
t he oRCRJ Qi ] v%]%' R(@' : el rrangenent
1061}(1)as rée %?Otfalfrt%étr?gg?er%%d& glpzue é’g:\r?’ﬁaféu%ser fg«%a?fg%mﬁ%@@n %ltot?%rg}e%? fal'coI or pixel
el ementBa8h sedsf doaffoientis wed i fBier kerndloasis wilkkdovarin itheage Keopingmtrackd accor di ng
to this_ _arrapgenent onto the three-cal i.xel elenment il.lustrated in FIG
6 or | R B EoHHGHS SR Sy RSB O BT OGS B PP RE I e e

pl acengiduRfmithRclirghes, 3¥ 8@ re MBS wBll Kfwhln HRGEN Thé tielk bOEn&RMiibthe | S
illustrated in the arrangenent 12 presented in prior art Fl 2. The red,

gr een, cagfdcipnigis asterppeneref ceeplgibesprapastiongl ovedpmipashthediiuh each ot her,

t hgre i | ' | Iy L.sl osed by
bengeciiingp A1 AER bt Ghal AEETAE! o fGERIEIRRRANAE ob iud TSP Y o
al . i npoinE35, Beihemtansidnown l88s &85, t hese | ocations are used as sanple
points 3, 5 ./ W th sanpl eas, as wn,in prior art FIG 3 for the
red col or 1?‘%&3?1@8?%?3 %ﬂﬁ“f%? i1§$ %Ppklp@tsigﬁﬁ?d{hﬁ’égﬁ?qg‘ge iRt ane 16, and
prior anb ofifiG. 2bovedthidlon ShedblBEFblorGRine anilidp @redB44 4F FIGAIRS frowiitiegeat i on

cal cul ati on can be t?%nerat ed fromthe prior art arrangenents presented in

FI GS. S?IHI_al? peiplg 152 ¢ ﬁr?h@eﬁﬂ%&%saﬁ}%ﬂ%@éﬂ!ﬁé}%ﬁie HWW@"WBBQS t hat have
begn Ot feda AOM Eor® BhHecREr tibid kit SflofBIGCA e Mok of BEEARE fHeCl entS Tor t he
transform 20 equations, or filter kernels, for each Sutput® sample point of
t he chdwsasiopydquatiocarcalcalpiicns gervett as deferitd adier.| Fitstttheatizesof thegepeafiegct i ve sanpl e
area 125 e .col | ane, of . overl ai red col or plane
~sanpl i %ﬂa’g%fe%%e"g‘gg%’?& %F%Em%é% (\%eéénen eé’%@?‘?éﬁ%ﬁ%%&g?r O?e Tvitters 35 in

FI G 25odffisientdie dstammsing, xed thbrethe bal(ssey émbe corificlentsdyahapropmtiant t he

art ang%‘r;r&ﬁ%) 0% 1r1]1p1|1:t| sgimplg alz‘if:rzls(,:I 120 to output sample areas 44 for each corresponding output

25  sample point 46 is determined. Each of these values are applied to the transform equation.
- The array of repeating three-color pixel elements and resulting number of coefficients is the
same number as that determined for the red and green planes.
FIG. 24 illustrates the array 110 of sample points and their effective sample areas of
FIG. 21 overlaid on the blue color plane sampling areas 123 of FIG. 8, in which the sample
30 points 122 of FIG. 21 are not on the same spatial resolution grid nor co-incident with the red
* (red reconstruction points 35) and green {green reconstruction points 37) “checker board”
array of FIG. 11. The method of generating the transform equation calculations proceeds as
described above, First, the size of the repeating array of three-color pixel elements is
determined. Next, the minimurn number of unique coefficients is deterrhined, 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 eguation.
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.. 268, resulting in a 2x

FIG 10. The nethod of generating the transform equation cal cul ati ons
proceeds as 25 described above. First, the size of theJgapesdrngosarray of
three-col or pixel elenents is determ ned. The m ni mum nunber of unique
coefficients are then determ ned by noting the symetry (in this case: 2).
Then, theoahss3wal ues of those coefficients, by the propwusiziional overlap
of input sanple areas 125 to output sanple areas 52 for each correspondi ng
output sanple point 35 is determ ned. Each of these values are applied to
t he & ransf or gﬁ-ﬂ'gqﬂs ){,39]‘-515[ ' r oAl TR of the green
col cﬁ pl ane,ﬁgg&i st rg e e{&ﬁhﬁgﬁ‘f@aﬁ%g@%é&lﬁ%&gﬁs' m B:}%itrnanner, but
t he outpantl disphug lagargement 10 hay et 41 greentfy addBbluahemitte agreged id aheee- sanpl e ar eas
127 -are,of fset. FI 26 illu t the effective sappl e areas. 127 of the
bl e - OGB! SiRenb . 9510 1o AT 1 T ToPTR R Hntee SHTBNE BPTUnEst OHS pl ane
sanpl i %ra%&ﬁa‘it kS he trdel Glor Pixel16mentt Anistrhibh FAG SSoraR FRXA0PKE for blue that
corresponds to the red and green exa:g;lqe 35 in FIG 32. Sanple area 266 in
FI G 40e¢opstacionpaiads iysibe deteonined. dihgpinsement of the tedegrpaadangidue gr een exanpl e.
The anu I or i gi.nal..ni . I ' h ; ere are
fe\%) r r}gﬁﬁé‘?‘%ﬁﬁﬂpﬁ?ﬁ%ﬁ? (lal %&gtg%ﬁﬁg‘?l&g%g%%t ﬂﬁrgk%%gfl IFP%?gﬁtF%eauir’ erfﬂéal cul ated as
descri lred] gheehciné bk neodbudon@ointdxee n@@0mcidnt B/2th @hIAker Rbeké 302/ 12610 5 area
of each i.nput s | e area 268 covered .b enderin rea.266 is nmeasured and
hen et diRbaEnt P iR eI PR B oot ik CehPReBxanpl o, ¢ ne
bl ue sagmkizg, 144, aad Béﬁbzv BAL & 41 )n OV IPhRRING. BURS, 945, teG BEdBhAL uRlixel areas

. filter kernel with tour coefficients of 1/4. The
ei ght @ BaRplppejats dut, pud 7 with sample argas, asmhown i prive kit FEa Grferx the gagicolor
i nt.@rs ' P RELTHs) ' - ' I 40. The
syr%;gfet %?%gﬁﬂ’%ﬂ\%éel at i%%%%?%?%‘%%t%og%ﬁgéa%tgg %ﬁiﬁ&?’?@%ﬁl@ eeelc?bserved I n
't he synrmiet plagal8.arr angenents of original pixel boundaries 274 in each
out put pixel, area 270. .1 n e conplicated, cases, a conputer programis
used 1o gendy BREOB trion liplabel pefthe seroryird KR Biiesr ELPHEEERNIS o be very
si m | arprdsentédia MGS.T, 2 Mnfl 6 FroeiRe ttHoRgdiE@ehe@Rdein OTRSMethbdsitRit bRy nel s. The
bl ue sub-pi xel sanple points 33 in FIG 11 are twce as far apart as 15 the

red andegfy @lined abgye sarlsi yiitizedshy calpplating, g seaffigients fenthetgasfine rendering
aregs Wtk ] ] Ih@wg HEofuansliedl ed and
gr 2gn a %&tﬁ?ﬁ%ﬁ%‘%&?ﬁfg@%g&‘aﬁ% %r tﬁﬂugle p%]@\n{e%fe as gs\rzh gogggﬁiﬁﬁggég%%g I ng between
t he sadiGelpbndtrates thglaffective kamsple frea 1 2nfeéhd nad)calorgdane of FIG.dvantald g een and

blue the s wi,dt h and hei ' resulis in several ,convenjent
runer e B8 ettty il Uiaf 54 o WA T AR Bt PP RO SRRERESEN (o 1 he
ones f ot FiGed5 anthgsaarpixePRvAl(®pedt heit)reqotmion actht arfdnzeméntin PIGI6 and | |

genera e jdentical to the repeat cell size for red and green. Because
t he bl LFiésﬁ’o-fHP%’éﬁmga‘%@P%fa-ﬂ i fﬁ‘reél“%ttﬁ’&ééa‘ﬂi‘%néar"&%e & apart, the P:S

25  described above. First, the size of the repeating array of three-color pixel elements is

determined. The minimum number of unique coefficients are then determined by noting the
symmetry (in this case: 2). Then, then the values of those coefficients, by the proportional
overlap of input sample areas 125 to output sample areas 52 for each corresponding output
sample point 35 is determined. Each of these values are applied to the transform equation.
30  The calculation for the resampling of the green color plane, as iliustrated 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 inFIG. 32. Sample arca 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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(pixel to sub-pixel) ratio is doubled. For exanple, a ratio of 2:3 for red
becones 4:3 for blue. However, it is the S nunber in vhiGsRtoog hat
- determines the repeat cell size and that is not changed by doubli ng.
‘However, if the denom nator happens to be divisible by two, there 25 is an
addi ti on®O @pvi3s zati on that can be done. In that caseCTUR®/12&O® nunbers for
bl ue can be divided by an additional power of two. For exanple, if the red
and green P:Sratiois 3:4, then the blue ratio would be 6:4 which can be
si g i f arefofteachInght sahplé ailo® a6Bcoldrad by RRnddRias erea Q6y Bhcatirabmd ke bl ue repeat
cell size can be cut 1n_half and the total nunber of filter kernels

requi r edVided by B tobh area abrendsring pgp 265 Tp dus exaaplys e flue cyprliag §8p o0 f or

si npl i cj | - O | L4 e el o | eave
he bl LR Rhicof B orPiypd PR kIR 2ch o KBRSy 2

r esul t i cogifsentsof 1M Theeightathee blge vitput pixalaeab ATD iandthes géapesribalipl i cat es,
actual |, ut will .work.identi.cally to t.h e d green set of filter
or nol siteseidns b ot R bkl Gomant moa e D 1B e (he red and
gr efn fielati@fshipS 6MBE resBMDAIENR b Be OBKHrel In €€ tfcd) atthgbiddtesf Kernel s was
to double the nunmerator of the P.S ratio 35 -and change the rendering area

to a souigns! pindtegndades Z4dn each petputmiigl ®emdi0der the arrangenent 20 of FIG 6
and the blu B, Thi S ¢l LJg bk ar, t he previous
exanple in t %t th%p&f%@g%%ﬁ%ﬁngﬁgim%%%@gﬁ% §§ﬂ3§ﬂl%gﬂ%]g Oct ober 2005
WO 02/ (etisi9 TRISPrdgBOR (kRGO toDe Mawsingiar tdibe prwgenefpe pgnentifgred aed urm of t hem

are staggered hal ei r. hei.ght up .or .do he .cal culLati ons are

Corp i R chbe g sutepie Yaha Bl 2 B RIS 1L SR R I 1 | e
douty edhd Rl haditbe dayhple JRMR/ES, 37, B sbaink Gk e bRIGERRHALrBRA Wil BEtWieH Scover ed
to produce the correct filter kernels: 1) Generate a repeat cell set of

filter 3R&HdfeHowgyen the rendone reeas fyprdand greak reghiamandshaped andadeed, as
descri %?&eam}q%-as &é@ﬁécﬁ#w&% th@@aﬁnlﬂé‘ﬂoiﬁtgv’ﬁﬁ@&aﬁéa% LaefnPdredsiokt ers for
w t h™ nuribe g cf engl

t he repeat ce rs starti Wwih zero an g at the repeat
cel | siedéandgreensind blue tte)sa@n widteand \beighcwhicinresulisin sdverabecnpenieni nage, t he

fil ' . I ' h | Qi h
cel | *sibBab T B e B KB A o iR Bl s g e T e

keratel /sed the eepesesl] Siefofbidel il geherhihebd idarizhl 16 eel rejstatZRll @ize fdR€edbng@o- or di nat e
- selects a cglum and tells whic fi_ItSr in thg Y selected row to use. 3) On
the odcBit BatAUIPe RS SubsRi! saqenle RRIYS 7 BifsPaced WieoasriiPihile B58f or e t aki ng

~the m{ﬂi%l% ij-ﬂ;iielﬂaﬁo tshRukish et e}ﬁﬁiplle_, 8 kA®)of 2:88r r8d bRoBkHiBFEe 1S treated
the sane as the even colums. This will pick a filter kernel that is

cor r ectblteo Howkersit isgbrod eermleea dthis Fatipghat eterngnes the repeat cell size and that is
not changed by doubling. However, if the denominator happens to be divisible by two, there

25  is an addjtional optimization that can be dore. In that case, the two numbers for blue can be
divided by an additioral power of two. For example, if the red and green P:S ratio is 3:4,
then the blue ratio would be 6:4 which can be simplified to 3:2. This means that in these
(even) cases the blue repeat cell size can be cut in half and the total number of filter kernels
required will be one quarter that of red and green. Conversely, for simplicity of algorithms

30  orhardware 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 ted 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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In sone cases, it is possible to performthe nodul o cal culations in advance

and pre- stagger the table of filter kernels. Unfortunagabdtolchpgopnly works

in the case of a repeat cell wth an even nunber of colums. If the repeat

cell has an odd nunber of columms, the nodulo arithnetic chooses the even

- colums N 2PH4 ti me and the odd ones the other hal f PET/USB/I2618 ti ne.

Therefore, the cal culation of which colum to stagger nust be nade at the

time that the table is used, not beforehand. Finally, consider the

ar r ghgeHewevel Geatischivay otheaoaluthi ef ﬂhbmmﬂwggérém@lmem hh%’htn;for deves & This is

simlar_,to t revi ous, th the, addit CO icati of hexagonal

sanpl e HF &t %Pﬁ%arf’ P?Ig? ?EDAEM%WE@?WFF@ ?Wb%%?éﬁ%n%él%mﬁ&?to draw t hem

corr ect igabRa hgﬁ’zoﬁﬁn?rHbﬁe%?ﬂlte%lldvdﬁéﬁo&ﬁu& RRBbA dBceRR Y Rbduek AGr am  To be

nost accurate, these hexagons nust 'be mini mum area hexagons, however they

Wil | no@orllgétﬁl@gmmls hexagons. A geonetrical proof can easily be conpleted

to illustrat El 1 areas 123 of FIG 8

are 118 nge(%ngﬂr%teeaa eaéﬁ]egéa?)ftg ﬁt&?@e@%ﬁﬁ?@eﬁgm ie ar eaérgmg?G Al so, the

. topltand botsta(gg&re.ijgede@énﬁchebdmxnmmmamphahm@dab@asf the BbRoéfilléBfonar r ower on
each end th the top .35 and bottom dge of uare sanpling areas 276.

" Finally, no'?'ﬁe e{ﬁ ﬁ’rfgma&fi ghea‘ieﬁeafﬁf@séz&ne hei ght as

t he square smpRdnRO areas 276 -30 26 Cctober 2005 WO 021091349

PCT/ US02/ 12610 5 Filter kernels for these hexagonal sanpling areas 123 can

be gener aZedn the evea calumas inghopiiput iraage, thafiltes inibsredent e¢ll Beeprebiase, with

di anonds for, r i reas are

si nply hexagon@@ﬁ%oﬁé&%?g%ﬁ%c%ﬂ%@é?f&é &Ig?ut? h‘iebé%dﬁg%e?&gﬁg‘%mﬂﬁ“ﬁ

sur¥soundi ng onfﬂqatﬁntexmcmml &ttcﬂlsﬁ;ﬁhsmt)@ﬂo mmjﬁmpdaummemfthmﬁeéb ordinaig t he

slightl d e a the size of the filter
kelrgel sys\(,)\ﬁnﬁglf’%% 0@9{8@@@6@@ f‘b Bﬁ{félzeg%WWé‘:ﬁgstayi ng be!t ween the
scaling rgy lmxih@édd]euﬂpuﬁ&ﬂmﬂnszsub&ﬁébfi&ﬂémm bf&lﬁfatdﬁef&r@éhnﬁ%' ing ratio is

between 1:1 and 4:5 the kernel size will be 4x3. Between scaling ratios of

4:5 and 1: 2quhleoﬁt|(mélaeuzmah@ﬁ113§ie):e1‘hmmo @réwasens@s@@dtbmmasﬁlat because the
hexagonal s I ﬂ:@n éﬁﬁﬁ sanpl i ng
areas 276 t%{emlvdgrtl 8a h%g\?l% aaﬁlﬁsek%}ﬁ?lter %‘%e rstﬂefget re&g&ﬁéﬁsama) 15
Des20gni ng h&i@ware for a wider filter kernel is not as dlfflcult as it is

to build hardware ta process taller. fil i S_nhot
unr easonabl & 1O TaKe IE&@O?S%? t@rpgﬁ%rth%aﬁialﬁgﬁé F“&ﬁ?fﬁsed
sub- pi %elggeranaiable opfilee abmﬂg Gifotteimiely &&zmworkﬁmhél@rse ofSstakptiat @M 1 S

possi bl e.. Wien th ing ratjo is between 1:1 and 4:5 the square sanpling
areas VEPANSY eIPF‘@ebego §thLWP‘“C"‘h° lhay, 1 @dd pmbenofiqofuings.dhe \\en t he

scal i Ngnddald Ritretp %ﬁa@é'sr}héle\én 20uRRenale B tithd 8o dRE BIRGHN bRbothePRAAGONA!
sarrpllng areas 123 of FIG 8 are used and 3x3 filters
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 saropling 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/ 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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are also required. In this way, the hardware remains sinpler and | ess
expensive to build. The hardware only needs to be bui b JctsbepD®0SI ze of
filter kernel and the algorithmused to build those filters is the only
thing that changes. Like the square sanpling areas of FIG 9, the hexagonal
sanplingworeasised FIG 8 are 25 staggered in every otragmsSecalzenon. Anal ysi s
. has shown that the sanme nethod of choosing the filter kernels described
above for FIG 9 will work for the hexagonal sanpling areas of FIG 8.
Basiscal 'y t IFilter R4S fdr ke RoRgponehinphhLats 108 cinhe ghidrdial in ey sagks can be
calculated as if the hexagons are not staggered, even though they al ways
are. TrgeempipiRalavayine wenfleseribet plays. ‘é&l@d@moncbs%@r Ip¢ RIPHHRCE Of Mg BIte of filter

ker nel ] ] ' ) Lanond shaped
ender s ot Rt Mol e Bnfty nBlalons il clehede P o6 othest AR LATDTC D120
© co- or diwitit the syrstuading epiigpieds it measnksel. didforameialy, wirnegiap shefsightlyagiderof

cal cul ati on. .Thi s occasi 1y resulted in |arge total .areas..and filter
Ko nel QeERARLSHAPING e 10 Glcata ob e U TR BR TR P T FhSormet | mes
thig reqel WRéh dtdyidd bebviion BRIBAING rdtltRbf 18 Rd 1:NORNAPNSSWOThal ihe WHi Ch nmade

the hardware design nore difficult. In the case of FIG_ 41, 35 the extra
wi dt h efalingsativdis hejoaen 1:1 anvided ihadremelesize wiflde dkd. | Batwigea spalinpetiesehry to

mul ti pl . effl ¢l s e, )it I . nunbers to
ke | HeAn 2 e Bl G e 2, Qe BNl ot Rk Rmp PR 01 F, G
a way taeeak 128 iretHesame héiglafas thh equdicevsaspling fredst 976 thel vericallsieze 0Bthe Jilte26 COct ober

2005 V\%OZ 091349 PCT/ US02/ 12610 5 coefficients. To nmake the hardware

easi er ¥EBCYLSPYRS thefa0u1 d be advantageous to be able to pick the divisor

to fge a POVRlesiQhing Wadwhre For@X%@aim fhiet kerddi lis ddp&s diffichiess ikRhomliRl were designed
.to be divided by 256, this division operation could be perfornmed by an

ei ght texdvieregRprasassiilier Glieskenmplorso ids soiinigsomse i Bdkednafidemsdes that al | the
e ght fil STHY ;  Lhat
L ARSI SLETRE MO g A R 1

st andar e read-only-"nenories ﬁ'ere e 10 foll ow ng
pr oc edusoletiosispessible. oWhentbe stabing ialio érbekvesen @l 1sindid tShhessquers savglingiavdasor . Si nce

th di vi LS 256, .04 ,will ilized in.the fol]ow
pr ocenurec R e uidingnts inghes Hiers, N MasefBE el BfurdedDel g
f1 gat i agd poj the nivid 4ddirateinexagSiah §@nplingiatead PEY EHIGIB dréusda arl D fillekne

bef orehand, this does, not increase the cost of thé hardware_that uses the
resul t PRitopawed. nthisywapy the brrdwars feraeies SRRl lesyeipresiveio it ot al  area of

the reRdenkitaRIdAR neb®aD betik k! ot sBY o8B kdiibiSndMnk L1gBBHE: debigtof 1 1 ter sumto

256 if all arithmeétic is done in floating point, but” nore steps are
necess&nijd thoseofifierafis itetoalydhing st ehanged) Do a binary search to find the round

of f point ( Eﬁ{te%eeﬁugre Qan?ﬁ['igg Ared of AT Q,Wﬁﬁaéoggl sampling areas of FIG. 8 are

25  staggered in every other column. Analysis has shown that the same method of choosing the

filter kernels described above for FIG. 9 will work for the hexagonal sampling areas of FIG.
8. Basically this means that the coefficients of the filter kernels can be calculated as if the
hexagons are not staggered, even though they always are. This makes the calculations easier
_ and prevents the table of filter kernels from becoming twice as big,
30 In the case of the diamond shaped rendering areas of FIGS. 32 through 39, the areas
were calculated in a co-ordinate system designed to make all areas integers for ease of
| calculation. This occasionally resulted in large total areas and filter kernels that had to be
divided by large numbers while in use. Sometimes this resulted in filter kernels that were
not powers of two, which made the hardware design more difficult. In the case of FIG. 41,
35 the extra width of the hexagonal rendering areas 123 will make it necessary to multiply the
coefficients of the filter kernels by even larger numbers to make them all integers. In all of

these cases, it would be better to find a way to limit the size of the divisor of the filter kernel
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filter total a sumof 256 when converted to integers. A binary search is a
comon 20 algorithmwell known in the industry. If thig gggpgropsicceeds,
you are done. A binary search can fail to converge and this can be detected
by testing for the loop running an excessive nunber of tinmes. 4) If the

bi nary searehebBa | s, find a reasonably |arge coeffici eatrrsiebée filter
.kernel and add or subtract a small nunber to force the filter to sumto
256. 25 5) Check the filter for the special case of a single value of 256.
Thi s5 vagddfricént. MBmaké Ehe'Hﬁrdv%réé&Qlaﬁoﬁési@i, Rifouly bty c?%(s@us_tttbﬁﬁ abfd gest
possi bl e nunber is 255, In this special case, set tlte single value to 255
( 256- 1) pigkithe diisor totbe aguwendf twheFonexanpln ifi atighe Gl kerpele mew deognedibmr ant ee t hat

the filter .sti.l]l t0.256. FEIG illustrates t ut,put..sanpl e

arr angene ‘{la%’obyo _ éﬁ%d“im?n ?R?W%f’?ﬁ%%e % HB‘T’&’%BG‘ ?ﬂibﬁﬁ tS[t“garrpl e

ar r angegpepition. 0Cijosikg 256 dibo guardnkees SRedl thd fikakermshReffichessealdibeg-yi@t i o is one
i nput pixel for each two outgut sub pixels across. In this configuration

200, whetres fgt werid gt inafandard Sbve Widsoteaderty-aeipotiss RPMek idetetue, tehe pairs of
redygem foﬂ@&ﬁgé@cé&r&iﬁﬁséﬂ% g&e&?é fller kBLAE Witk L HIBRE aRRsopOsthél 3 treated as
t hough conbi , WMth-a represented reconstruction point in the center
of t he priferet dvbaris P6x #iwik bent@ived BAhe Billowingprgcedirhe two green emitters 35
37 in thegt er or_pi.xe enend. .39 are freated as.being.,a single
reconst r ubt :&rgﬁulggeﬂhqarga% ff’(ﬁ eﬁh@%&hflﬁmﬁmﬁ %ai'?gPprgaé‘-'@B‘Tn& SPf%el el ement
39. The bl uéhiespekdtion isxBné 6ffaink defdiehind, thQiceendteicreasl b Sost 6ftBs five emtters
can be treated as though they reconstructed the RGB data format 32 26
 Cctober 20082 prtsshay yses sy ng&Ps12610 5 sanpl e points, as though all
thrge col B0ESH Wil P 1HABY i . +fhe "Native
Mode" of g\@larrangemﬁ%ﬂgﬁrﬂgﬁgﬁégﬁa&% ;?ftresa{lrépgﬁgﬁgg%?\%{ngglg}ﬁ xel
rendering, &n236.rBadyillsuikegbodlter sem the25%6df athabmetintipdorgriniltating sub- pi xel ed
display with_a different arrangenment .of. subpi.xels, much of the inproved
i mage qual i ?/lﬁto UttlﬂoeregtFPSgEF%3?”%3&3%%%&{‘?8%?6&%%%di ng to one enbodiment, it
i s desir ab)l Dotadidby genhrafifd te kduad SfE@oit (Hetiveh DI0ns 1/0) Madieikes @Bder ed i mage

to the ar.ra?&%men s disgcl gs%g herein. Referring to Figqures 1, 2, 3, 4, 5,
25, and 26 DAY HBLHBESCORRE YRR GAVERRIO Hiieacrsn dubIDaTY SAECHAF f FOREPR e, by,
calogul at i ngafeh@neORANIneWa Y fhe filasth af iHARSER Libeddal ty8h SrcfaBfie, §CH out put.
sanpl e point 35 shown in FIG 25, of the target di splay arrangenment with
‘respect to bhHeay sparghrapdiibitodiosysigecad thiseaniheplatectsd hptestu fofthddo® 3. The bl ue
emtter is kndi Ii% above, by calculating the coefficients
for the tra%%nﬁ%%%g?%%%%g{uﬁ%%?%ac ‘out put sanple point of the target
di spl ay a#r Hrtlpelriaary soardhifaitse Spia teatonatilp targh copifiviracinbha@iter handl asdnpl e 7 of
FIG 4. In ca for t e Jreen col or ]i)l ne, ilggstrated in FIG 5, where
the input 24t silhlract a sooall ber to force the filter to stun to 256.

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 fo one of the surrouriding 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 37 in the three-color pixel element 39 are treated as being a single reconstruction point 33 in

the center of the three-color pixel element 39. The blue emitter 33 is already in the center.

Thus, the five emitters can be treated as though they reconstructed the RGB data format
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been sub pi xel rendered, no change need be made from the non-sub- pi xel
rendered case since the green data is still centered. 22\Mhan a@p! i cations
t hat use subpi xel rendered text are included al ong-side non- subpi xel
rendered graphi cs and photographs, it would be advantageous to detect the
subpi xel woreengiess ng and switch on the alternative spatcauseeansabi ng filter
descri bed above, but switch back to the regular, for that scaling ratio,
spatial sanpling filter for non-subpixel rendered areas, also described in
t he sbovgapidpoiftsiab thoSitCAll Bred @bIBEIRKes Wore ih R lce kS tThk‘s‘]Hﬂf&t&HQdéﬁé@t 25
subplxel rendered text |ooks |ike, what its detectable features are, and
what sethe “Netiggddede” of din armpgemenbefiswenixelender ed i mages. First, the pixels at

he ed f I be | |
color nout r aF AP bR HIRE bn B0 81 Sl R Ee B bdee Btk "C ol o1 i 1)
be neut amither Titbapixdleal dplay with z\/ﬂlffbremmsgehmnotﬂf |suli;ﬁmlb$ﬁﬁdh bﬂtﬁ@ﬁﬁ)x@fedt ext,

these two conditions.together do not happen , we, have our detector
t est fo’rmﬁgﬁﬂ'éaﬂ‘ fj"% ag@de@ne - @MEoRkin gf?’éer%ﬁlboﬂw’ét is desgalde by ppi xel

renger i e @&mﬁ%&bﬂtﬁ@mﬁﬁﬁarénﬂele@ﬁnége@@mébﬁa?glsme Qﬂﬁosteﬁe horizontal

axis, row by row, the test is one dinensional. Shown below is one such
test: llﬁrwl%Rﬁfe@;ng tHigues 1.3, 3 22554-25R311d1264hm3th0¢$ that haverbee@outli@d 2 + Gx-1 +

G + y .+ +j' Then apply
al ternati vev@ssaefv éﬁ'scfagu ath O?O%fﬁéplﬁg‘(%f %regxr%sgo%@“%%’ﬁfa%gu?g Oct ober 2005
WO 02/ 0@11@&@0&@35 WEod ihZ&G;‘nOZEIoﬁme oDt %spl&gm’mlagexﬁmwamlresfgbdt tcethe FOL t hedcasg
where t ol pred ther ' el ati opshi etween the red an
green c%ﬁ}% gmsglsffﬁr P'Ftéi‘“ﬁ?e]ﬁg ﬁgé %\/ﬁ@ be gritjeg 1streg éﬂéﬁ’éﬂ‘?ﬁteq:or bl ack and
whi {5t fbe, by aalcdz gttmougdciéﬁts%r tAGansibRE ﬁlt%tfolfe%h &ﬁp&m@ﬂ Gﬁrﬂmt o detect

col ored aswe and white text: 15 1f R and If Rx z +
Rx-1 + % eﬂamewsplaywa%gep@at withiregpect] to ﬂle@splac@blue mp@@ample(bﬂf FIGRx_| + Rx +
R+, + Rx+tayz 6 T. I nat i ve spati al
filter for sugg?sxe rthee%cfgr%flnc;épl ﬂ;us@%dm}FIG g'%e%ﬂﬂé %p&dta%.
been sub-pixel rendered, no change need be made from the non-sub-pixel rendered case

since the green data is still centered.

- 20 When applications that use subpixel rendered text are included along-side non-
subpixel rendered graphics and photographs, it would be advantageous to detect the subpixel
rendering and switch on the alternative spatial sampling filter described above, but switch
back to the regular, for that scaling ratio, spatial sampling filter for non-subpixel rendered
areas, also described in the above. To build such a detector we first must nnderstand what

25  subpixel rendered text looks like, what its detectable features are, and what sets it apart from
non-subpixel rendered images. First, the pixels at the edges of black and white subpixel
rendered fonts will not be locally color neutral: That is R # G. However, over several pixels

 the color will be neutral; That is R = G. With non-subpixel rendered images or text, these
two conditions together do not happen. Thus, we have our detector, test for local R #G and

30 R =G over several pixels.

Since subpixel rendering on an RGB stripe panel is one dimensional, along the
horizontal axis, row by row, the test is one dimensional. Shown below is one such test:
If R, #G, and
I Ry + R + R+ Ry + Ry = Gy + G + G, + Gy + Gy
| 35 Or
I R+ R+ R+ Ry 2 G+ G, + G+ G,
' Then apply alternative spatial filter for subpixel rendering input
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El se apply regular spatial filter R, and G represent the values of the
red and green conponents at the "x" pixel colum coordighgtEner PBBEE MBY be
a threshold test to deternmine if R = G close enough. The vaﬁjeé o? 20 whi ch
may be adjusted for best results. The length of terns, the span of the test
may be ad)emomdd f or best results, but will generally doahisomztinoe form

- above. FIG 27 illustrates an arrangenent of three-color pixel elenents in
an array, in three planes, for a display device according to another
embaogli ment. FI G ggg.i arrangenment of the blue emtter pixel
el enents in an arragb#l%#@@h%&)g%i[/?@% of FIG 27. FIG 29 25 illustrates the
arr angemnent Fof the hase grherertheetniitid @dorpd thede veill bare ndl tiohshippbetedendhe edend he devi ce
of FIG _27. FIG 3Q.illustrates the. grrangenent_ of the red emtter pixel
el enentﬁ@e%nﬁog?ﬂowwgﬂ}eé?@ ferGevhet s pFegstagty Foy & i St and

| ayout a8 hatSR vHiud FHond! Pieqst On RAISEAIEH RRIRYolodHRL Wil 8s bldemapanel s, one
for each red, green, and blue prinary, which conbine the inmages of each to
proj ectW§tektiscreen. The enitter arrangements and shapes match closely to
t ho 30 of FI , , and 14, which are the sanple areas for the
a'r_rgf\gerrent shc()?nlf ﬁ#é‘? 6. Thus, the graphics generation, transform
equati on. cal cul ati ondf &yd+®af aRf eRBHER, 0 aqGYseq, | 1B Gy, +IRL )t he
arrangenment of FIG -6 will also work for the three-panel arrangenment of
FIG 27. For -scaling Pt i os above approximately 2:3 and hi gher, the

subpi xel rendered 35 gesappl gk datya set, fpor,. ghe, Bepd | ¢ TM mat ri x
arrangenents of subpi xglé'éliri@é ?f{"o?le Ig‘F’fi cai(eFﬁ at” répré*égnti ng the resulting
i mge. |f an i mabkentapplyelignative spasinidilter farsebpirel tendaing snpekpect ed to  be

di spl ayed onto PenTi | eTM di and the scaling ratio is 2:3 or higher,
it ii%s 34 26 Oct 3%18?"" %@5%3863%@%’549 PCT/ US02/ 12610 5 advant ageous to
performthe resanpling before storage and/or transm ssion to save on
menory storage space and/or bandw dth. Such an image that has been

resanpl ed i 8 e Prgpresest b wlvns obthe redrandgrosn sprapRIent Aghe iPxebr ves as an
ef f ect icygin ch&3flgsS conpression algorithm The advantages of this

i nvention are bei n% able to take nost any stored image and 10 rerender it
ont o any pr akare galbea dwuésbeld dagbipidrietmiae fdhay Gradose enoplah.| Thet vabueiofivent i on has

be d i i.th referen tq.an _exenpl ary, enbodi t, i.t will be
un?ér SS@gch Eg@dnte\#g@ gted E‘Fﬁ’f’%é‘%ﬁ% tckﬂ?grﬂeaﬁlgﬁl eﬁ’tm’\%léer%p%gftg%@ﬁd%@ B%ay be made and
equi valadjnitsd fonpedd eeseltsDbiitiwtilll peerall folRiwehe firs: abber eof W t hout departing from

t he scope o ..invention. In addjtion, ny. nodi fi cati ons _nay be nade to
~adapt app ar hé g:’? ilstrates anarraneement of three-color prll}?el %:llementsm an array, mthreey

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 emiiter 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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15 material to the teachings w thout departing fromthe essential scope
thereof. Therefore, it is intended that the invention- phited to
the particul ar enbodi nent disclosed as the best node czgg%cet@n%fg%)g% for
carrying out this invention, but that the invention will include all
enbodi memtaso2oatsis ng within the scope of the appended ®CaUReR/28Mhat s
clainmed is: 35 26 Cctober 2005 WO 02/091349 PCT/ US02/ 12610 5 CLAIMS 1. A
met hod of converting a source pixel data of a first format having a

~ plurgl i idvambgebtly 16 PeGothithe Risat8}ling beR M radednd/or SArsRIsMn & sade &econd f or mat
having a plurality of three- color pixel elenents, conprising: determning
i npl i ed™&HeRy|sEOTage Spase pil/er bpadwithf Sechomimagaibeidas beeneesempladisgalipdi nt of 10
each cok i Al 4k - L xel I.: ! f ; determ ning
resanpl é?ﬂedaagst‘ﬁf'oﬁugg‘g{?ﬁger%ﬂ%@rs S%?ésgaggﬁefg%hg?ﬁ ##153% Sg&lép%%osfogy; formng a
set of dlgathmons for each said resanple area whose denom nators are a

function of said resamle area and_ whose nunerators are said function of an
area of eac ngagﬁ'g’ifr&%%? F‘@ﬂmé’ﬁﬁ‘ﬁlbémﬁla@ﬁéo os{any %%@%Pﬁil ly overl aps

sai gy r egAmIrGt RS prabBcdBid doloP kutiph@l fingerfiat.a val ue for each said inplied
sanpl e ar ea‘g%ﬁi ts respective said fraction resulting in a product; and
addi ng each ethpmyentien hasdyen drseritied watbireferengetorian sxeswplarn boleaglitient, each sai d

resanpl i ; [Y! storing said
et of FrAlERaguod 6y BRLIRR i & Bhrverol s RRTRE BTS2 °51 "9, 2

met hod aiivélenats ma§ be fubstithed farelsprehsitvgeof Withdw gejsaading femb thekcope afthe ons  of
said first .fo(r)]rrgah .n di sgla Software, 4. The _ nethod glf Claim1, further
conpr i sTHEHEY oA ditiqn, mpny mo atf%ﬂ&&{ﬂ}’h%lﬁ%?m aé%ﬁtap?ﬁﬂf rSBARROT i n di spl ay
f i 1 19var Bater?s? tothe TBENES WiB B QAbpdedintl fnd thelelehti Soop® MHRFLE | THrefdrt i 8O t he
display with said_ |um nance values. 6. The nethod of daim1, further
conpr i sitteadeditat thedgnveriion o be limiieddo (el paetisular emborireentdistlottd of thebest m 1,
further IS L L L0 ' . 41 The met hod of
G'ai m OGREEShEGaE AT b ¥ls Bk loh Yk BANGE BTt sflhePu 1T T 0T
t hr ee- canitodingntsddlling wittintie sbapeiof tretappdngedaidmeer tical |y as the display of

sal d second What is claimed is;
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format. 9. The nethod of Caim1l, wherein the display is selected fromthe
group conprising liquid crystal displays, subtractive i Sgbgy¥3006LEDs,

el ectrophoretic displays, 35 field emtter displays, discrete |ight
emtting diode displays, plasma panel displays, EL displays, projectors,
and cat h3deozais4s ube di spl ays. 36 26 October 2005 WO GRAQS©3L0

PCT/ US02/ 12610 5 10. A nethod of converting a source pixel data of a first
format for a display of a second format having a plurality of three-color
pi xe§ el enents, conprising: deterdivg i nplied sanple areas for each data
poi nt of eacf col or t!hn sai d source ixe{ datafpf said first format;

- deternining esarfpigihad FY%?H%%W Rt &t of e tastfprmab haying aplyrpldty di spl ay;
110 det epfihpeRglof PlkelRGRnA 2t di§3A 028 Rhe forRaRVEE A LARRIPY AP area of

each overlapping said inplied sanple area wth said resanple area to
obt ai n elePiXed Flements, gp@prsing:i pl yi ng sai d data values for each said inplied

sanpl e area %35 .ner. tage _qver r resulting.i.n a product; and
addi ng each %gl p%o‘%giéﬁfgdestg%l %taﬁ%aF a(‘)JFOO tog? %ﬁ? Yjﬁ]ilenégrn%a g\%tla B‘é‘gpcffor each said
r estihpl each bolar @3aid ddurcelige! drth bOshidfirsCioahan 10, further conprising storing
said set of fractions of said first format in di stgé ay hardware. 12. The

met hod of O SIS Tesampleereas shegritierof gach gglo iy the dgnlayst fractions of
said first fofREabd offrfbaYiop &ich VRl fesadfle dda whOE BRIIAMRMd ai m 10,

f
further conprising storing said set of fractions of sal fafrst format in
di spl ayfun¢tiamod sad resgmplairea anst Waete samehisisare @id fingtioh of arcaepofiesihng dri vi ng

t he display W I ) 5..The thod of C aim 10,
furtherspi%:(gl}{[l %%%}ﬁ%%sﬂ?%lﬁ i ng]‘;1 t@%ﬁﬁﬁﬁ%yﬁ%@ag%%q%agp@%asm The net hod of

C aidm 10, f unditislying saipddts valge for asvhmhitl irplgpdsahsle bidibpansspech@ @s. 17. The
met hodagf (G aim.10, wherein said data of said first format has one-half as
many s %f“f’ﬁfeé U SHPIULR PG| erent s hori zontal |y and vertically as the

di splay of sallids e£8GAMProifEBHetheBR obrin hhnaNEI NRs B Sdrabidd@mpiaher ein the

di splay is selected fromthe group
arca.

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

said first format in display firmware.

25 5. The method of Claim 1, further comprising driving the display with said
Iuminance values.
6. The method of Claim 1, further comprising storing said luminance values.
7. The method of Claim 1, forther 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 emitiing diode displays, plasma panel displays, EL
displays, projectors, and cathode ray tube displays. | |

36




conprising liquid crystal displays, subtractive displays, plasm panel

di spl ays, EL displays, OLEDs, electrophoretic displays,sfbhgbskrenhster

di spl ays, discrete light emtting diode displays, projectors, and cat hode
ray tube displays. 19. A nethod of determining inplied sanple areas for

~ each dat wopiop3490f each 35 color in a source pixel dacansbzaeiirst format
for a display of a second fornmat having a plurality of three-color pixel
el enents, conprising: 37 26 Cctober 2005 WD 02/091349 PCT/ US02/ 12610 5

det & m ni ng 18. geArBdhdéCofeemieting AfsoR6€ PixSiatal @b Rt f@RRNOP Alidplhs@e- col or

pi xel elenent of said first format to define sanpling points; defining
each sdrePnddpimagBavang-Alarabiy of thise-qolos eixel ¢lements. omprisiied equi di st ant bet ween
sai d geonet ry : i i i - pi xel el enent
and sai d - glseminli gl Sl a8 ot flon QBB 3P LOUAR G Rleel 2

nei ghbqixehdats af shid finseferma) or pi xel 10 elenent; and formng a grid of said

lines. 20. The net hod of Claim 19, wherein said grid. of said lines is
di sposed i ndate{qnmngéesaﬁalﬁag‘a#& %beﬁ%ﬁ&%ﬁaol@f ‘%é‘ileaql?i%l@@, wherein said

tiliogng patt @k@rhifing ereaéiedid k@Mpldea alrGhRPPoFRBP hes b quar es,
rectangl es, triangles, hexagons, octagons, dianonds, staggered squares,

st agger¥eriappganigiiapliedsenplgares avithshidmesample arzarip obtaintdatagelues; mshbuses,

di storted (ME?HE : J. t det erm ni ng
resanpl e ar éﬂaﬁs org %%%%ﬁ%%f’?‘%"ﬁg‘%%@ds# ]ﬁelgﬁcﬁ&j%ﬁpgerzar ?@Jaggld g%?’%%gepi xel data of
a fir stovérdapraadta rbsultivg iola ppuldagt; amff a second format having a plurality of

three- 20 colgor pixel elenments, conprjsing: determning a geonetric center
of each em P‘I{kg?g %Fﬁéaéqzﬂmg‘éﬁt@gf’tﬁ?ret@gg Pmﬁwvaﬁ’@%éﬁ‘?g;wééﬁfsfmﬂﬁg each said
resgnplaggarea by lines that are fornmed equidi stant between said geonetric

center of said emitter of one said three-color pixel elenment and said
geonetric 25 cehaeapetbed of¢3eimell, Buiher coplpyiping sfodngspid tebef forctienswéi ghbor i ng

528 et afeshateal; and (om0 2 o d of said Lines; 20 The
pattern. 12. The method of Claim 10, further comprising storing said set of fractions of
said first format in display software.
20 " 13.  The method of Claim 10, further comprising storing said set of fractions of
- said first format in display firmware.

14, The method of Claim 10, 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 iransmitiing 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,
OLED:s, 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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30 24. The nethod of daim23, wherein said tiling pattern is selected from
the group conprising squares, rectangles, triangles, hgxgg 208§t agons,
di anonds, staggered squares, staggered rectangles, staggered triangles,
Penrose tiles, rhonbuses, distorted rhonbuses, and staggered di anonds. 25.
A nmet hodvwedoomiueaing filter kernel divisors in a filtexcThsonebioto a val ue
35 designed to sinplify hardware inplenentations, conprising: calculating
areas for filter coefficients using floating point arithnetic; 38 26
Cct ober 200 5ieWanidd At RCEAIIP 34ch2RRr Beléadh SHid thr@AHor pRELkIdrhedrt €T
~coefficient by a total area of a rendering area to receive a first product;
nul ti pl 9f sai tidtiferntat fosdefipe eampding pginig; di vi sor to produce a filter sum
. conpl eting Laar Lehy: ' f oint far said filter sum
—and convertﬁﬁgbggfﬁﬁﬁgﬁﬂéléﬁﬁﬁl%qFﬁpggggﬂﬁﬁf%;g. gﬂ%@ﬂﬁﬁ}ewﬁ?]ain125,
wher ei nsaédbgadmdiricicsnter 0f$aid Bfnitte? 6f dilsaaiteiréoeblafpifdl alefemtand it t her conpri sing
using a coefficient,in said filter. kernel and adding a nunber to force said
filter BOMCEH celjeit 2uather same cQlgr saidegitteriofa paighhoging paidihsserpolos pixel r t her
conpy i SélBdedSin@g a coefficient in said filter kernel and subtracting a
~nunber to force said filter sumto equal said divisor. 29. A nethod of
oper ati ng spamiing a gragef saifdines.| t ers, conprising: 15detecting subpi xel
rendered areas; i -fi t of spatj.al. samaling .filters for said
subpi xel re%@éregﬁéggggd?ﬁcg%é%%i@ggﬁﬁa%§W§°§§%§%F?ﬁgagﬁﬁ B fender ed
areas; phtttcti ng non-subpi xel rendered areas; and 20turning on a second set

of  spati al npl | filte for said non-subpi xel rendered areas in
response tosﬁai d ’EDE@PYEH@éh%égﬂgﬁeﬁlé@dﬂ’éﬁaéﬁ%n&ﬁ@ﬁ%@dwmhe met hod of
a a PRIBki ' | j dg; jses Rx # X
 and R 5oup R Seefts LRI Kia B aDAet Blont, WCRORSGHGRR, FATHE 50 7
wher ei rSaRares; stagapeadectaiglesesizgeaed Fiaagless Persossftilegs dompusgadlisioried a pi xel
posi ti %oﬁﬁ'usg@aﬁ&)%‘ﬁ’a%%@re idﬁﬂé)ﬁds 2531. The nethod of C aim 29, wherein said

P €

det ecti'ng subpi xe ndered areas conprises R # G« and R -1 + Rx + Rx+, +
R 2 G -2+28x lAmdthodtof@eteRniningessenple Rebsfoeachldua point ofxdech doldrsn & val ue of

green, and Xx. IS i xel Jposition. in row of pixels. 32. The t hod of
& i m 20 hapatefs Lathet i A disali o 8pond dev Bertig pBlkgp T S0s R # aGx
anRx-cdlot pRel elemen, comflishg: + RX+2 = a (G, 2 + G,., + G + G+1 + G'+2),

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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30wherein Ris a value. of red, Gis a value of green, a is a constant, and
X 1s a pixel position in a row of pixels. 33. The net had odokdranns 29,
wherein said detecting subpi xel rendered areas conprises Rx ~ aG&x and Rx_,
+ Rx + Rt+, +k+t2 m a (G2 + &_1 + & + G,+,), wherein Ris a value of
red, G i ¥H2Pa13¢ of green, a is a constant, and x i sPETfSsAR6Position in a
row of pixels. 3534. A machi ne readabl e nedi um tangi bly enbodyi ng a set of

i nstructions executable by a nachine for perform ng a nmethod of converting
a solrce pi xdividobgeachefhid diltbi cosfficRat B6a Ol abeof 2062 (0E34%

PCT/ USO2/ 12610 5 format having a plurality of three-color pixel elenents
for a d rsgfl)PrQ Ui a second format having a plurality of three-color pixel

el ements, sahahiflinbodd ERMBlN: BYa dHRLEIPréiubda filiRlsi®d sanple areas in a
formof a data val ue for each data point of each color in said source

pi xel data ofompkiiag ¢ binary spasehnigifind deowndmlfrioiny forsnid fiptsuay, ek f or each

emtter of ec%ﬁ@erﬁ@sﬁirdfﬁ aﬁ%‘?ﬂgfgqjgg eII@/; 10 formng a set of fractions for

each said resanp area who om nators are a function of said resanple
aref and whaxe nabemathod sf Glaien 35 whefeitnvald dvisd2fis 256, ar ea. of each of said

“inplied sanple areas that_at, | t partially averlaps .said resanple areas;
mul ti plyi ng %ai drrg%’énﬁé’@g?@%ff’a Z'%fgﬁr %Oé?ﬂﬂlsmﬁﬁﬁlp%ﬂc%eéﬁﬁ?%maﬁa@ﬁ@y its

r espect kage1 ad AlidinkadEhab&Mo F@&dtald Mlkr biftn B RLANMAGIYi@Rd 15 adding each said
product together to obtain |um nance values for each said resanple area.

35. The deviZ8e offbomgihed A laim RS, Authecenmmrisioiz nging & oveiffiiejent i sdidddter of

fracti opy 1.d..f1 i L.spl hardware.. 36. , The device of
Claim ”?ne? EJH %gﬁrr&gﬂ oér%?"lhsltlgegéc{%fcg r‘g’i[’}ﬁ1 tglgslugytg gguagfmcf &é{]@?ﬁ' ons of 20 said
firs format29i n dimphaofopérhtivrspatia famphing fitlery, compafingl ai m 34, furt her
conprising gitorln%@%ifg set of fractions of said first format in display
firmware. 3 ?te‘f% BRACEIOTCCEm 34, further conprising driving the

di spl ay Wi t hugik@n 2 ikFbdi angRMhtiBig RISy sm%br‘%?él'réiﬁm@ﬁagaﬁhm 34, further
conprising storing said | um nance val ues. 40. e device of O aim 34,
furthlerreﬁié@ﬁ%rt%‘il‘fllaet@ﬂa&@}’@txﬂrﬁgieﬁﬁiadeaﬁhm nance val ues. 41. The device of
Cl ai m 34, i | saLd. first format has one-half as nmany said
t hr ee- col o\rl%g{e%ngﬁg& %%gl%ﬁgé;r?d?%%aghﬁdy and vertically as the display of

sai 4 second.turning on a second set of spatial sampling filters for said non-subpixel rendered

areas in response to said detecting non-subpixel rendered areas.

30.  The method of Claim 29, wherein said detecting subpixel rendered areas
comprises R, # 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 subpizel 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, ais a constant, and x is a pixel position in
arow of pixels.

33.  The method of Claim 29, wherein said detecting subpixel rendered areas
comprises R, #aG, and R, +R, + R, +R, =2 (G, + G, + G, + G,,), wh;srein Risa
value of red, G is a value of green, & is a constant, and X is a pixel position in a row of pixels.

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

executable by a machine for performing a method of converting a source pixel data of a first

39




30 format. 42. The device of Claim34, wherein the display is selected from
the group conprising liquid crystal displays, subtractig@cgbspboays, OLEDs,
el ectrophoretic displays, field emtter displays, discrete light emtting

- di ode displays, plasnma panel displays, EL displays, projectors, and

cat hode ™8 0¥W9bd9 di spl ays. 35 40 PCT/US02/12610

5  format having a plurality of three-color pixel elements for a display of a second format
having a plurality of three-color pixel elements, said method comprising:

determining implied sample areas in a form of a data value for each data point of
each color in said source pixel data of said first format;

determining resample areas for each emiiter of each color in the display;

10 forming a set of fractions for each said resample area whose denominators are a
function of said resample area and whose numerators are said function of an area of each of
said implied sample areas that at least partially overlaps said resample areas;

multiplying said data value for each said implied sample area by its respective said
fraction resulting in a product; and

15 adding each said product together to obtain luminance values for each said resample
area.

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

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

20 said first format in display software. |

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

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

_ Inminance 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 vcﬁcaﬂy 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 emitier displays, discrete light emitting diode displays, plasma panel displays, EL
displays, projectors, and cathode ray tube displays.
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