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BACKGROUND
20 The present application relates to the conversion of graphics data formats from one
form to another, and specifically to the conversion of (red-green-blue) RGB graphics to
improved color pixel arrangements used in displays.
The present state of the art of color single plane imaging matrix, for flat panel
displays, vse the RGB color triad or a single color in a vertical stripe as shown in prior art
25  FIG.1. The system takes advantage of the Von Bezold color blending effect (explained
further herein) 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
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resent state of the art of color single plane imaging matrix, for flat
B anel ca]?ed cones. fThe eree types are sensit?ve to dift%rcnt vr&)rave lengths of light: long, medium, ‘

and short (*red”, “green”, and “ blue”, respectively). The relative density of the three
25  wavelengths differs significantly from one another. There are slightly more red receptors
- than green receptors. There are very few blue receptors compared to red or green receptors.
In addition to the color receptors, there are relative wavelength insensitive receptors called
rods that contribute to monochrome night vision.
The human vision system processes the information detected by the eye in several
30  perceptual channels: luminance, chromanance, and motion. Motion is only important for
flicker threshold to the imaging system designer. The 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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di spl ays, use the RGB color triad or a single color in a vertical stripe as
shown in prior art 25 FIG 1. The systemtakes advant ageo@bhd-heoyon Bezol d
col or blending effect (explained further herein) by separating the three
colors and pl aci ng equal spatial frequency weight on each color. However,
t hese paﬁgﬂgmﬁwﬁ’a poor match to human vision. G aphi ®CTARBR2FRg t echni ques
have been devel oped to inprove the inage quality of prior art panels.
Benzschawel, et al. in U S Patent No. 5,341, 153 teach how to reduce an 30
i mag® ofnoticebde Yethe giostpertopiivetvieweer,dhailallaws crpenisients khXeox dud M4SABei i zschawel

et al. i ve i e. qualit i n t ni gue now known
'n the ATES Retath boyen G MAR L tine TR Dldaturly (Fhfor Sl 818 "5
Pat ent Sountfn BBRcEHDibHaGNSIODIgES 1DIR) hoxalemendragdal ity by reducing a
virtual image of text, .one character at a tinme, using the very sane

sub- pi xel  redlefarercsppands wilpensed by propess eallsd caspimilgtionyrar teNonBeaeldquat e
attenti , I: Sd : i al:t ' 3 ucti on of
he 1 e Rl R KOl AR @R izl (oot o o " g

COct ther a gigpiby ibeprceifddBasshdaikelsddy. IGIlendingrieddapprantvenddivkn used i n

sanmplin [ ,gener.ati nd then storing.the image for these displays is
t he RGB’Q‘EUE%F&EJW 1 hﬁcré)%ldcoglvbew ‘pT K EPe Sf%ﬁ&ﬂﬂ%v?elyisfﬁr%ﬁilﬁfe‘f‘??@% ' green, and
bl ue vable@EngliBpad ofét a@idb gaslefor BE Ban IRAtd & gréRs Thistdisedhcdisi d and are
co-incident. One of the consequences of using this inmage format is that it
is a poProRinaey BgShior Bluewhiledyr red prgyecn it is approxipgtely QR pdiariewiig h its
spaced , s GOLAC InGRR Hi-R1 ; ision. This
effecti@%&rogsu tegﬂf%hﬁgroge%u%lu é‘%tgé ?(E)rrnﬂ léz'tt7§&,§0?ﬁp gPltﬁg't ':f‘iéﬁnﬁ?ﬁh%?) Illaé i mage.

Mar 13 nesublgiiedpitch,is less than halfi(62F B ofBds Blakdiddopitch, 1BO&IA6 vibbendPelikous, et al . in
uU. S E%ent .No. 5,541,653 teach a technique to convert and store inmages
from RGPS G to a format that is very much like that taught by
Bayer in U SubBaleerhddNe, i iff fubsQfRplsQE intlGRn@ition | dpbiafik b h&iAY b Qip-1 MaYI Ng
devices for canmeras. The advantage of the Martinez-Uriegas, et at 15 format
i s t hatDikels opprosiaptaly epabnighessmitrlsneeceivad by thedurhinguse shangelnPdment  dat a

wth siji L i 4 I.es I.Sl ver, a
Firot " diioys e SEBhR10 ST sibitd RONCREMRRL ARy WRR L, Chsdilflo JYEYST 2
god nethe borilBnedpnbpixels ak parodior ‘trde’ gyivteh yB poshey sib-phei rentidring, the g,
Martinez-U.iegas, et al. .also lEleach how to convert the imge back into RGB
pi xel f% & M&Wérfeg?%%@gﬁ B8 Yf the Martinez-Uriegas, et al. format

i's that one Ifthe tdler oftheliBlagyd wo@NPBYIRNGE, theh ehdl sab HBEEmbNRrveRda | S NOt
regul arly sanpled. There are m ssing sanples in the array, reducing the

accur adjoush i HE° ¢ BEBRETIRRRINGrragh c e Haveye, 3srotoréi apringleays Ful | col or
perCeptﬂ:@ﬂn&ﬁ(aﬁ&%?%ﬁgvdoﬁldtoﬁgu&yaecomfdfsPlﬁ?ﬁ,'iﬁé}l&flqrﬁa%ﬁﬁ&:tdi’ra pehve cell types
cal |l ed cones. The three types are sensitive to different ve | engths of
| g%t . nn@g@,s ippagfianirat each location. Thus, the sub-pixel rendering algorithm rust 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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and short ("red", "green", and " blue", respectively). The relative density
of -the three 25 wavel engths differs significantly fromgreigdebhbey. There
are slightly nore red receptors than green receptors. There are very few
bl ue receptors conpared to red or green receptors. |In addition to the

. color receptors, there are relative wavel ength insensitive receptors called
rods that contribute to nonochrone night vision. The human vision system

processes .the informati.on detect by the e {n several 3 er cept ual
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enhancenent. Since the 1um nance channel uses and énhances every red 35 and
green rtespnonumbdes fsased inmonulppixehrendemd imaeese TohMAewhick isshyer al ti nes
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t he bl upixelesmdedbg Ghubythonavatioaa RGBS btrhipdaibbsixe layrazkeRBntOad shben 12005 WO
02/0913§§§PCI/U802/%i?10 5 noti%fable by the nost perceptive viewer, if at
al |, asFekpelinnerimal forgul-pielppiefA&A ~ Ames Research Center (R Martin, J.
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Di splays, SID Digest 1993) have denonstrated. Col or perception is
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bl endi . . ISl I i -.SHb- pi xel s
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bl endi ngpdgiriaticeblbegpemsittenasmngengntsen angul ar di stance in the field of view
Because of the relatively scarce blue receptors, this blending happens
over a greater angle for blue than for red or green. This distance is
approximately 0.25 for blue, whi SeMMARYed or green it is approximately
0.12. At a viewn di stance of twelve inches, 0.25 subtends 50 nmls (1,270
[t) on a dis %@W kisanddisadyaataggs od therprigy it JF Qeqreqang ophs convargienohan hal f

(625 ) REBIME NGk S PRhTETY nldif &BL Rk aithdrfdl €Nd Wi thout | oss of
picture quality. Sub-pixel rendering, inits nost sinplistic

i npl ement at i wreccagacaith afiystastentpiithreprstsht ingentiensthers isppyidsd aat el y equal
bri ght %?tﬁo?bf(c%ln%rﬂﬁég ?du\fcﬁe%ipe\( i 6e d HIT RARG a%ﬂlgggy%alir} Bﬁree@&)'lo‘}""s the
sub-pi xel[s t0 serve as sa ed I mage reconstruction pornts as opposed to
usi ng 2fix¢l rEncotstiomnedisidagbefj scalnd fasnap havtingd plaralityrafehrepiolet pix8y usi ng

o X e WOEERBL ol SRl R SR 08, e, Eoee
may Serdaga ptfintdf each color in said source pixel data of said first format; determining resample

areas for each emitter of each color.in the display; forming a set of fractions for each said

resample area whose denominators are a function of said resample area and whose

numerators are said function of an area of each of said implied sample areas that at least

partially overlaps said resample areas; multiplying said data value for each said implied

sample area by its respective said fraction resulting in a product ; and adding each said

product together to obtain luminance values for 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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t hough it were a nonochronme pixel, each equal. However, as color is nearly
al ways inportant (and why el se woul d one use a col or dgsReherreood hen col or
balance of a given 25 imge is inportant at each |ocation. Thus, the

sub- pi xel rendering algorithmmmust maintain color bal ance by ensuring that
hi gh spatial frequency information in the |um nance conponent of the inmage
to be rendered does not alias with the col or sub- pi xel s to introduce color

errors. _The oache ta cha et .al t ent No.
5 501" 1854 ARRAIARAGR 17 Soihh VARG oy il sl Sugioes B 0T 1 (o
common  andhi saﬂllmpﬁd:cr@mtp&cdm Wyueidtpeadent3Qe cueilhp 8a fasﬂﬁh@ﬁmbrd@ﬁzt madion filters
to each par at e .col or onent of a  higher resol uti vi rtual i mge.
Thi o ondQBE 4eh 510 PRSustSOHeHIEH BV IR MO Ak 50 TRl PP oach
col or - channgl acchiiahddidld AHOGIFRALTHle frilenShmBbk Bk WBf&i@Rl mal f or
~ sub-pixel rendering, sub-pixel  rendering woul d provide an increase in both
spati al nmdﬁéqgmlmnglmmleﬂ@mplepwa%@r erdhsletageint oB&ch golpbiand sguicen Tr ansf er
- Functio i €1h I am ni ng
t he contn?en{\@-on%tf{L w&ad&{p gag%‘?@%Xcoﬁﬁf%nﬁéﬁa@&gg%lﬁ%t? O?Eeiﬁ erot%r%g wil |
~only bepzxppélemaind eommsﬁﬂmdﬁammgaghomemsceﬂdmf bdch emsitdn oﬁeachlsatds not
percei v the man 2005 m na chan i s, therefore,
ot ot { BReTSen el B R i BRAGTPAGS Qe PR FLBnE R BFeen pi xol o
are Useirﬂ;bheld@alﬁ#lb"afbhﬁ?ﬂméﬁﬂﬁ%fd t@&nedétfﬂlcﬁitérﬁﬁétw\é@l daRCgeRaRBic RBnledsl essabi l ity
woul d be two fold, in the horizontal axis. Vertical Iack and white |ines
must haad emiter ofpne geitiameolarmghelegieat qnd said geradiria Rty 0EatPthEr each bl ack
or whit SAGH s n
on pub s o s AR of @HkigiBokity g HOS AR UREN &% bintip il
si mul tan%ﬂauislllqesm splay a given nunber of lines and spaces, is not enhanced
by sub- pixel renderin Thu nvent i ona b- pi xel
arrangenent, irlas sﬁance“gthatﬂ‘l’@asfe&og&legfesemmven?mfoerels Oﬁt‘%‘g? renderi ng.
The pri akthad bf@awrm’ngﬁgrfe@dmpleﬁrehshﬂoeeach@hmmom Kﬂacﬁbﬁﬁﬁﬂh&oﬁtépﬁthlom to be

bot h h to hu dto. th , d tech f
aub- i X P et Prige: Tor AWISEe s THEQIPTEH haitEe § REGHOT oS e SRR Gonver si on
met hodseafentd cBRX 9ﬁmﬂ@tdetanﬁﬁmg@tgarom% ReMbiSdfRRch e't‘xﬂderﬂff%&éﬂ saRlthRecol or

emtter arrangenents he drawbacks and di sadvant ages of the prior
art ar ecQoiarixc glemsyt; defmingreole paid msarple REBbp fines thit grigrmebegndisentenTi | e TM

S matrix gUBLo X6 egf?ﬂ?%c Qe BB saili %n@%eg%fs’:?e'k%ﬁhtm&&*&?ﬁr %ﬁét%ﬁaxﬁe%?%ﬁ}saﬂf the

pr esent ivent | on ere Is provided a nethod o nverting a source pixel
data of g@lﬂemmentet)offmbthhmamgoh»r paid emitiet yf oficighbosrz said three-qulorgixekb| enent s
~for a di 58% ff a. secon(?{ t having a plurality of three-color pixel

el ement%l ¢ rﬁﬂ% gﬁ“ﬁﬁg gt &r it 11’?(3[ inplied sanple areas in a faormof a data
val ue for eaBluiccsldime pathatifdfaseRebf tiopREent hveiRicl, thenicpopidéel data of said

first format; deterrtrl ni.ng resanpl e
method of limiting filter kernel divisors 1n 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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areas for each emtter of each color in the display; formng a set of
fractions for each said resanple area whose denom nat @ DasKraohuncti on of
sai d resanpl e area and whose nunerators are said function of an area of
each of said inplied sanple areas that at |least partially overlaps said
resanple areas; nultiplying said data value for each said inplied sanple
area by its respective said fraction resulting in a product ; and addi ng

each said product, together to obtain_.lum nance val yes for h said
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formed equi di stant between said geonetric center of said emtter of one
said three-col or pixel elenment and said geonetric center of another sane

color said emtter of BRIFBEDERURIPIONSGF THEHDREWINGS pi xel el enment; and
formng a grid of said |ines. In accordance with a fourth aspect of the

present i nveRefegig IIOWéP@qfﬁuberSo‘Uh‘H@H like elgments reppmbasied pbkeni ng resanpl e
areas for eagfy; dahar-Rol zrg;n&fanqa@ tﬁﬁé %m%anan%pﬂ%&ecomrwd clddbas of a first
format for a display of a second ormat having a plurality of three-col or
pi xel et amayne single phpe.ifei ndjsplaiedayiasi ni ng a geonmetric center of each emtter
of each said r 1! . | e area
by lines thaffé;rzgﬁ‘fsgg%ﬁweeﬁlﬁ%% es@ ﬁ{)@ﬂ%nqe%és spglgg%gglgsnféﬁhlgghgin er of said
eMtterRﬁiqu&:mngbﬂdmdﬁlIGolor pi xel elenent and said geonetric center of

anot her sane r mtt a nej ghbor i sai d three-col or pixel
el enent ; AnGTREY e %9 JFtate flegtiege i dive R M

~ aspect aélmtﬂ]ﬁlew@fe@%phﬂg\mtgﬂiﬂxhetﬂmmﬂ{ssﬂomyd ARdgdnentefiod 10f 11 mting
filter kernel divisors in a filter kernel to a value designed to sinplify

har dwar e i npF¥émEallugmisnan arvagpmens ohtreccal s pixgt Flpmers B gy, IR t er
coeffi CHEAL PlaHS It 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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floating point arithmetic; dividing each said filter coefficient by a total
area of a rendering area to receive a first product; mglodt¢Hey0gs sai d
first product by a divisor to produce a filter sum conpleting a binary
search to find a round off point for said filter sum and converting said
filter sumto integers In accordance with a sixth aspect of the present
‘invention, there is provided a nethod of operating spatial sanpling

filters, co 1,51 : ecting subpi xel r.ender,ed areas; turni on a first
Lot of Sspar i TR ARthq G e SRV Sop S S s wet P e T
I eSPONSged 41d bt doMEpIRAdSI RGNS lbRio¥Btnts UG EIGiSA6 @ad10;det ecti ng non- subpi xel

rendered areas; and turning on a second set of spatial sanpling filters
for said nonF¥dsiiliesraies Aparapiarapls ppts and &saiediect Vs samplg apras K5 aj ng

non-sub @*ﬁé@% iR U625k R WhichGhd Tl QP& AAPhue ANRE HRIAAACGuAbTHa2 Seventh
aspect the present invention, there 1s provided a nmachine readabl e

medi um tesalytibh gridadsodyineidend; set of instructi ons executable by a machine
for perform ng a nethod of converting a source pixel data of a first fornat
having a plurality of three-color pixel elenents for a display of a second
format having a plurality of three-color pixel elenents, said nethod
conprising: determning inplied sanple areas in a formof a data value for
each data point of each color in said source pixel data of said first
format; determ ning resanple areas for each emtter of each color in the
display; formng a s et of fractions for each said resanpl e area whose
denom nators are a function of said resanple area and whose nunerators are
said function of an area of each of said inplied sanple areas that at

| east partially overlaps said resanple areas; nultiplying said data val ue
for each said inplied sanple area by its respective said fraction resulting
in a product; and adding each said product together to obtain | um nance
val ues for each said resanple area. BRI EF DESCRI PTI ON OF THE DRAW NGS
Referring nowto the figures, wherein |like elenents are nunbered alike:

FIG | illustrates a prior art RGB stripe arrangenent of three-color pixel
elenents in an array, a single plane, for a display device; FIG 2
illustrates the effective sub-pixel rendering sanpling points for the prior
art RGB stripe arrangenent of FIG 1; FIGS. 3, 4, and 5 illustrate the
effective sub-pixel rendering sanpling area for each color plane of the
sanpling points for the prior art 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- pi xel rendering sanpling points for the arrangenents of FIGS. 6 and
27, FIGS. 8 and 9 illustrate alternative effective sub-pixel rendering

sanpl i ng areas for

5b




the blue color plane sanpling points for the arrangenents of FIGS. 6 and
27, FIG 10 illustrates another arrangenent of three-calgahciietehoe! enents
inan array, in a single plane, for a display device; FIG | | illustrates
the effective sub-pixel rendering sanpling points for the arrangenent of
FIG 10; Y¥Qe/09%839 | | | ustrates the effective sub-pixel PEREEI¥RBEOsanpling
areas for the blue color plane sanpling points for the arrangenent of FIG
-~ 10; 26 October 2005 FIGS 13 and 14 illustrate the effective sub-pixel
“rend&ring sdfpl lﬁﬂuﬁmﬁﬁm&ybﬁmpb@dim pgneanFKbllﬁovqalaalmGSha‘mb— t he

arrangenent s 1 ay of sanple
poi nts BR rqﬁigﬁegga&[fqgg?lp@é;fggﬁgﬁéngp@g CEP Pﬁf,\? ﬁéeﬁ data f or mat ,
i n whi chanichgatiab@sol@ic@aRid 288 So-Blciden: vWalhiRsSrea b gae@fféh&ﬂt%omﬂpa&a

resolution grid and co-incident; 5b 26 COctober 2005 WO 02/ 091 49

PCT/ USOB¥G 2610 5 FIG 16 |Ilustrates the array of sanple points of prior
art FIG 15 el R uldfra? UPbamBletBlod OGRS feamh[ﬁplegﬂegé Gpftbe 1 5 L

in which the sanple points o are on same* spa Tesol ution
gr i 80 anait Ele* il Hovedipivtonvthé bing bcéon;@ﬂeaamp}mgamas beFIGCKBIin hhlahiﬁl ¢ sanplay of FIG

11; FIG | 1 us the array of. sanple points and their effective
sanpl e %%]‘ag% fﬁ&ﬁ:g(lt’ el% 'ﬁ af'@f]i?% t}oallgaldc?ﬁgf‘h@c’élf’ﬁwm%r pl ane
sanpl i nﬂd@ﬁ@g&wfch&k@bo&ﬁ”airﬁy&wml’ut he sanple points of prior art FIG 15
are on the sane atial resolution grid and co-incident wwth the red and

green " chec ¢ Bolpsrates theagray, pf sample points apg theivedfectivegample aeas afpeiomr r ay of

I G 15
over| ai AEE B3 SRS the B4 6!k <BATRICSr GRS Wiy 48NS D 01 e
sanpi e pdliBs efgiriot art BIG. Flﬁlam‘onethdi safek Gpatidbresuhdion ritihed saimeidap atithahe r esol uti on

grid and co mcud ,,the nd green "checker board" array of FIG
11; FIC8 %ﬁ?d %E:?r ftFﬁg ljrray of sanple points and their

effective s@m d49aneas mwefrat@ﬂnb arrayadftsmﬁﬂ@po&é a8 SHelr FECHRB sdulpffe Sbade col or
pl ane sarrpl ing areas of FIGS. 8 and 9, whi ch the sanpl e points of prior

art FI @tpasr G 4> PYFéIa@a%h%lﬂatthéﬂrP}aé%mHlmsﬁregwfcﬂﬁﬁoﬁ 26 921 i nci dent with
the red,RafkhOELGe Hﬁfﬁﬁl‘ﬁ‘ﬁorlﬁﬁﬁ@ 158fd @ihfanfe's Jres&h&n@ah&l:é’s'[ rates an

array of sanple points and their ectlve Sahol e AT eas a prior art
pi x&l da@léerrt‘mthﬂleremanﬂﬂr@h“tlteekarbchrd”gar@ezrmfm& bl ue vaI ues are on an equal

D 1 o TR A AR b P gl Bt oo o
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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25 art FIG 21 overlaid on the red color plane sanpling areas of FIG 13,
in which the sanple points of FIG 21 are not on the 3gw.spRabod
resolution grid and co-incident with the red and green "checker board"
~array of FIG 11; FIG 23 illustrates the array of sanple points and their
ef fecti vavaewmplse? areas of prior art FIG 21 overl ai dpowuséa2é1bue col or
plane sampling 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

Wi thsthe 1 efiangiRERaa ﬂlé’éfﬁﬁﬂfweersaﬁpl@%as @frtﬁ@Mué)éol&fp@ne%itHd: kG 24
illustrates the array of sanple ts and their effective sanple areas of
prior avetrlaﬁ@ﬂl@mue)mrlpﬁndsmplma@rebmféﬂ&o?ﬁ or plane sanpling areas of FIG

8, in which nts of art 1 are.not on.the sane
spati al reso%@‘f%%q%daﬁ%bc 810 &tthr %Ortpﬁglgl%eqtﬁﬂlaﬁﬁﬂ%ﬂ%en "checker
~board" ei¢epansls, forl {Qisplay delice; 25 illustrates the effective sanple area of

the red color plane of FIG 3 overlaid on the red col or plane sanpling
areas of FI G1GB328, 89,284 2R {liymiente the guangements ofshabive. grernusd HePBHTS 5 FI G 26

il I s of the blue color plane of FIG 5
overl ai %Ega%h%%ﬁlﬁ%egltggﬂg?ﬁp ar?gFg%‘r%& ing areas of FIG 8; FIG 27
illustrates Hﬁ:‘oﬁhél:ustautqsahegmmmanqﬂe artangfananbm&)rofﬂﬁeﬂl cedeﬂa:@nm wpiofi an array,
in threge. els, for d e; O.illustrate the
o angelBtat Sre et AP lc” B n Tisatoie Sikn B seRRS o wenay ot e
panel fm@uﬁﬁmealm\em&w@faﬂéaﬁda?.greexfb@ut%&bplkélyﬁrésat es the output sanple
arrangenent 200 of FIG overlaid on top of the input sanple

arr angenent H§- &ﬂmttat65951qgkr@mt@géezaﬁcoe%%n%@ﬁxﬁ% Gade ratio i s one
' ”pl M%EtJQPen%QRa%ﬂ?SO@%bO@F\?l%%g&fﬁ&nsw RuE. sub pixels across; FIG

tes a single repeat ce converting a 640x480 VGA for mat
15 i mage to HGP@hﬂlmtatasrﬂterdymwwm 186 Cocdlidentsaif althree colamnpixd) elemantsub pi xel s;
FIG 33 r.at es thﬁ s%mn%%iry'i n the coefficients of a three-color pi xel
el errentca\sﬁw eregé?&pe\% & 8P K% epeat cell size is odd; FIG 34 illustrates
an exanpl e GfiGa34ilagrawt an exdniide sfefast wied the fipZe ctlbsigvieBvenf| G 35
illustrates sub-pixel 218 from FI G 33 bounded by a yendering area 246 that

20 over | aps &Px3 “%Wsé%h%‘%}r?aﬁ#@mﬂﬁﬁj‘iﬂ“&%ﬂdbé’éﬁﬁ}dé“%@s% At 1 FIG 36
P st r §feRis Ssgﬁpomhe(ﬁhog,ﬁngf am?ﬁ,a\péagmg ts rendering area 250

overl apping five sanple ar ea 37 il'lustrates sub-pixel 234 from
FIG 33 vmthFIGt%ﬁtﬂl@si@@ﬁﬁwzmléawswﬂav@rw@p@rﬁgde@meem eas 256:

overlapping five sample areas 252;
FIG. 37 illustrates sub-pixel 234 from FIG. 33 with its rendering area 254

overlapping sample areas 256;
25 FIG. 38 illustrates sub-pixel 228 from FIG. 33 with its rendering area 258
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.




25 FIG 38 illustrates sub-pixel 228 fromFIG 33 with its rendering area
258 overl appi ng sanple areas 260; FIG 39 illustrates gubtihrebhp36 from
FIG 33 with its rendering area 262 overl appi ng sanple areas 264; FIG 40
illustrates the square sanpling areas used for generating blue filter
kernel s; wanzaed4d1 G 41 illustrates the hexagonal sanpcimgoanaas 123 of
FIG 8 in relationship to the square sanpling areas 276. DETAI LED
- DESCRI-PTION 35 Those of ordinary skill in the art will realize that the
.follpwi ng d | b . LW, | S, | ) e, only and
not 11t any %ﬁeﬁ%‘?ﬁl‘fﬁ%ﬁ@“&%@éﬁ% pd W R85 B, i]lrkl‘ég%fg?g'l‘nak%ém Il readily
suggeststarbewsedreatsd vith setknewn Hite doperments Thy st@6d idedge berbe2@@sredD 02/ 091349

PCT/ US02/ 12610 5. A.real world | e.i s captured stored.in a nenory

devi ce MR Rrlay A6vidsiing &R eyl af BBRrbe S frsPbiroRhotilatiar s

ar r angermniray @niprisddest aipidey ﬁ&ﬂre@@olbﬁ?iﬂélfeﬁﬁ’neﬁ@%@viﬁ’g AR sedevi ce using
an array that provides an inproved resolution of color displays. The array

i s conpiERrdoibpixshyp dicmjttenang B ecen ewitist, wiicheyhep ilbwrinatesd cambiend at | east a
bl ug e[f;uegéraﬂgg{erg&p%% ghl):&%ahlyged emtter, and a green emtter, which
: he .

. when illTumnated can ble O create all other colors to the human eye.
To det er m nd@otdetermumk thesvafuey foeeach emitiet tiast, oné musitcreatedrandfetm @uatidos t r ansf orm

ti that, t ake.the f f_filter, kernels.. The filter, kernel
Ganor a8y Wb i At Gerorls Rl kB AEEo i B BGRIBAE e or i o nal
dat a setlaGameLoRflgRDT 8O thedrighibl dhitPRt Sivnpiedds@nd @fg@@c_ﬁsplaﬂ&fsﬁmP@t i o of

overlap determ nes the coefficient values to be used in the Tilter kernel
15 ar r #eas-T8he iaHe ef oveHap daigmings thewgellisigntyatuastode gpaday the dltpideme] he
recgnstpyction points are determned in each three-color pixel element.
The center of each reconstruction point wll also be the source of sanple
poi nt s used Teeendectha stored cihagelvetoshodisplay devipe, thStenddsamdtipn poihies aresanpl e poi nts

of the j e data set is,determ ned. Each reconstruction point.is |ocated
ot t no dsTEAd Brede BlopesdionPrelaRaiet e coftel GRadbtraci B i eni t tor) I n
pl aci n@isbibe theoarts bf thdplcPdintPRbdicetdhsinie e SrRielimade. SNAilAR thker, a grid of
boundary lines is formed_ equidistant fromthe centers of the

r econstFHREPERISS i igasedaatet i osamprd Rackesonstractipnpeint is frsaedaiihe poi nt s
ar gpat ced B reRrRitdes (¢l Cin Mo cgntﬁltﬁaerbf?fgii?%g?% 5&@gttﬁ§meo&strﬁdlﬁe pattern. The

shapes that can be utifized 1In g pattern can include, but is not
| i m t egpoinds, in shprgniesof theeitiergh gid of houadeyy bees ivlrebequidistant fown thgons,

i MOy, L ARE BB S s, S AU F5L ARURER meShAGRSHRA &¢ hang! es,

the center). The grid that is formed creates a tiling patiern. The shapes that can be utilized

in the tiling pattern can include, but is not limited to, squares, rectangles, triangles,

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




staggered di anonds, Penrose tiles, rhonbuses, distorted rhonbuses, and the
| i ke, and conbinations conprising at |east one of thekasea:ngoshapes.
The sanpl e points and sanple areas for both the i mage data and the target
di spl ay havi ng been determ ned, the two are overlaid. The overlay creates
sub- ar eawowhierigisn the .30 out put sanple areas overl apcses@riadioi nput sanpl e
areas. The area ratios of input to output is determ ned by either

i nspection or calculation and stored as coefficients in filter kernels, the
val of whi | Slusisgd | | _Bo1 QYR to

detcLaB_re i ne thfgbblr%lger apflob i BB dri Bl g%{@f\}“\%g%\%uffic%lgﬂéﬁtéjﬁhi gh

scal i ngaw atay o dingle e, for hdisplap devied and priomageiien ilinsttatessthelefféctive suB5 net hod

di scl osed ,her.ei.n provi des .bett.er Jinma ual it nmeasur i.nj.nformation
Gl eo B KR P MG 0F B PrioN M O ROHR A EE P T PR on (MIF)
t han pri@s. a4, andh sipdtAkShe SfedBvéRnibqhel red@ng $nPZbG9dI4Oeati{ dd1dsS02/ 12610 5

FIG 1 illustrates a prior art RGBstrlg_e arrangenent of three-col or pixel

el enentRagepf thesangpling poings for thg PEoATHREB stripe agangenisntof Fifai FEGRAD prior art

FI Gg 2 Jhidis neffective sub- pixel rendering sanpling points for
the'pri‘gr aﬁ&%@fg{'@]&pe&%ﬂangemnt of FIG 1. Prior art FIGS 3, 4, and

5 i || ust r at FlGHeilleftiags an veangeipemi2Ref savenabithreervglos pinxpl dlexgenisrae@rding each col or

| pl ane of the | i ints for the [.or art RGAB stripe arrangenent of
B & Mo ehtmcent ) Bhoifter oiior el cfRbubt i erenf dBResR AR ot at es

an arr aggansih X ebrdfkasyabnidnd eGrgsfbos blpé stiteL) B iRited cagaydi Ng to one

enbodi nent. The three-col or pixel elenment 21 is square-shaped and di sposed

at t he andtvepigeyymifers R6. Vhekine emitat 22 is gispasd efithe eenioprviedicdlyelonedlee enitt er
22,14t ' ¢ ; ] %!%6 /I itter 22 is
di slgo\é\?é Eugtg ’ 0? gtcégﬁtagr%?ys\%@?gggl lhylgg)l ong fhégbﬁ’» é%dsi{a&é]ﬁdtdﬁgﬁg‘ oordi nate
syst emBretrethetitiers R dispesefiin 8 second anidpurtthguadranmubt bompiedby imadr ants.  The
red emgtters 24, are disposed. in t.he secgnd. and, fourth adrants, not

bccupt AR T8 Bt RAGRGS S Aot AR an oL P s B ooea ™ h ¢ he
first amcndiddHydhambiacsmaints The®ine eﬁﬁmmzmemcfm@smlﬁ@; hevihi éi@ss. The bl ue
emtter 22 is rectangul ar-shaped, havi ng sides aligned,al ong the X and Y

axes of?ligpRd along the 36 andeY ayesiol the copdinaRsYBIBor ey PR s Pd 2% 20 and

gren ZBd eRkh bOERins GredRAGLHY {hai a8 Shaped. The array is repeated across
a panel to conplete a device with a desired matrix resolution. The

repeati ng t Abearayds wpegkidasioseh pamshtogompletn sdevich ddthardegitedmitrizof  al t er nat i ng

or oss "PRUECEL €Reall BRIl BB S R o MR CY O 6

em t t ered 24cuegyeco 26 emiteed witinblog erhittear 22 distributed evenly across the device, but

at half the resolution of the red 24 and green 26 emitters. Every other column of blue
25  emitters is staggered, or shifted by half of its length, as represented by emitter 28. To
accommodate this and because of edge effects, some of the blue emitters are half-sized blue
| emitters 28 at the edges.
FIG. 7 illustrates an 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,

9




25 emtters is staggered, or shifted by half of its length, as represented
by emtter 28. To accommodate this and because of edgegebhsicd sgosone of
the blue emtters are half sized blue emtters 28 at the edges. FIG
illustrates an arrangenent 29 of the effective sub-pixel rendering sanpling
poi nts f WO @2Metsgh r angenents of FIGS.. 6 and 27, whil e PCGHSoBi2¢émed 9
illustrate arrangenents 30 30, 31 of alternative effective sub-pixe
rendering sanpling areas 123, 124 for the blue col or plane sanpling points

23 f3r énﬁe'oﬁﬁrcpta@temebﬁﬁem Yhkeb&8inake sﬁﬂéinZK pairbf3%d emittells 34adiiéidigpdébd| be
di scussed further hera FIG 10 illustrates an alternative illustrative
enbodi niBFPPYSIREANadiagts ﬁewgﬁecoséw@fthe foyrth quadsanty. a9 A Ppir of grenfmitiyy  The

three- o £& dpased in %ﬁé@g&ﬂaﬁe 3 8leS fan@m@kﬁﬁ%c@%faﬁ@roccﬁ gtWo red

emtters 34, and t emtiers 3 in a square three: col or pi xel
- el errentpoagms@fglqaaampe@upm@lby the bbeaitted 32t As Stowarin G 16fthabluX, Y

di nat. t T tt .32 d at.the f th
Cquar o etk iR Al oS it sl of i 1 SeBt e Eebipib005 vo
02/199 1 34 &ei Hnld dapdsiinl fhird opred 34 abld frbertBrRGiARS Sre @EndidlR stfuard sHip&y, di nat e

system A pair of red emtters 34 are disposed in opposing quadrants
(i . hapis dupenind iBwadyiecmacomers QuBige sdges paraléﬁ%av the pidesof de Blgeeen enmitters
36 areeghﬁa.q;@ed i n opposing quadrants (i.e., the first and the third
quadrants), occupying the portions of the quadrants not occupied by the
bl ue emit t efThg Zrays rephatedhackass Epi@el Eomphie dileviee withiatdegred3@tis di amond

shaped, gorner.s | i gned at. t.he X, an axges t he caaqr,di ate 10
oy o emrebiicpTREIREH By ArectBid pfbls it 4 Adkker ok B Sleriai 8 Ay

gener al greensawaﬁmmﬁmde emikei3D distitutdak ety adiovs (il dévice Guhg hamp fHaer s form ng
edges par el to the sides of the blue emtter 32. The array is repeated

across ¢ EIO f thg W@g@"% Qrepitters: Red pmiferdds rudPAhailibg dispusssdl ution. The

r epeat igpghe RESR: col or pixels forma "checker board" of alternating red 34
and 15 green 36 emtters with blue emtters 32 distributed evenly across
t he devi ce, Qsmadwta%fbffthq theeercelop pinel edgment arrdyds mre@tlpmeémolgneemf 36 emitters.

Red em gﬁ%) | ] S urth er.el.n advant age
of the H?r eeplggﬁa I'Xe ]‘erorlrﬂépfﬁ gerdra%glls%n%%l Frrsrﬁ(r)% Hemémofad@?}o% col or
di 2pl ayis pe}'dtlpﬁomﬁfd:ﬁ.gh&eﬁiumoﬁ irothe Jontitecs eithna) ATRIsCRBuEE the @iiBbeg ot I | but e
5|gn|f antléeIS ﬁ@the I‘C ption of high resolution in the |um nance

channel’! pnd greegy efpilttertimproyes resalLoLhy Be®ng some wit h

red andb@ﬂe%t&mgtt@madm@pves resolution by nore closely matching to
human vi sion. Dividing the red and green emitters in half in the vertical

axis to i ncPéddias %aﬁ 2 gregp gREisEp Mf inthe vertigel peiplodv@rsnEpatdler t he
convenbiaealpikg il hfRlprort At SvaMLEonSeidtioRs vaticd M gle color stripe of the

25  prior art. An alternating "checker board” of red and green emitters allows high spatial
frequency resolution, to increase in both the horizontal and the vertical axes.

In order to reconstruct the image of the first data format onto the display of the
second data format, sample areas need to be defined by the isolating reconstruction points in
the geometric center of each 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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25 prior art. An alternating "checker board" of red and green emtters
~allows high spatial frequency resolution, to increase iy &abkkrbbes
“horizontal and the vertical axes. In order to reconstruct the i mge of the
first data format onto the display of the second data format, sanple areas
need to B YSPIHed by the isolating reconstruction poiPﬁT[fBJSWi%lﬂhe geonetric

~center of each emtter and creating a sanpling grid. FIG 11 illustrates an
- 30 arrangenent 40 of the effective reconstruction points for the

~ ar r ahgecoasttucBilie effedtive eanptial afea fq:n iexabl colek piakd) biohfardte@ted S€paraldie FIG.

reconst t| on nd 37 of  FIG_11) are centered over
t he geo P?mi‘f‘ % BE’&%W%%BF Sﬁlﬁﬁ%rﬁoﬁséﬁ%éc?réﬁsgmdm@i"b IgorEcopsuelisnof FI G 10,
respect jof@iaghs 1. i iEarddRh n%%éagwfefaiebﬁle%ﬁ@yaﬁe%z e 1 &Hn truction

_ poi nts 35 and the (green teconstruction point forma red and green

" checkearay GAFIF. 14 Forya sjoare gdd offreca@Sirugtioppeints, tihesinihare bowndanyst r uct i on poi nts
33 are del Ste[erg ed eveé}ly across the device, but at half the resolution of
the red 35 q%aé%g]é reconstruction points. For sub-pixel rendering,

‘thes®e col or m@cﬂ@ﬁm&&%@ﬁp@v@t@@m@hﬂ pRattesi mcsﬁee?bmmtmtmts and are
used to 10 26 Cctaber 2005 V\D 02/ 091349 PCT/ US02/ 126 construct the
ef f ect i EPNSEIFHP Bynts B8 o1 FIGH 1banddo sk et reppnsiectiopppiats 28 o8 FYG detnddbes epar at el .

FI G lgfebidcdahpileSeeds 30, £f 52644 y@fopihg%as&imblaﬂgwome élﬁ:g (ol espondi ng

to bl ue reconst?uctlon pol nt FIG 11) "and sanmplin S 44 for the
bl ue cdildprph sqvere4Ridfapiay Btr@"t@b@msmlﬂllbmmdﬁy Hhysayitlih thelcGitral draykdr a square

grid of h
AR R S T e T S
cor r%sphngubie ghlevouRibverlgababivhiay bDie ﬂ@piajr sheXbageh afcla@ustdd todiegp t 0 the red

reconstruction points 25 of FIG 7, and effective sanpling areas 50,
52, 53, fgesreampd minEzedbe Rogpdiy PRrmeEr £ eacl?ﬁ@ﬂ%fﬁﬂ iy e ofs1 form a

squar e (g dathpf ¥ v@ﬂ rébeal it 5%1@&5&'5@1&&(19@%{%3&9% Wi tRisn, the central
array of the sanp e sanpling areas forma square grid. Because

of  eddewerdrcample amaegé%whghtb' gmra@a,gwhl& smglledre@s/%}malp hmershoundary of

the di IS e admnlmze

t he boaﬁbar fhﬁerglssrsre eréog {uﬁo %sf%%ﬁ% éh?ha%ﬁ]%gl'@%édaﬁmlgon If  the sanpl e
ar eds wirdak 53 evilbiad owchmpresmnqdlvﬂaﬂamqmgmtahmmpwﬁezsémmbemcms sanpl e areas
‘52, however le a s 54 s.slightl reat er ar e sarrple areas
33" i n RREVEHFhoRaveE e drrighel nneest Handhiution poREESEE o r or

that t Rgroy RnVieiginthad and¥oktih the hReR bk gnadd. areas 53 wil | be over
represented _while varying data in sanple areas 54 wi || be under

r epr esent ed Flidelusfrates fe aff%ﬁﬂg‘bgra?ﬂ BmPHMRPRRE 37 Bpt CoRsIR9ahEshe greer | | i ons of
em tte'}éoon§ﬁ%t1m§g§(ﬁ19§ 3’{:% e Pleanﬁ‘té' eeﬁ?&oﬁsﬂ%&ﬁdn’boh’f&ezmg@rﬁaﬁﬁ the inmage.

FIG 14 illustrates t fective een sanpling - polnts that correspond
. to 2bhe t@r@&nhversempﬁrgmﬁﬁfﬁﬁ,@%land@fb?thofgrdén@lonmmm fmsptdiien gf een

recons tP'iGlC ftf wil rgv%mE & egsz:nt?af.l sigllil%;‘r toE:’IG.aI%(,j it has the same sample area
relationships, but is rotated by 180°.

These arrangements of emitters and their resulting sample points and areas would

best be used by graphics software directly to generate high quality images, converting

30  graphics primitives or vectors to offset color sample planes, combining prior art sampling
techniques with the sampling points and areas. Complete graphics display systems, such as
portable electronics, laptop and desktop computers, and television/video systems, would
benefit from using flat panel displays and these data formats. The types of displays utilized
can 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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25 the effective sanpling areas 55, 56, 58, and 59 for the green col or

pl ane 60. Inspection of FIG 14 will reveal it is essegbhabbgizohbar to
FIG 13, it has the sane sanple area relationships, but is rotated by 180.
These arrangenents of emtters and their resulting sanple points and areas
woul d b&¥R029813d%ed by graphics software directly to demdiSeyRem®i gh qual ity
i mages, converting 30 graphics primtives or vectors to offset color sanple
pl anes, conbining prior art sanpling techniques with the sanpling points

and areggs oﬂ?éﬂlﬁ@fo%g%%ﬁﬁ%@ist HRVAY mBNS R Binst A Da@Sof LRBRiESRS

el ectronics, |laptop an op conputers, and television/video systens,
woul d  peapigés softivare msas silemey i sappleciornetit opgingily tased anlbesese dBERTS a5r mat s. The
types of, di S€| aés lsﬁEPIB[I zed can include, but is not limted to, liquid
cryst al "GrEPEYIORE B act i ve di spl ays, plasma panel 35 displ ays,

el ect ro- | um FGCE estlaleh hn Si:Sdfaxaple BhifE 74 apdubeie bifectith saddphyBeas7z el d em tter
di spl ays, discrete | ig)ht emtti ncg di ode di spl ays, organic light emtting
di odes faveprigyarigixsh dafy BormaisfOdp adi rﬂse,re%fq@wédbﬁge alggeare e eddals pl ays, and

thehi ke, %]{@,‘H S £ M $HEBGradi ) 02/ 091349
PCT. } QJSO%/E! EQE%SR@BE{R ast dgﬁgn%%ﬂ?h%%?or ego?ﬁrllaé’ %ﬁ%%’?@gﬁiﬁ%m@a\?%m much of the
i nst al | edodsargeedai agiah pimekdispiacby gmplp bsing ths ditfmeeads edorepldnegmey dat a sanpl e
format oriqi .base t.he use of e reconstruction display.
o 1 5P RGP A of i h i GG o e R b dFh ot s Ve S e
areas 7eolorfs@b-pielids e saink aPih¥ SAmplebantt,areatig hfe isib-pRéElS b 4108 a6 €d, green, and
bl ue val ues are on_an equal 10 spatial resolution grid and co-incident. In

pri or afughthey caystified yagle eomhinedspdingermingled nd-cplerpinapwhile fgagringh a f1 at
pan dj | LG n I l;@f¥gn0n a prior
art?%@mggét?%é&%%sﬁgf%éfypoﬁE&%Jgggg‘%%imﬁlérﬁ%%gfrllflc&%r?ﬂir‘—'?héi 1, nt he resol ution
of eac hrefermsfl tras shetf Nt xeMode'of thealisplaye This wabtes tha ppdigonpbinforsgtionioéat i ng t hree
sub- pi x r ow t hey constituted a single conbined and

s i . th
i nt erni ﬁ&?@:ﬂg sF?PP%I%]iYOtPGbﬁ%%gEg%ﬁ% e ignoring 15 the actual reconstruction

poi nt posi t iIpbsat:adt, e tboig RGE ddda §f theepresehtapphi€atiaf is, trebiell 8s thiee Of t en
referred to as_the "Native Mde" of the dj sg ay. This wastes the positional

i nf or maRlfRSA OB ylgkack gihery; Tegoxert e duia framthe RYH fowmt gach RiFedH™aied cont rast,

t hegd NCQEkAEyRERpHHINR ifbrrhdlen ROBSR i3I poi Gk 19nd: Sn ihe @Rk n@entt hr e

pl anes over lying éach other. To covert the data fromthe RGE format, each

pl ane i wbipixehireageamtsy tae presentapplivatin requireg aicomvsrsiaatal e ditadenmahe ori gi nal

prior agt_f : i & i r t he

b coent appfiniRt; S A6l M ogh W bERBUbrRl 62 bl RRE RN Gl

r esanpl & ageightue fiattanios themamdte dDépandingin the @bl fooquédegbf the out put of each

T KTV N RAT S T AR S
may2e dahpleaie as @il BH deb@itR@belowt each out put
| 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. 11.

FIG. 17 illustrates the arrangement 78 of sample points 74 and their effective sample
areas 72 of FIG. 15 overlaid on the blue color plane sampling points 46 of FIG. 12, in which
the sample points 74 of FIG. 15 are on the same spatial resolution grid and co-incident with
the red (red reconstruction points 35) and green (green reconstruction points 37) “checker

35  board” array of FIG 11 FIG. 17 will be discussed further herein.

FIG. 18 illustrates the array 80 of sample points 74 and their effective sample areas

72 of FIG. 15 overlaid on the red color plane sampling points 35 and the red sampling areas
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25 sample point, as will be described below FIG 16 illustrates the
arrangenent 76 of sanple points of FIG 15 overlaid on hxel
rendered sanple points 33, 35, and 37 of FIG 11, in m%gtﬁCt"?‘ku%z?g%(ml e
points 74 of FIG 15 are on the same spatial resolution grid and
Co-inci dWQ02P13k? t he red (red reconstruction points BET/U&RM2¢gPeen (green
- reconstruction points 37) "checker board" array 30 of FIG 11. FIG 17
“illustrates the arrangenent 78 of sanple points 74 and their effective
sand e 5R6RES, Al Jdfof FIG313 b which thadathplpoldie74df 08G.Cio| 208 ordthaggnes anpl i ng
points 46 of FIG 12 in which the sanple points 74 of FIG 15 are on the
same s p%gﬁﬁwg resplugign gd 2 ceincifientwitl e rerredarronsiuction nois 39 anq green
r econst ' ' : 6 ] ' i 37)
R i S g g P e
her ei n.samplg argeg 52 kormgletelicetsr theeomeidant ogiginalf samplepbiat Poindtits s¥pland t hei r

effectiyve npl. e areas.. 72 of FIG, 15 . overlaid on the red c r. pl ane
Sanpi 1 A oS e p AP bnf i eartty Bt e anb 3t 865 vy

02/ 991 3% InBET LSRR 26452, FomRterbe thlgomiish, e ferkotib @coaaaa%ei, & which the
sanpl e points 74 of 15 are on the sane _spatial resolution grid and

FI G
co- i nciGY&eHep. Rf the optpet spgple erea qUr@e orh OF PHI0%CT BIS Ipyt saplezmsa Trigiregex (green

! €CONS gl HenGRuilel b9 ud Ghine GHRRIEBIroRBRIiA selfpleAXin? 14 Edpoilc o B, [ Nner ar ray

of square -~ sanpl'e areas 52 conpletel'y cover “t coi nci dent original sanple
poi nt Pftpehsampiearsadp|Ie Fi(ari8ath8 2rea st syt szmplexteidifiiad hydkerenwaleorquar t er

each of_ the surrounding s l.e eas 84 that I nside t sanpl e area
55° "1 cauetient e bt BT R KB et EBreRulte e oUeri pr o
t helsoutcptibspdadipg mqﬂeq]aﬁz_ﬁm isaRultifidd 1TonbRalDWL0.55. [Ty insHeblions B Rlc@ ofir €a 72 i S

recorded and then pultiplied by the value of that correspondi ng sanple
poi nt  P4YAIH SAIRRIS TER P @i?dt_bmacbdﬁ rIguISenofr eIt jugutareas 845 Tt he area of

square . _ i d | i t sanple
area 5T oRHE G GmYach ‘é‘h‘%ﬁﬁl‘*ﬂﬁfe‘%@%ﬁ Rk o MR R

cor r es pomultipied byprie@ighthi (e 0.¥20) ‘These veligs| aretlicibaddedhie theprevipusrvalie5) . By
I nspect] gn . Qf r 2.f1l]ed ea of the
surrourgéag'lﬁtgﬁjh,alé ﬁgsnﬁﬁlg negib gﬁ? aﬁfn%ptﬁu‘?ﬁgérlg’g mg‘%lui%gfgglrl‘{%n Seﬁ“pé%tq'?utctg?' 0. 125) each.
Thae, the vdbrike odgetshaple poing SPandlihaiy fivesided sampple aganPd, gheuoldsident’/4 | S

mul tiplied by . one eighth (or 0.125). These val ues are_ then added to the
. previ glﬁ%p”\’} ear(e%.gjgi.%,Co?ﬂgrf’{y\ﬁa‘éer?fg%stlpéeicéﬁ 65§Fﬂg‘?<§§b°{f% bR QR ©FFE £inal out put
val ue @hrrdurdi o e arRisn 863 M P arESVerthiRd COREORAOeBapRl Mpht 35 and

their five sided sanple areas 50, the coincident input sanplé area 82 is
conpl ef@nple apepbigpgentspne pights 9 the qutnut sapple ascle Theneighbariye npviee

sur roungh g ot APSK a3 Rlcke ﬂfc%gée %ﬁrsse@@thr&@ﬂte%&h@@?l69¥%f1|8?§]fb?,§ﬁ One of the

over | apped input sanple are represents one eighth e out put
sa?pl e outppbarBeacthés baforgliboweighfed mguds 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 areas 86, 88, 90, 92, 94, 96, and 98 will be

30  different in proportion to the previously described input sample areas 82, 84, 86, and 92, For
the smaller corner output sample areas 53, the coincident input sample area 94 covers four
sevenths (or about 0.5714) of 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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sanpl e areas 86 and 92 along the edge represent three sixteenths (3/16 =
0.1875) -of the 25 output area each. As before, the wei ghimgopeabogs of the

i nput values 74 fromthe overl apped sanple areas 72 are added to give the
val ue for the sanple point 35. The corners and "near" corners are treated

t he sanmeWOIRAIE he areas of the inmage that the cor n@E¥TUBBIAHY " near”
coners 54 cover are different than the central areas 52 and edge areas 50,
the wei ghting of the input sanple areas 86, 88, 90, 92, 94, 96, and 98 w ||
be 30 damblenents4i Fheraparibapu saniphe drteldortts dus kevesteseisi(bedontrfiiit3)sanpl e
areas 82, 84, 86, and 9 For the smaller corper out put npl e areas 53,

t he coiq%&he&@wﬁwiwg% |fés%ffgaﬂw%g%f@l%afﬁemg%?%%?éfmélﬁfout 0.5714)

of out m&ﬂ@gé@éaﬁapféﬁ@as%-areuaaem%%%&amfbﬂﬁyﬁanfp?é%ﬁ 3greas 96 cover
three fourteenths (or about 0.2143) of the output sanple area 53. For the

"near" cor fge calemgiion ferrtherssaupling hkthe great belermlane ppageeds dmplimilar ea 90 covers

ei ght seventﬁ aboug,é(]ga.teﬁa@ﬁl)gopf the output sanple area 54. The
co )

t h r,.3
i nwar d Hrllaenfl%rh %E?en%téugﬁ%ql@e%%’é ers " two seventeenths (or about

0. 11076) of Theesetd, itcakalifib® fal tBared 4amplb poietifeandigteen sangilgitidatrayng i nput
sanple area_92 covers three seventeenths (or about 0.1765) of the output 13
26 Oct &B{é‘ﬁs’é’@@@f%f@‘mlmg PCT/ US02/ 12610 5 sanple area 54. The corner
i nput sanple area 88 covers four seventeenths (or about 0.2353) of the

out put sanple area 54. As before, the weighted values of the Input val ues
74 frorGent@d Areaser | apped sanpl e areas 72 are added to give the value for the

sanpl e poin s Jh | ti for,t I f. the green col or
pl ane procegﬂg%)_aﬁéf“giﬂ%ﬁw.g%%e i?(cbgﬁ){ﬁgiﬂfﬂk%ﬁébnpl e array is rotated
by 1580. 10 To re@®izs & (ChR)e0.125 §iQRs)for the red sanple point 35 and

green z;gpl point 37 values, V.,n, are as follows: Central Areas:
VO, ,,( ?5§$?°0.5_V,11(CCR,,) +°0.125 V,n(CX_, RY) + 0;125Vn(CxRy+,) + 15

0.125 V;n(GC £08. ¥ R85 IV r JEslgers VO ) = 0.5 V,, (CXRY)
+ 0. 1875_V,§1§€“é><, O%“g‘.“lé W-Z&)‘ﬁn,k‘%??v):w%?’%z‘%’&%@?é?,) Upper Edge: 20
V.., (CXR ) = 0. 9.3 Vg(GR).)+ 0.1875 V,n(C,,-,R) + 0.125 4,,,(C'R2) +

0. 1875 (Y nGGst. R ) Right Edge: Vp" 1(CXRY) = 0.5 VIf(CXRY) + 0.125

V,,; (C )7, + 0.1875 V:;,,(CXRy+,) + 0.1875, Vi,, (CXRy--1)

20 VoudCR) = 0.5_V,(CR,) 4 0.1875_V,(C, R,) +0.125_V(CR,) +

0.1875_V,(C..,R)
Right Edge:
Vol CR) = 0.5_V,(CR,) + 0.125_V, (C, R) + 0.1875_V,(C,R,,p) +
0.1875_V;,(CR,.)
25  Left Edge: ‘
| Vol CRy) = 0.5_V,(CR)) +0.1875_V,(CR,,,) + 0.125_V,(CR ) +
0.1875_V,(CR,,)
Upper Right Hand Corner:
Vol GRY) = 0.5714_V,(CR)) + 0.2143_V(C, R ) + 0.2143_V,(CR,,)
30  Upper Left Hand Corner;
Vol CiR)) = 0.5714_V, (CR,) + 0.2143_V_(CR,} + 0.2143_V, (CR))
Lower Left Hand Corner:
VoulCRy) = 0.5714_V, (CR)+0.2143_V,(C,,\R) +0.2143_V,(C\R, )
Lower Right Hand Corner: .
35 Vol GR,) = 0.5714_V;,(CR) + 0.2143_V,(C_ R} + 0.2143_V,(CR, )
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25 Left Edge: VOQU (C,RY) = 0.5 V,.(CR,) + 0.1875V;n(C, R3,+,) + 0.125_V,
a(C2R) + 0.1875_V;.(C Ry_1) Upper Right Hand Corner: “Mg'od&b&RED0S
0.5714 V,,,(CXRY) + 0.2143 V,~(C,,-,R + 0.2143 V,,,(CRy,) 30 Upper Left
Hand Corner: Vou, (C,R ) = 0.5714 V.(CR ) + 0.2143.V,QC R2) +

0. 2143_VW(®@2PR3¥® Lower Left Hand Corner: W'L(CXRY) XCIBPIV6N, o( xR, ,)+
0.2143V1"(C, +, RY) + 0.2143V,n(C, ~Ry-,) Lower Ri ght Hand Corner: 35

- V0,,,(CRy) = 0.5714_V, p(CxRy) + 0.2143.Vin(Cx-,Ry) + 0.2143_VWWMCRY-1) 14 26
Cct aber Uit BdsWL AR HRQHSER (Jogkr:US02/ 12610 5 Upper Edge, Left Hand Near

~Corner: V, ( = 0. 4706 v11 53Vji " (CILR1) + 0.1176_Vi,, (C2R2)
~ + 0.1765 v%@%ﬁﬂ’i@h Vifids) +9&6é3r Vh%éﬁd&%ﬁ-l RAEIR) =
0.4706_Vi. (C R2) g \6L6(CI R3) + 0.1176 V, n(CZR2) + 10

0. 2353 VI . (CLR1) Left EE%R Lower Near Corner: V01, (ClRy) = 0.4706_V;

a( C, Ry)Left Biges8merNegrComper; ) + 0. 1176 V 11(C2Ry) + 0.1765 V19(C Ry 1)

03553 vha ey TR Ry e BT T IT° et Tigh, s g
Hantl) Near Cornerozmv(@liﬁy 0.4706, , W, (CRy) + 0.1765 V;,,(C ~ 1Ry)

0. 2353 V X+1Ry + 0. 1176V, ., (CxRy-1) 20 Right Edge, Lower Near Corner:
VClJtC JQ?XF@I)+01176V,,,(C1Ry)+02353V,,(CRy hl) +

S SR S B R R T
0. 1765 Vm((:‘lRy y)
Lower Edge, Left Hand Near Corner:
15 VauC:R,) = 0.4706_V,(C,R,) + 0.2353_V,(CR)) + 0.1765_V,(CR)) +
0.1176_V,(CR, )
Lower Edge, Right Hand Near Corner:
Vol CR,) = 0.4706_V,(C.R,) + 0.1765_V,(C,R)) + 0.2353_V,(C,,R)) +
0.1176_V,(C.R,.)
20  Right Edge, Lower Near Corner:
Vol CR} =0.4706_V,(CR)) +0.1176_V,,(C, R)) + 0.2353_V,(CR,,)) +
0.1765_Vii(CR, 1)
Right Edge, Upper Near Corner:
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) +0.1176_ Vi CRy) +
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 symumetry there are only four sets of coefficients. This reduces

the complexity when implemented.
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Upper Edge, Right Hand Near Corner: Vout(C'R) = 0.4706 V,.(C ERl) +

0.1765 V1g(G -1R1) + 0.1176 VI(CCR2) + 0.2353 V. (Cx} DR Octytheneosd/u, are

t he chromanance val ues for only the color of the sub-pixel at 30 C ,Ry (C'
represents the x " colum of red 34 and green 36 sub-pixels and Ry

repr esenWo @hei3yy' row of red 34 and green 36 sub- pi xelPST/USHRUSGCICA r epr esent
the red 34 or green 36 sub-pixel emtter at the x' columm and yl1li row of
the display panel, starting with the upper left-hand corner, as is

convent i onal Aystsieheier,|HIGI 57 flloRtds @t eRRhiE7 S dTAmplP Poih® 7& bndrheit he
coefficient, weights in each equation add up 35 to a value of one. Although

there afifecliyswmpicareas 4 at F16h 45 prerlaid aaihetlee qoles Plage pappling goins 4AWET si on,

because et L r I . Gl e Thi s
edutes oA S YRR ol ol PAGE RO 8 kPOl 10® S B BEMMGLERR o7 240
PCT/ USO2¢-in2i63 vib Al red écbcemstrhetion poiatsGS5) did grédngeemteemsiriviompoisingenment 78

f points 74, and ' ffecti | § 72 of. ELG 15
e o 8P B B SR B R TR AT TP S 1D i on
t he16 angngldRédYdto B¢ dQ@mithd@ by ispadtRn Olh thi @ass ANE LIS MrhAd arbLAOk HbKON grid and

co-incident wth the red (red reconstruction points 35) and_green (green
r econst # bi¥¢ resmpleame which js)simply gl theygurippndingdlye valoes ef bl ue sanpl e

gan

.poi nts - El : I ?sa\ﬁep erm ned by
inspectﬁlgr?ﬁélf‘ﬁdfﬁﬁisgslgggééﬁwgﬁgﬁéﬁfgﬁg%tr@% e a{rlag%eai&ﬁ&l?agﬁnné)lﬁp&gﬂ%ﬁ%e resanpl e
ar ea whihe esamspled im@gy. t he arithnetic nean of the surroundi ng bl ue val ues of
the original_data sanple pgints 74.that is.c ut ed the value for the
sanpl e poi ntﬂg%fugputpﬁvgfqee @ ?%aﬂnﬂlt?%‘écﬂéﬁé’%ﬁnﬁ%gﬁﬁﬁﬁﬁws'val ue, Vpv, of

sanpd e poi nt @6, R $) salsulaicerl) a9 450V D +b2sVoM( Ry+ R} WO0.25 V,

R{ gESRsI)O + o.°§(5 VIE{YFT%CXf) + {o. g’% V; 3( df?gg’))ib Oyg\é(\%%%&+r}l§Y+j) where V;n
are the blue chr BdanaiCeRsal ues of the surroundi ng input sanple points 74;
C.. represents ! Qe ool HEBe LStk PRlRbPml dunditinFihplaRpREN S the yd

th the rleft-fland c

row of sanple points 74, starting wt uppe orner, as is 20
convent i onalpointsd¥n€, reprosentstibe ¥t colmendy-spinple points| 71 dmeitR, epresrntathd v nunber s

must be odd, as.there i | v one. ue subz pi xel er pairs of red and
green sub-pir‘?(vg 1g§am {;%HOH}%S?‘QE%%‘E&Y@ elqugliﬁ%'gl?'qqec@%asg)sv\ei ghts is equal to

a v ue of ebsvenfldi@liy@érghti ng of the coefficients of the central area

equation for_the red _sanpl e poi nt
d For the bfue sub-pixel calculation, X and y numbers must be odd, as there is only one

blue sub-pixel per pairs of red and green sub-pixels. Again, the total of the coefficient
weights is equal to a value of one.
The weighting of the coefficients of the central area equation for the red sample 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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25 35, which affects nost of the inmage created, and applying to the central
resanple areas 52 is the process of binary shift divi Sigapstovdrepes0.5 is a
one bit shift to the "right", 0.25 is atw bit shift to the "right", and
0.125 is a three bit shift to the "right". Thus, the algorithmis

ext renel waozmisae and fast, involving sinple shift divieirasosnedioaddi tion.
For greatest accuracy and speed, the addition of the surroundi ng pixels
shoul d be conpleted first, 30 followed by a single three bit shift to the
right, aBdoihdiasht idpet ﬁm@mlpembwt %rﬁétﬁ’glycﬁgt‘ﬁlﬁkm%“a«}aﬁﬁslﬁ y bégldlgd. However,

the latter equations for 'the red and green sanple areas” at the edges and
the cobladk sThisalgirigen mey be nmnime@i@dmmeam ingeftwandirm@areaoniedwarai spl ay

(e.g., a di Slpis p&%{ﬂ% the c%\r/\(lmtl %nalc v%uaﬁm Il)mear"i‘y tl%fzéﬁ nlg?;é(gﬁ]uat i on maybe

needed t'o ensurergood I mage quali I spra ges or displ ays,

wher e asubrpitel r@ﬂémrg st bmn@m$emﬂdgaﬁmﬁmairreaﬁ¢n Jhe ﬁﬁtpﬁebf seadpovkittle, a
Si rrpllflcat o be made. For the sinplification, the first equation for

the red alg s intqdhe gammacaTrectign fablash & g@%@ﬁmowrm@?@% th the

"M §Si NGeTork @W%lxg%rﬁcmﬁga(ﬁmx ectddnntn c%ren%ﬂ%rﬁ%gf Qbcdgl® 1 Mege, such that
I nput sanpl e Ints 74 are Set to equal 16 26 Qctober 2005 WO 02/ 091349

PCT/ US02/ 12 616851& 4nd 20 dlvsizitelbrataliernptive wnp&r@npscﬁ()ﬁ,t 1024:f satdpleepaiats V4el y, t he

"m ssin a orid e i npl enent ed
ot cabs 4 SERENBE R T SO eph Be Rl PR el oy e
chr omanaes @3 \waFIGS shed b,iineaich yheaddpleipsits ’Iﬂ&ﬁﬂ(ﬂgsta&%n thb @mesphriapi xel
renderi ng rrustaqﬁgﬁéorrpl eted before ganmma correction. The outputs of the

above %FyHiont go-ngident with ha R anheraen checkerchoprdn 2E@ppiddG. 1-1F1Gamma
cor {gctyg mus&a%esreﬁaréff&ﬁ%%e@xa%ﬁeﬁng s%r&hgeieag BREH hgke thém ; ,Jee."t ed
chronmanance errors are to occu I GS. 19 and I strate two

al t er nahoupdara perameerston the bMGOlolglzn@SaﬂgJ@n@P@n@@B ﬁllce‘vn'/mf"l@.ﬂcfox ﬂhel r effective

sanpl e verlaid on the blue color plane sanpling areas
23 of .%%J’g%%n&@ffqﬁlﬁifﬁ.égh the sanple points 74 of FIG 15 are on the

sanme spat i aI‘IheE}&ﬁﬂbﬂlﬁmﬂcalnulgﬁngdh@Mfﬁwemmb@eﬂBtas\dbdcﬁbddf@owe(Thand green

"checker board’ array.of FIG _ 7. FILG .15 8 illustrates the effective
sub- pi XEPPFEILPYeHEP éi"?ﬂﬂ“ﬁ?ﬁlp%aé% 1%5‘ #overfpmpachy ipnt SAPRle AR 7HBundar y

per.’!ﬂmtﬁﬂslg%cﬁlaﬁat@c!lMﬂtﬁ&ié&%oéfhéi@ﬁsﬁ?ﬁ@iﬂsﬂ&n@@haﬂbﬁo@ﬁt&ﬁ&ﬂﬂ in FIG 7 for
‘the arrangement of emtters in FIG 6. The nmethod for calculating the

coef fi cTI@m@egwe@e@%mdgp@é%ﬁhmp@b@%s T4rindhe {oHopos tieesfai over| ap of

out put & e areas 123 in that overlap each input sanple area 72 of 20
FIG 19 -"are cal cul ated and used as coefficients in a-transform equation or
filter ker néiout(%}—@@@ﬁﬁ_cvgﬁx_&)a* 8.2MA76] BPLICRY) BY. 2HB7TH AT, aRyal ues 74 in

e 2L LSRR SR, ol G L AR T
0. 05625 V; n(C, 0j B3} ¥V, (@Q,, . R3H3 ?)504;5,62551?1%}%17
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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25 0.234375 V,n(CX+IR +,) + 0.015625 V;11(CX+, RY+l) A practitioner skilled
in.-the art can find ways to performthese cal cul ati ons 2sapigHey 20040r

exanpl e, the coefficient 0.015625 is equivalent to a 6 bit shift to the
right. In the case where sanple points 74 of FIG 15 are on the sane
spati al wmas@lovizyon grid and co-incident wth the redplreshrigaenstruction
poi nts 25) and green (green reconstruction points 27) 30 "checker board"
array of FIG 7, this mninmmboundary condition area may | ead to both
add o Al | preadl Arf ' e 74

poi ﬁ?s.@ilrcﬁ%hgﬂhgr%%gtﬁ?%gpsﬁ%&%l ve gi@gﬁ@g%e ar%ﬁlfgé%bggén%gnent 31 of
FI'G 9 Ry 1'beln thet 9ddicobuhnk dre caloneticadfpt FliGaL sns falowsi t uat i ons. For exanpl e,

where the s ojn 7 f . F are o spatial resolution

grid and com@@%ﬂi:&na% it@@ﬂ%h%f%@%@*é@%%&&@%ﬂ%dﬁ poi nts 25) and

. green (green recopstyy tJlQ_@ points 27) "checker board" array of FIG 7, or
where the rel ationship between input sanple areas 74 and out put sanple

areas is adisdnualihs epops aleudationgfer BliSe 19 and 29rise done fayithgpgeneral gage afhe even

col S f%mél f . X 11US02/ 12610 5.
cal %:UJraiglF Irzlégﬁ%?]hse uageaolg'?'pﬁltze Cégmrrp éé&%g{hﬁt% §£ g%’ ﬂly\gq'? e%?%@%%oﬁso the formul a
devel opeohsfoab formulas or askilfiptiohyaboliithd Medues dfl sangllapoiss Theff deledgd afttheon for FI G
20 is as foll Qus .. o"t‘gc, + R1 ) =0.25 V,(CXRY) + 0.25 Vin(C +1Ry) +

0. 25 v3Crepmagdesgybed abgves s vy (CXy1Ry- 1) As usual,, the above cal cul ations
for FIGS 1%@%@%@?&1% 10 ef PR RintC ERn@ theirbffedite central sanple

area 124. The cal culations at the edges will require nodifications to the
t r ansf orpledrass  Huont pagshpitel disfonpeis lpHemieda Flla 21dlusiainpibergdoi nts 74 of f

t he,£d f e i.he r.nk ng. t 21, an
ar r%ji %ﬁ&bﬁ@? ?ﬁp@%%%%n?g&i%ﬁgﬁép ki ell%g&éétgjp %?l%%wg g@p t’e]:%évdré gé{ié 120 for a
prior ait baspidiférerd ahapefsize thab thedmagd siestithatretdd ioFFIG. 121 i | | ustrates the red,

15 green, a u alues th e _on an.egual ,spatjal. resolution grid and
Co- nci dent A i aizg 106 8 PrBPanie Taged BRE elrbeinh SRS Fige o1 7o
i 11 ust r@bedrich 2Fblerlakbon thi fed caldr plhdelbsinpBiLses8 305! 89/ add$ ¢ffFisarmp! e points
122 and their effective saggl e areas 20 of FIG 21 overlaid on the red

col or pibgsenRlanpinisig? af 82 baye ngipn thpssamg spatighregglutiongrid jmpr co-ingidertanp| e
POi4H S ok [ ! ~d, nor
co-%ﬁnci%ﬁ?@%g%%%%cg%sﬁ%%oggﬁ%nﬁgg’ ?2%3% tru |or1i@c%g%n§t§§4n S%H%?%?)gg'gnd green
(gr een ‘chaskerdpand? arayoiFdG it @ 12.xesi@Fvely. checker board" array of FIG 7 or

11, respectively. |ln thi rangenent. of. FIG 22 a sin implistic
transform e%n u%si%rﬁn%ag}eggucﬁg?(? ‘02%’ ?%?g ¢ Eelg’é)ﬁsngﬁaﬁﬁ%%%% & %lgg]aéon%f al | oved.
Howev ereactgsigent sdriptd 3)is nbieallowed) ddbwisred gérerdieing tatethadiantd ©fgetdigte cal cul ati on
Pased oot hRLRRR 2] o oS RIGHE b SovB s B SEELE S0 BESF ©2'

25  This is true if for any given ratio of input to output image, especially those that are common

in the industry as standards, there will be least common denominator ratios that will result in
the image transform being a repeating pattern of cells. Further reductions in complexity
occur due to 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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25 This is true if for any given ratio of input to output image, especially
those that are common in the industry as standards, thar@cdhdrbobe | east
comon denom nator ratios that will result in the inmage transformbeing a
repeating pattern of cells. Further reductions in conplexity occur due to
symret r y wa@/odsapnst r at ed above with the input and outpuwsere@ys bei ng

coi nci dent. When conbi ned, the repeating three-color sanple points 122 and
symmetry 30 results in a reduction of the nunmber of sets of unique

coefq i cipubticns e eactved SublPRaR 98 ol Qich bRMPdub-phRI 360ea R kAculhiBei&QmMeer Ci al
standard di splay color inmage format called "VGA" (which used to stand for

Vi deo Grapiend soyegngs obilie bput segply areasil 3R phFlGeddby tha gsapboguipis aee4®- col umms
d 4801 i.S . _ C di spl d
onto o Jueibeedhiy P sinfaB ind E66Emh M Bk SaATRAGHoRSR B ohofi ' 70, ©

sub- pi xedmsfes dquatichs 464 Wrbe differat ferpivorg kingld Guipairsample pbik 35 Fopfuaitelpf 800
i xels 34 and 3 down, This results

sub- pi xgl s acro sg ng&? 0. total sub-ap, gl‘
Tnan (REo DRFSRR ol o5 (RDYFLEaPaions § RGP ecTEss She pafie HYeansf er 18 26
Cct per rZRRp eddeifR rQRAIIS R iR A d 24 ardl eiﬂgiﬂé’zt a8 of Be &RGHONEE Sub pi xel

34 and each green sub-pixel 36 can be calculated fromthe “ fracti onal

cover agepet deweeach pelume o R endaesatids anb0SaSfor prapty-five unjquetsels ebagpationput put
areas 5 - Thi i L | ar,. : - transfer
equat i oiﬁné Sogr%eisz‘f’@ Qﬁ%ﬁ?@%&%{é 00?téi 'rstéﬁysre}?&i ug%\ég%%ﬂ%%élggﬂ%@ng%%e di fferent
for evemgniyHhglses ofdopificiea® i thegeaonfficidats, oier pateaisel yymhétrissatn pé oceed to
calculate al]. these transfer equations a pattern_energes. The sane five 10
tran_sfgé)u@gﬂ%fl? e the g ﬂ%og?ﬂ?ﬁ@mse& %éogﬂyﬁ%Pn’&Hﬂse&ﬁﬂ&hﬁer pattern
of {5 VesaRRpRicbARSwill RBRRE afl AR AP o @biitRAts TR hehEnieat 30 drgrgnl y 5x5 or
twenty-five unique sets of equations for this case wth a pixel to

sub- pi Xel ratio of 4:5. This reduces the unique cal cul ations to
twenty-five .l . e | ClLe t tterns of
symet 1 e 008 iSRSt B et bR ecERElehls Bl e e B S
~down t qzeomktyicsacthod desgribedsabbee. Hile 32 Blusiratea mBinpleG& 2 chpeat cell 202 fpomdiwce an

i dentical set.of coeffi.cie f he arr,.angenment of .Fl 6. The

fof I ow HEEPE e sk Sspiioea SAPEP N AR gt PP AR o cul at ed,
usizng tdvexcemasEREd hifd S8nRaK piters C Ehdhed HRIRGYEs sublixels3D4aitbhnied bpsgR a single
5x5 repeat cell 202 fromthe exanple abgve of converting a 640x480 VGA

~ format e pdicaiesphnteration phe Fador greem SBOLE BAGO baste ser @ godfieleRf een sub
pi xel s.cafeaaRdOihis MOnRIGANIE 25 Q&(sj B dRbRieal % Mﬁ@lﬁdp\%&ﬁ%% doflfor| | nes 206

indicates the |ocation of a red or green sub piXxe at nust have a set of
coef fi cymmetry. Eii. 2wl baidiscThied immotedictaddaiétr e 25 sets of coefficients to be

ot ai | | at e orpdug®) mh B PUTRbelcoe e Pyt doetbEerl B WRRRC v o "V e

coaff i cioemtis tha ceminth figix 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
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25 down in the common matrix formfor filter kernels as used in the

i ndustry, the filter kernel for sub-pixel 216 would begeadiblek 2004 Mage,
flipped left-to-right of the kernel for sub-pixel 218. This is true for
all the sub pixels on the right side of symmetry |line 220, each having a
filter k®OMI09B4at is the mrror image of the filter REXTMABI2IR610an opposi ng
sub-pi xel. In addition, sub-pixel 222 has a filter kernel that is a mrror
i mge, flipped top-to-bottomof the 30 filter kernel for sub-pixel 218.
Thi s i sSyainmldsrimﬁaeﬁtteﬂtametshemebﬂgrfﬂetslttaehedﬂ% BetAculfddome thssimagiky | i ne 224,
each is the mrror ima an_opposi ng_sub-pi xel filter._ Fi naIIy, t he

Cfilter Qs Sulh-piKels 2%@2 |Q>3342322%61 #d 2385 Iy this casenyyish 2 repsab pkpimOL 4, di agonal |

of the {i H;ﬁm% I i xel s on
t he upptferhéxlﬁgﬁ& %il)})r%rfgdtefrg% d%%gs f]s;hglf ’Eﬁcxfefn t?%tﬁlgcélrﬁghglm%%ﬁ&al mrror
i mages torfﬂlptbmgtﬂ:lﬁbtcellcslamﬂ fﬂlthe od ddfpombkxesFbsicnay tieuswepl x edpedticeli r. 35

Finally e.filter rn n the di agonal .are.internally diagonally
 symmet rqdleattlgl lie}%’i geﬁ’tjt‘ %WP’&“B%@GRP& §81%n di agonal |y opposite
sidgs of symetry |line 230. An exanple of a conplete set of filter kernels
is provided further e| n to denonstrate all these 19 26 Cctober 2005 WO
02/ 091349 PCT/ USOZA,; fe] tries in the filter kernels. The only filters
that need t £ _cafcu at ed dre the shaded in ones, sub-pixels 218, 228,
232, 234, 238,7and 2382 In this case, with a repeat cell size of 5, the
m ni rum nunber of filters needed is only six. The remaining filters can be
determned by flipping the 6 calculated filters on different axes.
Whenever t heyiZeisQhe @ddraea%dﬁagttdfﬁlereﬁtqnceﬁ%dt\%@tgltﬁctqﬁﬁmaﬁterm ning the
m ni rum nunber of filters Is: --- 2 Were P
is the odd mquoaﬁuemequmd of the repeat ceII and Nfl|tS is the mninmm
nunRer of f r uired. 15 E 34 .|l strat S 81 ;exanp of the case
V\/I”I?rge t he rg%% 2,[4 111us ?téanz eexa}n Peofthe cathwhere t'ﬁFrepf:atc L51ze 15 Bvon. h‘ge d to be
cal cul aahgcﬁlersethith;eecsﬂemwcmate@ﬁleshe mttbdm 51&43,55118@%1324@,,24%@ 244. In this
case wWi.th.a repeat cell size of 4 y..three filters t be cal cul ated.
WhenevdP HP%@SG @t@ér@FattCﬁ]z&F%‘ﬁfe“a‘tm%@F Hltersagushbe ‘taif@{aﬁén Pevehiful a f or
det er mispk BPthe Rge A cBll FREVER YRR her@f forrhilh 1@ WstelnSning the minimum number of

filters is:
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2 (3)
— 14—
Neven = 2_—2___
2
Where P is the even width and height of the repeat cell, and Neven is the minimum
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
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2(1+2) Neven = 2 \Wiere P is the even wdth and hei ght of the repeat cell,
and Neven is the m ninum nunber of filters required. Bgtowshdaaod FIG 32,
t he rendering boundary 208 for the central sub-pixel 204 25 encl oses an
area 210 that overlaps four of the original pixel sanple areas 212. Each of
t hese owsrezappssng areas is equal, and their coeffici etrasouéioadd up to
one, so each of themis 1/4 or 0.25. These are the coefficients for sub
pixel 238 in FIG 33 and the 2x2 filter kernel for this case would be: 1/4
1/ 4 51144 hsfurddd {0ithie S GF Etd@iton tabihes WrwhysahotBdiBrepdat fliGast 82 cage devel oped
in FIG 35. This sub- pixel 218 is bounded by a renderln area 246 that
over | apgthraddiionsd sample argas 248 fipvegan. nhhwse calquigélpn%aaﬁmrmﬂ@tp sthe48. Al t hough

this syh-ni it 20 26

oot ober SO0 N Dok auk a0 HBREPLEY) WORRREL WAL JBRERUE N 1 oo G

cal cul aiescdbeddbave tBaeamse i:es:ndainmem 246 ofokses thrmmplecaedah 24Blskizédedlyedge with
addi tion oyerl a These ons e conpl eted
for thdad| j'éer‘?é’F g’%ﬁﬁﬁiﬁ ‘%‘X‘S’E& fsapsiie ?’81‘15331 R}?}fj}cwniﬁe ndled with a
di fiber epéfrivmitae cﬁ@ulat&?%qe!s@ﬁ)gd B the BRAY §£:h’iﬁ‘ﬂ%@ Sfuhfhard RPerdd6 Crosses

t hree sanpl e areas 248 horizontall and three vertically, a 3x3 filter

ker nel byiendenng aprac4s sapsasesd hesl lengdividedy the totdljntsiaofirendering erea @4@oef f i ci ent s
are ca | e area
cover o ighg %ﬁ%%ﬁ’%%%é@g%éﬁ%% B B o I OB BT P ot
area ofsamldc\ areasi 248 abalbs tRAGcoeRirialeraravgroa rRead 2ty MG netrlapyde hgger t he upper

|l ef t, r i .. Lower, |eft r.l rori ht | e aregs 248 at all so
t hei r 8% rfafl‘ifngﬁesleé?fﬁn@%%asqf@%ﬁéﬁwgmﬁ PROZACA A6 SApper  cent er
andsm gieobfBitibnts AeN/E. Ref@Ping48a D36 &/eﬁapsQﬁe éeﬁ%r Ezﬁﬁ ar8d 2R tyfhd €nderi ng
area 246, so 15 their coefficients are . Rendering area 246 overl aps

t he ceﬁfeéﬁestmlrt@naw@ah 343/16y. fally @n@@psgtea@ﬁépwkapaﬁhe mjddiecight s 11/ 16d'
Fi nal | A t
| G0 05 240806 LBl a0l om i

or der pekutests inthe fcﬂloﬁmigawiﬂngntfdefkarmlent filter kernel: 01/80
1/ 811/ 161/ 32 01/ 320

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
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20 Sub-pixel 232 fromFIG 33 is illustrated in FIG 36 with its rendering
area 250 overlapping five sanple areas 252. As bef or epgtidheotRertoons of the
area of rendering area 250 that overlap each of the sanple areas 252 are
cal cul ated and divided by the area of rendering area 250. In this case,
only a 3wd d2icbizer kernel woul d be necessary to hol d alpcTiosenzewef ficients,
but for consistency a 3x3 wll be used. The filter kernel for FIG 36 would
be: 25 1/64171640 7/6437/ 642/ 64 000 Sub-pixel 234 fromFIG 33 is
illustrated in FIG 37 with irts ng—ar ea 254 overl appi ng sanpl e

1?@4I é‘Z fg{'

WO

areas 256. The coefficient cj I his would result in the

foll owi ng kernel: 30 21 26 Otigber| 2005 02/ 091349 PCT/ US02/ 12610
416414/ 640 1416432/ 640 000 5 -pixel 228 fromFIG 33 is illustrated in
FIG 38 with its rendering atfa 25% overd appi ng sanpl e areas 260. The
coef5fi cient calculations for this—case-woutd result in the follow ng
kernel : 4/6427/ 641164 4/ 6427/ 641164 000 10 Finally, sub-pixel 236 fromFI G
33 is il ustsubtpexg] 228 FdniFIG3 33 W illistrated in EIGI 88 iwith itefepderingGrea®BBr | appi ng

- sanmpl e areas_ 264. The co6effi Cige?%[% calculations for this case.wuld result
in  t hOVPOMPIRG SAPledrsaeP00. Jheaorriiviont cegulations oy tiucpss Wodersil imiie s concl udes
al |t heomdhpugmaunber of cal cul ations necessary for the exanple wth a
pi xel to sub-pixel ratio of 4:5. Al the rest of the 25 coefficient sets

can be  constructed by flipgi4g tiH5/@bqviésdsix filter kernels on different
| axes, as described with FIG 75 T27768 [ 1/ea
0 0 0
10 Finally, sub-pixel 236 from FIG. 33 is illustrated in FIG. 39 with its rendering area
262 overlapping sample areas 264. The coefficient calculations for this case would result in
the following kernel:
4/64 | 27/64 | /64
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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For the purposes of scaling the filter kernels nust always sumto one or
they will 20 effect the brightness of the output i|inmagegdibsrbgodrue of
all six filter kernels above. However, if the kernels were actually used in
this formthe coefficients values would all be fractions and require

f1 oati ngwuoizwbisgr i thnmetic. It is conmon in the indust wpyriggoauéivi ply all

the coefficients by sone value that converts themall to integers. Then
integer arithmetic can be used to multiply input sanple val ues by the
filter kernel coefficients, @ itlgg asTghe—total 25 is divided by the sane
value later. Examning the fiil'ten "kernel's apove, it appears that 64 would
be a good nunber to nmultiplyigll |yhe cpefficients by. This would result in
the following filter kernel (for {sub-pixel P18 fromFIG 35: 22 26 Cctober
2005 WO 02/ 091349 PCT/ US02/ 12810(8 8 0[8 44/ 2 020 5 (divided by 64) Al the
oth filter kernels in this—T Tal stmlarly nodified to convert them
- to eiglfnt egers for ease of cal cur'@ﬁl%ﬂ.ﬁylt) is especially conveni ent when the
divisor is a power of two, which it is in this case. A division by a power
of two can b onpleted rapidly in 10 software or_ hardware by shifting the
Pesul t 1o t HFGR e ing § gase gande;syrpilarly madifiedity ppuvery thein g t s wi I |

di vi de iﬁﬁéG%\@élfor bdde GPEHICBSbY, R isCRPETRIIS c@lvesibARFRh thelidfdl 8% foRlePbs | MRYE foOr mat
called XGA (which wused to stand for Xtended G aphics Adapter but now

si npl y WeawzchidB4n #E8gash ol divisios byadgionenef tea gavigsrompleted rafhdly if or mat  can be

scaled j n A1 1 an n f FLG 15 1 hat .h 00 by 1200
el Gl SPA R @R RAERIISIRE 0l efl 3F I calio SR B e 32)Y The
scal i ngritewilt divslaplbéng ratio of this configuration is 16 to 25, which
results in 625 unique sets of coefficients. ing symmetry in the

coef ficient Bl W‘%ﬁﬁﬁ@ ar‘? spjay rémf‘%";@&’?gﬁ‘lﬂédgﬁ%é’(@‘?h But even
this srmd 8 ktabdioh Kierdbd Gidphies RdapRy bek 136/ ﬁzﬁﬂw?aeang m@%@yhasg@m as

descri bed above. Instead a conputer progranm (a nmachi ne readabl e nmediun) can
20 aut Gaias o] H8rews This fegmat cambericrled foalisplay ca ap arrpreement 380 Fl.oduce t he
setg of 16 { ol L. gl ' LS. HUsed once to
gen%r atlgq%?%%slb]l%ggg# ﬁolof}?%r eereﬁgﬁét&#grﬁ a{gﬁ? 6 (%lﬁg\/%)r?%&%?p gﬁ% et{r%rst hat table is
used by325 CEieiscajing entesamplingsmafié vkihis configneatioe & 6ns B3, twidchREMts in 625

unigue sets of coefficients. Using symmetry in the coefficients reduces the number to a

more reasonable 91 sets. But even this smaller number of filters would be tedious to do by
hand, as described above. Instead a computer program (a machine readable medium) can
20  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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(Read Only Menory) of hardware that inplenents scaling and sub-pi xe
rendering. The first step that the filter generating prgarasdinsds conplete
is calculating the 25 scaling ratio and the size of the repeat cell. This
- is conmpleted by dividing the nunber of input pixels and the nunber of

out put swo eeesks by their GCD (G eatest Conmon Denompaatused126i8hi s can al so
be acconplished in a snmall doubly nested | oop. The outer loop tests the
two nunbers against a series of prine nunbers. This | oop should run until

it has nidesSteaslthpi hetBSardsoup t@Ro@swilleosiflbeful oh@for Opartii@arebmbin@ionof the two
pi xel counts. In practice .30 with typical screen sizes it should never be
necessaPyinpy ang eyipE §HaPHsEzepr i nes | arger than 41. Conversely, since this

I ithmisy,i ti ' . i ne" d of
i e the oufainpIagRet oo AF0 RS depishiq (i Rce, B fo ASnsBRECT°
ridi cul ewslyydivisiblgdy theypnioe; thep theyres bathdlivided-byrthatrpgme Fhd the imayr lbep wast ef ul  of

CPU tine, because it would do.23 26 Qctober 2005 02/091349
. PCT/ USO%?DPQW@I%P@HO&ﬁQtQﬂEﬁGH@C @é?"?,‘mﬂg‘?@%@%ﬁﬁéﬁml d only be run

onceg f OWin BRI dutef lbbA ferBRaRl, TR fe@Rining smb M RthbRN WAV P blfecB 6l £BRn S| Z€S. AN
inner |oop tests the two pixel counts against the current prine. If both
‘count s @vided gy thgIGLLY | Thedwi inambsrs wikbashe Teeale ratienof the pwepizgel Bas. di vi ded by
that prine and the inner | oop I; ntil it is not possible to divide
one of the two nunbers by thafk%%?ﬁ%&gggyﬁ' 10 When the outer |oop -
term nates, the remai ni ng snB2d:640etoencs W 1:2 have effectively been divided
by the GCD. The two nunbers ):(\éfl{gl e the "s%gle rati o" of the two pixel
counts. Sone typical val ues: BDECWUD betdnesl: 2 384: 480 becomess: 5
5123640 becones4:5 480: 768 bsLoseeconcs40:4824 beconmes5: 8 These ratios w |
be referred to as the pixel to sub-pixel or P:S ratio, where P is the input
pi xel numerator and S is thet®ii$8ppesaates denbhi nator of the ratio. The nunber
of filter 20 kernels needed o] a repeat cell is Sin these
rati os. The total nunber of %@?ﬁ%ﬁgﬂ%%gge '?s t he product of the horizontal
and vert i cal THssewafiasedll bé refatatios bs the pixelhe subepingd or P @At ehbre @ds her een si zes
t he hori zontall and verti (:a%h relf)eat att.ern Ogi zes. W lJ to be

SR e

T dent | cEPOCLEH pRETY AR S B e r P ar RRun P oy Teastba dblen S {ap o

aboy®, RerfdOxARD aciobB@ioRaiatghesiCR]! &5 inGhale AO3G XTMRIoEBMIIbefofBinElsX has a P: S

ratio of 5:8 and would require .
- needed is the product of the horizontal and vertical S values. In almost all the common

VGA derived screen sizes the horizontal and vertical repeat patiern sizes will turn out to be

identical and the number of filters required will be $% From the table above, a 640x480

image being scaled to a 1024x768 PenTile mairix has a P:S ratio of 5:8 and would require
25  8x8 or 64 different filter kernels (before taking symmetries into account).

- In a theoretical environment, fractional values that add up to one are used in a filter
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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25 8x8 or 64 different filter kernels (before taking symmetries into
account). In a theoretical environnent, fractional val ygOdibsdr2e08l up to
one are used in a filter kernel. In practice, as nmentioned above, filter
kernels are often calculated as integer values wth a divisor that is

appl i ed #Geowasds to normal i ze the total back to onePCRusési2éipportant to
start by calculating the weight values as accurately as possible, so the
rendering areas can be 30 calculated in a co-ordinate system | arge enough
to %SS%Ecalokmﬁaﬁ@sﬁt%hp%%ﬁ%ﬁ&eﬁfa&o&xﬁ'%&ﬂ@déﬂdaﬁﬁ%ﬁ &RERAN9G adRhown that the
correct co-ordinate systemto use in inmage scalirng situations is one where
t he si zatt senpikelpistalyriyx equal to twige te area of heomtgmﬂpmel of2*8LtThigis deb pi xel s

'~ across en e Si.z ut pixel equal the
number @T’m i :%ﬁégﬁ ‘J’éﬁldsth%{@%geuss asrtgeg Omé%afqr Oic?ﬁ‘?révefél?@%'ﬂ?ﬁt er-intuitive and
- seens backwaimdstunkely, sxtbeibond falld ms@merapﬁzpa@@mitbme&happemmﬁ pi xels to

640 with a 4:5 P:S ratio, you can plot the input pixels on graph paper as

: 5)65 sql}ﬁ?‘&ﬂaéﬁléilp??%@{eﬁﬁfama?&lﬁs widbiptinges thheight divided by bvpands . Thi s :IS
t he b e foaB obn RicalPldlbs AT, GHEaSetae B S5 S R BIEE RS 1960

this cdhf&)lprdmal(@l@y@sems ninépkaddy twb. Thie nukesrtbewlinghap estfulémeler i ng ar eas
center r u ub-pi xel s is always equal to twi ce the area of
an out puttep%?enxénf&?re a&’%&* His is the mninmminteger value that can be

used as t he Nigniol¥ineaisiy 0fdedilld ha¥ lavi egHt filten kerad mikBed ITh tHaakehple as the
di anond falls a ross several 1nput pixels, it can be chopped into

t ri ang§PEPletad by dand ghoze, sprag ofghe Bliqrkerplyiverg 4x2; speyica ]S,xthnﬁggleqs he hei ght
di W'Sde(ivcl?é’ 34300r1R '?éiat%v% shebd & tﬁiﬁlﬂeﬁt Qnd! hﬁtgﬁtgm@ NarddHoGaRs d1 g(%ga' n.
S0 e pro

Cal cul atlngtwcethe ar ea es t fem so am cal cul at es
ar eas nendeiipg dreas day cropseacdther, mquMeum@ iz meteégier filter

| d | h
et S Ao 0 e B B B B O 5,5,
filter ekdrinphtpinebies., 20820 5aME3))eL2 B2 kanel botdnes possible. VMSQN&XCB The

relative sizes of the jnput a ut put pixel s, and how t he di appnd shaped
render ir‘?%“rﬁi S Bardware (g ’6‘3’5‘3‘%’3& [F“ggﬁ‘etge g gPaRONS Detfs then Rriek A% sealinger  ker nel

Si 20 NeRESHhe resWIAR imSeRhpnSs th@agﬁ%efﬂeﬁ’é‘"o?%r ﬁ%dttagét pﬁay?e ARhe than two
out put sub-pi xel s"across for each input pixe 100: 2017 or 1:3), a

-]

2x2 f| spadial esw&é@ﬁ&é@s p@%&)ﬂqgre@resw@wmmrp ﬂdé@:ﬁj-‘iflﬁ@n}’ fatparedr dware to
i mpl e £ scal ing 20
i hco Ebter eBelpalil ol JRGR S Bl R ARELE BB PR P2 "D o et

pi xel , appereit msoilguors pkeating thé Neqpu&rlnmtawelhlmolmsn thesrti Priposssching, represent ed
0 g RS e TR ARSIl B GRP2L ° Lreere
cheat i igerbbletiddy atitept the biinewpbit cloaRdBdbietidntige plidse edtrl Or art scal ing
. 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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algorithns either limted the scal ed spati al
limt using 25 interpolation, or kept the sharpness, buk cdgsiedos

obj ecti onabl e phase error. Wen scaling down there are nore input pixels
t han out put sub-pixels. At any scale factor greater than 1:1 (e.g.,

101: 100 WO R/09334% he filter size becomes 4x4 or | arger .PAIUSH12p10be
difficult to convince hardware manufacturers to add nore line buffers to

i npl ement this. However, staying within the range of 1:1 and 1:2 has the
advaht age t [Ratallyaldgringthe kernel feaysightGrahics B nownsdrelntk tadk of dalculading
Fortunately, nost of the _cases that wl| have to be inplenented in
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02/ 091349 PCT/ USP2/ 12610 5_Fi nal L&K cal cul ating the kernel filter weight

val ues ¢ ‘-'145%- @}ygpg,c@pp%{gogfhn@ %GY“&Y?WOWPH%WH‘@&%“Y(%"F pEd two) of the
3x3 1 nglan lﬁighl%ahﬂﬁés t{wﬂfﬁrtﬁce&t_ '?ﬁ%@é%&h%cﬁ}a%ﬁpﬁﬁe&%&?gs unt que

fe ! aréi is BRCH
(non symmetrical) location in at cel This 1s a very
st r ai ghwéibiciral fdr the comiespondipg el okthe itter Kesnehved lsarhplo waipatdrontibisipratmarnr y.  For
each fi.l t,er E}e nel, 3x3 or nine coefficients are calculated. To cal cul ate
each oflsffhﬁgm Sg)?vfi cients, a vector description of the 10 di anond shaped
r entber iSagrca pixel sesol@®meltas ed. This shape is clipped against the input pixel
area edges. Pol ygon cIiPp,i ngzal gorithnms that are well known in the industry
are uséeistnatipp sih-pixelreselution 1280 'nes two) of the clipped pol ygon is
cal cul afcehe iftpisuesul ting area is the coefficient for the corresponding
cell of the filter kernel. A sanple output fromthis program is shown

bel ow. Filgr saubwe aggiallalivideddy206i on 1024 Destination sub-pixel resolution

frequencies to the Nyqui st

In

1o or TRIAR gl el (upy ekl BUCEE P08 511 Vers generated her e (o
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4 68 0165603636 0561600 68 4 2814885612809292 01285608 148 28 00000000
00000 0 O 161084369206464 0923604 108 16 161084369206464 1942p0¢0s5108 16
00000000 00000 O O 2814885612809292 01285608 148 28 4680165603636 0561600
68 4 00000000 00000 O O 008044 08 0 00 8 0 27 868148010810% Q1486808 176 32
F 1320 Ow280/04846 0 2840 0 32 0 1- j 19 -] 26 26 Oetoivses2/12005 WO

02/ 091349 PCT/ US02/ 12610 5 In the above sanple output, all 25 of the filter
kernel s necessary for this case are calculated, w thout taking synmetry

| nt g accounty e S B¥Bub@! atl Mo AUAMIP Rrhnbeshiyor 9L LA eNts and 1o,
verify visually that there1s a horizontal, vertical, and diagonal symetry
i n t he chlchkted, wigonghlsng synithegentoepesnt. Jhid alowifor fefeaaminamgd sheand cor ner s
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coefficients is used in a filter kernel, as is well known in the art.
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area 12Q_to autput sanple area 52 for .each sanpl e cqrrespondi ng out put
apl & O 5PRTHa 4nd SR iR SR B S SR P EPEEvs FIPSETEA o5 an
array MH@uRimaeEPiSqRs) wHich s alseRell kit in eefa8C tihy sl sMRb&amigads 120 of
FIG 21 overlaid on the blue color plane sanpling areas 44 of FIG 12, in

whi ch tcRefficisaipisiasimple materpf paleilatmgthe prapogtional pyerlemareasof gapus pat i al
resgl Utsﬁrﬂﬂe Gfeh S0 tg%ﬁtpﬁps{ahﬁ‘r‘fé A& for each sample corresponding output sample

point 35, using means known in the art.

g

FIG. 23 illustrates an array 108 of sample points 122 and their effective sample arecas
120 of FIG. 21 overlaid on the blue color plane sampling areas 44 of FIG. 12, in which the
sample points 122 of FIG. 21 are not on the same spatial resolution grid, nor co-incident
20  with the red and green “checker board” array of FIG. 11. The method of generating the
transform equation calculations proceed as described earlier. First, the size of the repeating
array of three-color pixel elements is determined, next the minimum number of unique
coefficients is determined, and then the values of those coefficients by the proportionat
overlap of input sample areas 120 to output sample areas 44 for each corresponding output
25  sample point 46 is determined. Each of these values are applied to the transform equation.
- The array of repeating three-color pixel elements and resulting number of coefficients is the
same number as that determined for the red and green planes.
FIG. 24 illustrates the array 110 of sample points and their effective sample areas of
FIG. 21 overlaid on the blue color plane sampling areas 123 of FIG. 8, in which the sample
30 points 122 of FIG. 21 are not on the same spatial resolution grid nor co-incident with the red
* (red reconstruction points 35) and green {green reconstruction points 37) “checker board”
array of FIG. 11. The method of generating the transform equation calculations proceeds as
described above, First, the size of the repeating array of three-color pixel elements is
determined. Next, the 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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20 with the red and green "checker board" array of FIG 11. The nethod of
generating the transform equation cal cul ati ons proceedgastgesoondped
earlier. First, the size of the repeating array of three-col or pixel

el ements is determ ned, next the m ni mum nunber of unique coefficients is
det er m new 02ands% hen the val ues of those coefficientspbyusdrazqaooportional
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det er m_ned, d then the 35 values of .thgse_coefficjents by, the
oF opor (o Sielreaa (oo RRie TEr B b Ba Ly BIgSTEvEhFin U BARY ar cas 123
for eaq. s34t 85N anHhRInPHID MK a1 SA TN, Paidi 144, 6?1@8,3@5,%@5@16@5&'86%1& kggh of these

.. values are applied to the transform equation. 27 26 October 2005 WD
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prior aolorplatiz 18l. To project an image formatted according to this
arrangenment ,onto, the three-col.or pixel ele illustrated in FIG 6 or in

1
FIG 10t hd TaSorm Rt I BER HnDe rat b ol s HOR BHATPEE i S c orent of

the r egresaiteEi FIGS.S, Il e 5 Honi B6 aRHHEEIIRBd RRER! Thd SethbdsUBdthadeed i n the
arrangenent 12 presented in li)l’l or art FIG Th ed, green, and bl ue

2. e r
r econs teerceutlingd gboviscan bey bycesicuiating fe cogffi¢ieninfonthedmasiorn here is a
homnphzo oa ) : ' L QL | hawel , et
a0 1 o, 2P R 7o 0B R dal Bin i S R B e MR 2™ ot et
No. 6, F&G, ZGHustpice the effentia¢ bamnme aree 12fisddhe rad calenpidne op BlhBovBilaibon and 7 wit h
sanpl e .areas.. as_showny.in prior I for the re ol or pl ane 14,
oo AR otk 2 e el P FE 1 e Pt Ml e S B S o
t he gr ¢eRIG. a0 has thoptaareixkBlevd (fcpaun ahigresohdionts thdaremlperndbm i BIG. 6and be
genera ' enent s, preslent ed in FIGS. 3, 4, and 5
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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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been outlined above can be utilized by calculating the coefficients for the

transform 20 equations, or filter kernels, for each outguciSRIPHE poi nt of

- the chosen prior art arrangenent. FIG 25 illustrates the effective sanple
‘area 125 of the red color plane of FIG 3 overlaid on the red color plane

sanpl i ngvreassg? of FIG 13, where the arrangenent ofCr@snamitdters 35 in
FIG 25 has the sane pixel |evel (repeat unit) resolution as the

arrangenent in FIG 6 and FIG 10. The nmethod of generating the transform

equad | OstedaEleadt iabiit eNBpLP mes 2ERDVEEd Bibrefldpiay e d6@ReMAsurdd 4l thent he si ze of

t he repeat.ing arra% of three-color pixel elenments is determned. The

mi ni mundividesbest thefot ﬁﬁea@%ree@?@paﬁ@a%ﬂ{@n&p@mﬁ@h the ble sepRME BIP2RBR i ng t he
symet r uﬁliy%v%ﬁ%p% f&ﬁ%?fhe%)i indi P51 ark 1988 (D& 'iHE%%Fﬂtérﬁl&ﬁa wifgbd cients, Dby
t he proportional® overlap gt i'nput sanpl e are€as 125 to output sanple areas
52 for eeafficicosof &dpdheleight other plue outp piebargasi 270 afdbtheis gebategical ned. Each of

t hese val ues. are. l.ied.to th ransform i qn. 30 The.cal cul ation for

the resRlEpEriag: it PReinfputshehRgh bR sern Tt 10, B SEBEFRE 1 G 4. proceeds
i N 8y Sif@alishipBBNEBE resilithg £ilRPs &6 bB UbseSRARI tBe Hrhddirita afitigah@fs &y 180 and the

green input_  sanple areas 127 -are offset. FIG 26 illustrates the

ef f ect i Yiginghpiptldogndages 2/4 m epch pyputipisgbareadilor pl ane of prior art FIG 4
overlaid on . I ﬁ%’. ' . i El 8. FIG 40

il lustrates I%%%%#%Fﬁ%@'i&wg’l aﬂ%ﬁlp at (l[:) rr elg-%%ﬁg%g‘%%a%%&r e i and green
exanpl eken@E. Thiskpragram RunsSatipl te venyeanilé 6 thepfeg@m B0 gémsratinggdand | nstead of a

~dianond _as Jd.n the.r d reen exanpl e....Th er._of original pixel

boundar s Akt pbe B s R S B0 25 e it 1T e at Tt P

bOUIBjarth@ﬁdaﬂcﬂgreéﬁBan% olrit 3% 81, SueQinG Mok the DR IeRBriflLH6A W Be RAEOr €, the 28
26 COct ober 2005 WO 02/091349 PCT/US02/ 12610 5 area of each input sanple
area 268 Yy dFaveevery the ssndering fiean fas gedzed gresn prsiamand shaped andedse thil§ vi ded by t he
total ggea . o) | t ling area
266 equal |a§&6‘{3§$ﬁ‘§5§&?‘§3{°%%53%3ﬁo@?B@Jr’%ﬂg. Xe egghreerg&?eg%%?ea}ggﬁl ting in a
2x2 fi lieddgeeenahd vt hefsame widthoeilheighewhish wiults/id sev@fabeapivgpliet ot her bl ue

band ek _ o bt ot her blue
bl PSR S e n Rl ihR o VTN el R EER 335 B onchi s of

t he2(r esAlbd the gepbit lcklbsige abiub @ilDRaaaNeb: identichiao Serupif dell dize for fangament s of
original pi i xel area 270._Ln nore

_ I xel boundaries 274 in each_output
conpl i A% dé&%?é‘ ,eﬁlu‘éﬂﬁ‘fﬂﬂ‘eéﬁ %@‘P’&ﬁ??%‘elﬁg%’&?fﬂ%ﬁ{@ra@%ﬂﬂﬂ}?jé filter

- ker nel gpixdih SubPfiRdy b lsWolSled Yor AP, ¥ 8hidh o2 foffed bohliE4:BFQIr am for
generating red an green filter kernels. The blue sub-pixel sanple points

33 in i Hpweygrdt is\ihe®nymber fythis ijotthad detemnipesdhe wpeaherll speapdhthebifpl e -poi nt s
35, 37, ' t l. i PN i, C as w de.
Hovvevern,0§% %eg ?té’kgg‘#'%ﬂ%g g%ggvsep’flor © ?@gﬁ%@? gﬁ‘ éaﬁéltzl)rb\eéﬂdk i13é@§%ﬁ%%§18%ad and are
thuy tivanceidasnaliopémerstidoitbat el doge. iattiv easef the tveemmibersfad tidescan i s nmakes
the re rb?v%e'd%? aual1 rar?cﬁgon%.{ 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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red and green and blue the sanme width and hei ght which results in several
conveni ent nunbers; the size of the filter kernels fonsgddisherrbds be
identical to the ones for red and green. 20 Al so the repeat cell size for
blue will generally be identical to the repeat cell size for red and
~green. B¥QH813he bl ue sub-pixel sanple points 33 ar @CEYEREA6IPW ce as far
apart, the P.S (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 nunmber in this
ratio tHevewstbetamearesrytoier capeab! theh bhrestaggeredihlf dfaftein eightwgt orclownged by

doubl i ng, Howev. if th i pator .h to be divisible by two, th
95T ofie SHGEIODHAR COBRIHe by R BT ISR AATED (PRt lis e, the tao
nunber sqduBled BbiRnGaR REwewdt e S Tbwhve Rhcesid inhd LRBRHISRAMRE tPhroduitd the FOT

exanple, if the red and green P.Sratiois 3:4, then the blue ratio would
be 6: 4 eamieetilieakertrds:si nplified to 3:2. This neans that in these (even)

cases the, bl l...Sl-ze_ Ga i EE: ; he .total nunber of

filter ker‘1 geqﬁge{af%é&%%eﬁfe:%hvs\? tlsolif%ﬁbuar 4 rgﬂéagﬁeeﬁrlﬁlet a fe(ﬁ% rﬁl?se e%%d gr een.

Conlter sel y, staggersd, apddseritieyt abdveal gl ihk botemaOardrrohaotthablecdeitgntor it 1S
possible to ] eave the hlue repeat cell size identical to that of red and

 green. The gé%@pqafwgivg&nua}beqsisfa{tg}g "Tég’rzt‘?’&@s\ﬁ“g?g HARerepaiprallsiees

(quadr upl i cafiggsopactual ly) but will work identically to the red and green

set of filter kernels. Therefore, the only nodifications necessary to take
the red aRH Qyrtbeevenicoluaps jadhnetput raggr thediberelinthkespeat celbareearest 45l ue filter

kernel s was id. OI‘htg%lﬂ% b BJ% réﬂégiecreﬂgxgé 8?&]% Blgﬁlé r%o%a&%t% selggfs \g%gh ?Ol{k;inge the

rendering area to a sciuare I'nstea w consi dér the
ar rengenment offhediltefietel &t andethembluleintbaepat esllesie of 24 X0fo-brdfBated. This is

simlar to the preyious e l.e L.n that _the blue sanple areas 124 are
squar es. 29SQ%“&‘E%‘B@?%@%@fﬁ%@ﬁgsg@?w}‘%lo 5 However, because
every ot hgy Guchdii dfput &y, ibsh@OaeHed tiat bo-efdidaRieForb@k@Btheup Or down,

the calculations are conplicated. At first glance it seens that the repeat

cel | size wmodulgef it dig ks 1eprahesl sizght Hie X co-prgingigdy teatrsl thesapmsib g pr ocedur e
has been di v/ t-Q,; ﬁ»ﬁﬂg& I t. [l I Generate a
repeat cell %gée?ltc% iﬁsg‘? erne’i‘l%?léeérﬁ?ftﬁ%?%goﬁkéﬁz&gﬁ%%gﬂﬁgfﬁ% )s)1LE are not 10
st &Pgered, FG.descri bed above. Label the colums and rows of the table of

filters for . the repe cel.l with nunbers starting with zero and endi ng at
the repeat uiqeshER Piseffivie oo i bius B Hate bR a8 o0t put

i mage, stdggerfthd thisle 6f filter kB@els.ePeRHtmOALY thalR1CWekShlthéfase bfSa regdateamodul o in the
repeat cell size qf the output Y co-orﬂj nat e, sel ects_which row 15 of the

filter WEYREVesRmaenoh polmnsh I thiigaraboslihag peoddapaber elolungs.Aee of the X
co- or dirfRuR ariMthedte LhodRe<tBe V¥R c80And Bt tBe Mk Gdl thi bdEbnes thelohfr Ya1S®! ected row

- to use. 3) On the odd output columms, subtract one fromthe Y co-ordinate
" bef2dr e thestingygTherpgore, 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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nodul o of it (in the repeat cell size). The X co-ordinate is treated the
sane as the even colums. This will pick a filter kerngloddwrt 200 correct
for the staggered case of 20 FIG 9. In sone cases, it is possible to
performthe nodul o cal cul ations in advance and pre- stagger the table of
filter kaoelsizatnfortunately this only works in the easasafizeior epeat cell
- wWith an even nunber of colums. If the repeat cell has an odd nunber of
columms, the nodulo arithnetic chooses the even columms half the tinme and

t he s0dd onegiltdpRer@éil &ir tiead Hex@fondaiPBEng 48R -12T BANR;0eated i heCsalneul at i on of
whi ch colum to stagger nust be nmade at the tine that the table is used,

not befasPapisiael wavien Jias Jescrits shaver withdamendsfegandand 2snoF SRS {6 and the bl ue
sanpl i ri)(i’uel‘?‘rﬁ@%eqhgﬁ%oireasQe%ﬂ&aﬁgr}ssanﬁ'ﬂ{y é%roft)%ﬂtap@fllﬁéesg}ﬂ{ﬂ?agﬁnsc ase wth the

addi ti onal conplircation of ago sanpl e areas. t step
concer rwitigh¢ hesmsntiey sporsxedssis hpasureal. divdovivinhiely, wixmrusiog the sbghtBOvigemer at e

| vector lists of themin onput er. ogram To bhe nost .ac e, these
" hex agoﬁ?xagﬁﬂ%ltsall%h% %‘faﬁﬁf?l’g}eé eﬁgﬁ’ﬁgﬁﬁgm%ﬁé’%?m?sﬁéﬁeeﬁﬁ??X%er’be regul ar
hex@gonRgen WheLABI bebiden tHR's0Mng ¢ATbs 88 lad PO, AQAihews et iftdeustrate in
FIG 41 that these hexagon sanpling areas 123 of FIG 8 are 118 w der on

each sisadingfatip is hetweepukif andshihibie ikapebyieeauill by 4x3. Apetwcentsppling spsiodatl  bot t om
edge of,. l.ing . 3 nd t han
the -t op bl BEHRORRRATH AL uPloERh AP Rl hONER LSRRI OO0

t hat t haecak@Xhge thesamp heiglg as the eqmrd 2phing arkine? 76 dwprettiealgire ofitheffilter squar e

sanpl i n% afseas .27&. 30.26 Cctober 2005 WO 021091349 PCT/ US02/ 12610 5 Filter
ker nel e} TeiEsthR 88 nal sanpl i ng areas 123 can be generated in the sane

geqmetri cal De@pﬁghm%md%ﬁw@@dﬂ@p@fﬁd iMdk Bs difRa@adsiskebuilged and green or
.squares for blue. The rendering areas are sinply hexagons and the area of

over | ajaiwaterfe peocawstellss flier kainels, So1s soryneasmrble 14 mParxpilters 8 i s neasur ed.
o 0t GR84S 25 123

the size' o e sone S ex a ter, 10 even when
st ayi ngolotomisgnssitie Woed thegpaling iats isdfetviseft 1drmid 4:52he sinark yaupdinglmas t hat i f

the scali tio i etween 1: d 4.5 the kernel, si w | ] be 4x3.
Bot weorl 24 e5FichS arerd i e oz e whch O o FloR i BPindss ) 1 e
3x30 ( had €2f ihamdaespiia® hbhgohe yagslinglarda 178 JIRIG. Sdireakd inP3 @ fdeihe same

hei ght as _the square sanpli ngarareas 276 the vertical size of the filter

‘ker nel §rerasPaPRRiredn & Wigay, the BargRuare gommains FEPIER &St BROBING'ABFIG | | ter ker nel
|'s not 1@g nilkilvhtenly nedds th be billt i oAb k26 of iRt {ALIGd e RIBAERSusbRd €7 Tilter

kernels, so it is 'not unreasonable to nake 4x3 filters a requirenent for
har dwabeildbiessfilicubis giexaly thisgthet ¢haggescal i ng systens. However, anot her

sol uti on i s; gassl bl g WS LS 586! ¢ AkhokiSuRBIEEHs b AIcREde? 5 the

square sanpplng area
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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124 of FIG 9 are used, which results in 3x3 filters. Wen the scaling
ratio is between 4:5 20 and 1:2, the nore accurate hexaggbodjgtb Ling areas
123 of FIG 8 are used and 3x3 filters are also required. this way, the
har dwar e remai ns sinpler and | ess expensive to build. The hardware only
needs towoanbeisis for one size of filter kernel and theralsgaréitohm used to
~build those filters is the only thing that changes. Like the square
sanpling areas of FIG 9, the hexagonal sanpling areas of FIG 8 are 25

st agﬁert?défﬂc[bnﬁv%inaﬁé bR hakab Psie 1D Qb SH ﬁ%ﬁi%‘@ﬁ}ﬁg@g}s tnS%e 2bRAEE Method of
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coef ficj ent. f ilter kernels be. cal uI ate hexagons
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easi er opftion Eveeihg 25618sd albkatced thhd Allttes ﬂl@k@@b&oﬁﬁﬁi&h@%ﬂ@b@@lﬁw ce as
big. .30 _In the case of the dianpond shaped rendering areas of FIGS. 32

t hr oughvahiss thahwotld Bhig stapdard “ee wisleatcadronhy-rereesies (RPMa) clheplraificdesi gned to
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resulted in rge tota as a ter to be divided by
| ar ge rlvmlbewisdlvmrll&ﬁﬁﬁnltwsbbeMedmthsfcﬂlhwmgr;mﬂured | n filter kernels that

were not e _har e _desi difficult. In
the case Ufo Q%ﬁg%te%e gy f?li\:@ ég?rrcgdﬁflﬁ%}ﬁuﬂ?g g%ﬁ@%‘g@ﬁ%‘%eﬁ%‘?l ng areas
123 wi |l maks bjerdtios @sdat yifline Btfofehidy thid®es 8ateiddacd ®Pt&: &ftnd he fil ter
kernels by even |ar nunbers to make themall integers. In all of these

cases, it m&@ﬂdﬂaﬁéhgéﬁséherﬁ%ﬂmgﬁ@k& way to linit the size of the divisor of
(e 1 o il o8 b0 ioP005, 003 BR300, FCTLLBGRLAROYD ©

coefficients. To nm er to
advant ageoudy £56. Ehiswillemaks thefiltsk surh o 2H6uf &bmthmettaas dongamBoatiof t wo. For

exanple if e filter kernels desi d to be divided by 256, this
di vi si on Opgl)m %%rP%%ﬁ%”ﬁ%n??S?ﬁ?%’ﬁ?\QE‘Hfddﬁtﬂé?{%}ﬁ Yht bit right shift
operati on3) Ooadsiangsealzh t@figdihg tnabifQeRt (Haateea 0 dnl1e.0) il Bikekdknel
coefficients woul d be values that would fit in standard "byte w de

r ead- onl y- nEHgipaka %WQWPH%FWE‘F@"W‘F@E{SOf’fB‘F‘%\ﬁﬁ‘iﬁHb?%‘WH‘Bﬁ e is used to
gengr ate fi bis6hitnkBldMindwhid the @Sy, rIPH'usQ‘eé&bEE\Ecceeﬁk 266 afe!¥ene. R €f erred

divisor is 256, it will be utilized in the fol rocedur e. 1)
Cal cul at e t hisagseseh gagfail W@Oﬂ?qrzeeand@u%¢mh§|demt9dbSteﬁtglgffbldm foap poi nt

arithnetic. 11§ nr S done of f-line beforehand, this does
Jﬁ s%v h
not increase g%%S}EsJ% © ¢1ar ware that uses the resulting tables. 15

2) Divi ded)eHdhe oy ﬁaamhefmﬁs ﬁydafeasdnainiy\nturgmoafﬁcmneﬁ thf filtehkernedaaker i ng ar ea,

then nul tipl by, 256. This wl| e filt mt0256ifall :
arithmetic ?cgdo&gﬁbémftrf’ﬁa@ﬂﬁ“w&m &‘ tﬁ‘@ﬁrtmﬁﬁl?“ eps are necessary to
bui2bd | nt3g€heck @ Mer 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,

I:

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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3) Do a binary search to find the round off point (between 0.0 and 1.0)
that makes.the filter total a sumof 256 when convert I Nt rs. A

bi nary search is a common 20 algorithmwell known in %eé(ﬁ%%g?%. If this
search succeeds, you are done. A binary search can fail to converge and

thi s canwopanzdesected by testing for the loop runningpefusiaessi ve nunber
of- tinmes. 4) If the binary search fails, find a reasonably | arge
coefficient in the filter kernel and add or subtract a small nunber to
force thendld pdigs, ab q;oﬁ%tfmi Bred 28or PgneR vefel 18 €6 chiter. FrinidBAy feQbndillgesPeCi @l case
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Five enfigiERe dpaootded Rt oaanis of Fisicn The By Peithnbsaet atmikgekes. dar a
format vk @E@Q&F ér?eo&'ér 0N 26QR B4 oﬁﬁ:ﬁf[t%@@l/elaf}%ﬁgé rsmigﬂgg&mpoi nts, as
|

t hough all three co pl anes were in the center. consi der ed

t he " Naffithestangsirisplayrarapgement wishhigeneeiio theidisplaogs We¢ pputBpmple JadpiG.Hg, vi a
subpi xel re i r i . I i anot her

Sub pi el cd i Eip o el SR VTl DL BIE R A0TSR BB laes “ 0Nt ¢ e
i mpr ov eten subagizel andéred, ynoehargh eeirbiegiade froinshe winasubh @ikel Andaediang t 0 one
enbodi ngnt ., it | (SS] desi rabl e éo 10 generate a transformfromthis sub-pixel
rendereséln'glﬁﬂ‘?s‘{J o atf‘ﬁsesnélrclc'étﬁlﬁ ments disclosed herein. Referring to Figures

1, @, 3, 4, When2pplicaichs 2t biteub@id ederbdRk: AeieuberNotsidd tgd above wil |
serve, 131 .ccalculating the coefficients for the transformfilters for each

out put SUBRIFSIFEdEES Fraphics andpbginetaphsyit wouldibe adfantageous i drtect e shpig!

ar r angegRkin i : 1 ' input, sanple 5 of
G b b B ol R oL bWt ST 2t g

t he codfgk toiteqmegulirofor thabscalingretio spatial dampling filtar ferach-sobpixelitendaregpl e poi nt  of

“the tar J LANG A res t to.the displace | ue i'nput
sanpl e %’fﬂﬁﬁgﬁﬁéﬁhl n aggéggltéo %Mg&?cﬁlga "3&’@8&“’8@%?’-‘“&%@%‘? aﬁ“ﬁ"@’ét rated in
FI G5 5,subgiss eentléred iexdudksdikb aviiad 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 Rea+ R+ R+ Ry + Ry = Gy + G,y + G, + Gy + G

| 35 Or
I R, + R, + Ry + R,y = Gyp + Gy + G, + Gy
' Then apply alternative spatial filter for subpixel rendering input
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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. x0OMbsn208p! 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 woendess ng and switch on the alternative spaticalussgirpioi 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 above. To buj £ we first nust understand what 25
subpylaxel rendere is?g%fff%g@i&[gsﬁ i ]gﬁérv\hat its detectable features are, and
what sets i tFoatharcssefwhem thaiext-isedpeddhbrervali de b eddationsidjeteetwéentistred ik pi xel s at

t he edges of bl ac d white subpixel ,.rendered fonts wll .not be l|ocally
col or U%WBPPOHPHEtO?B?f Gaeﬁjﬂo%?&? ‘698?"‘9’?@'{/4{_"5&3‘"3? PP {HE col or will
be neut‘pahss ifldwillud &F offe. “TheGest Yhnit RPMISIHORICES! coloRdS wefl ab FRGEMJOr text,

these two conditions together do hot happen. Thus, we have our detector,
test fofhiled®® R ~G and 30 R - G over several pixels. Since subpixel

rengering on an ﬁ(%hég({.'i Bfrl panel is one dinensional, along the horizontal
axi's, row by row, e test is one dinensional. Shown below is one such

test: If R-# G, affiRi+R, ,+R +RR,+R s Ra(6, R Gl #GRE2, FGK)2 + -1 +
G + GX+1 + &x+2 35 O If Rx_, +Rx+k+1+R t+2 = & _2+G +&+G +] Then apply
alternative spati al fPTter for subpi xel rendering input 33 26 COctober 2005

WO 02/ 091349 PCT/ USO0Zf R261@ Flrse sapply Jsregul ar sgatigal yfilter For the case
where the text  is col o?ge'(ltl ?ﬁer%“w’ Ile’ bél(g%r el &ti oﬁsh?‘*ﬂ)) bet ween the red and

green conponent sTheh apply atteynativRzpatiad{jlienfesebpixel rendering @past ant . For bl ack and
whiltse text "a" glaés t he V@' uet_‘% ﬁne. The test can be expanded to detect

colOred as wel | &S HHPNREEFIPUMRNE text: 10 15 1f R ,:0- aG and If Rx z +
R<-1 + R + R+l +*aa (X, + X | +G + &+l + Gxrz O If R | + Rx +

R +, + Rx+a_= a(’(!G-, + X, + G + GX}l } Then appl% alternative spatial
filter for Bul Qerriessatibs Falpsiohfgaed andggeen somponentyafithe “Spiel al fil ter
column coordinate. ' :

There may be a threshold test to.determine if R = G close enough. The value of
20  which may be adjusted for best results. The length of terms, the span of the test may be
adjusted for best results, but will generally follow the form above.

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

25 illustrates the arrangement of the green 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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R, and G represent the values of the red and green conponents at the "x"

pi xel colum coordinate. There may be a threshold testhgtgigiatepmne if R =

G cl ose enough. The value of 20 which may be adjusted for best results.

The length of terns, the span of the test may be adjusted for best

resul ts, Weuz/oois#d generally follow the form above. FlI @CT2302¢1Ré10st r at es an

arrangenent of three-color pixel elenments in an array, in three planes,

for a display device according to another enbodinment. FIG 28 illustrates

~the sar ﬁ@iﬂﬂ@g@ﬁﬁto@éﬁéﬁﬁh@f&ﬁnéﬂ{ﬁ?béﬁfe AR anBoLiBRnSssioR tédveddd 2y for the
device of FIG 27. FIG _ 29 25 illustrates the arrangenent of the green

em t t er pMQRY|stasage spase and/er bandvwgtha pughoin imgge tehhiag beeg fesamplgl iszalledr) G 30

illustr 2 afls r 1k ixel ts in an array

For "t nargeeRe i RRAg e Y 45 S AL IBUKS calfo BT 2 1 U o

proj ectdgotdmed di spl ays that use three panels, one for each red, green,

and blue pripary, which conmbine the j es f each to project_on a screen.
The emitter @%ﬁé‘f?ﬁ@ﬁ@ éhl%ﬁae‘glﬁaﬁfég)eﬁg%@ﬁ‘% P%Fa%“?qfig 2380 FIGS. 8,
13, 1@ndrcﬂeﬂder%nf&hn§&r@acﬁ€h%le§;%ﬁE&pﬁeﬁﬁrﬁm&é}ﬁe&.he_ arrangenent shown in FIG 6.
Thus, the gr aﬁ_hl cs generation, transform equation cal cul ati ons and data

formats, di mvepsipe his, beprodeserihed avithaefgeenesto an exemplary embaditens) so wor k

i
for the - A [ ti.os above

appr oxi 1F’nal e%&@a%%g%@ﬁ%%gﬁmnhtgé ?ﬁ%%&e usr%%d%?é‘%%@%%%%ﬁ‘ml ed data set
for t heegedmints eiblvberatbstituted foralepens micseof vithoth depeadirg fran thesepebfthei ent  at
representing the resulting i e. If an i e.to be stored and/or

transm IPYeé’Hg‘i'Sﬂ@Q%BB‘Pé‘HmY Od@g{iﬂ‘% &a};&e@aﬁ%&d@t pEFFHFHArFPICR BT ay and the

scaig Nomatdridl @ the tedechngd withbtWpartind frdrf thd ssbfiidP5dopb Meredf OPneldR 034991349
PCT/ US02/ 12610 5 advant ageous to performthe reSanpling before storage

and/ or inteadediihas Hiedrvenidpnsiol be bmited e thsrpprticuler erfeodiment disclastd o3 thoheatini dt h. Such
an i ma AR Lad. i s cal t ed" S

preren e?‘%e%gﬁtfﬁ steggér:%\r;es aé‘&i;crt]ﬁ gg’fk(g%@lﬁ\/ﬂeul?%a?%gfsﬂ%é@'{ég%ﬁ%c@ggg%n al gorithm
The adveantodigestsdiilitghwihin theaodpeoi themppdndédaiaimbl e t 0 t ake nost any stored

i mge and rergnd%gi it onto any practicable color subpixel arrangenent.
Whi [ e the inve B¢ § been described with reference to an exenplary
enbodiment, it will be understood by those skilled in the art that various

. changes may be nmade and equival ents may be substituted for el enents

- thereof without departing fromthe scope of the invention. In addition,
many nodi fi cati ons may be nade to adapt a particular situation or 15
material to the teachings without departing fromthe essential scope

t hereof. Therefore, it is intended that the invention not be limted to
the particul ar enbodi nent discl osed as the best
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‘node contenplated for carrying out this invention, but that the invention
wi Il include all enbodinents falling within the scope %gfotibsrappended
clainms. What is clained is: 35 26 Cctober 2005 WD 02/ 091349 PCT/ US02/ 12610
5 CLAIM5 1. A nethod of converting a source pixel data of a first format
havi ng aws1@2a13sqy of three-color pixel elenments for &cCdivtspliagioof a second
format having a plurality of three- color pixel elenents, conprising:
determning inplied sanple areas in a formof a data value for each data
poini of 10 each color in said sd@lAd®iSpi xel data of said first format;
determ ning yesanple areas for each emtier of each color in_the display;

- forming a se{' of Wﬁt@?‘i{ RY%?H%%W‘?M{ &&%ﬁﬁﬁ%f%éhwwlﬁ%m nat or s
are a  pfMfkicolr fkelSRinfinds 2SR i Ry : said
function of an agﬁéa of g%gh oféﬁa}sﬁ(i{f?%?%gf@ifdef%@‘rﬁlgggﬁgr easéfttﬁﬁrgi@ at | east

part i al $8joriyes] plepents spwprivegnpl e areas; 15 nul tiplying said data val ue for

each said i §g§ . r Lts.respective said ,fraction resulting in
a product; argr%ltjé addi %@%ﬁdc%mg%agyaﬁrmo%f@c 0?%5%%}%33‘98 _%ea(%}t}ldﬁtiaﬁm%#i nance val ues
f or 1eacdach avldr ingsid smire: kel data of saldBrstfidhggd of Claim 1, further conprising

storing said set. of fractions of 20 said first format .in display hardware.
3. The net hdfieGpiraeapsample aress fosachagmifierof pach clonin e dispi®d set of fracti ons

of " said firpimihohBRbf frittidhSR} @ééh%ﬁﬁ&éé@tﬁ@e afta who® d@ﬁ'&nhﬁfﬂggl@f edaiml,
further conprising storing said set of fractions of sal fafrst format in
di spl ayfun¢tiamod sad repgnge argh andwhdse duoéraiClssirgsaid fubaion béan gemgdieadiofg dri vi ng

t he display W I ) ..4he thod of Caim1l, further
conpri sﬁ%&gp%&r %}ﬁ@ﬂ"ﬁg‘?&a hﬁ%q%ﬁﬁ%ga\?ig%&%?pgsﬁr%?ﬂﬁod of Claiml,
furtsher conpuildpingg baiddanvilie fog esohisald indpliedanasle wth bEfs resgltive safine met hod of

Aaiml, wherein said data of said first format has one-half as many said
t hr ee- c%‘l‘cgf’nfﬁs’ilta‘?g]é‘laéﬁ’i‘?éﬁf% rizontally and vertically as the display of

said second adﬂiﬁ% BRh saif profib@ wRIRP MlantuliiFhde vaMiS iR biehishR 6l gfgay N
selected fromthe group conprising liquid crystal displays, subtractive
di spl ay®%a-OLEDs, el ectrophoretic displays,

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. | |
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35 field emtter displays, discrete |ight emtting di ode displays, plasna
panel displays, EL displays, projectors, and cathode raydishe 2daspl ays. 36
26 Cct-ober 2005 WO 02/091349 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 awsiargdssxy of three-color pixel elenments, conpdraisogizéet er m ni ng
inplied sanple areas for each data point of each color in said source
pi xel data of said first format; determ ning resanple areas for each
emtyer of @ach aah&hod df chidrtflic SRb@¥s pixdiQUatelr & it Mdrhet foPh dBFGoSAI d
resanple area a gercentage overlap area of each overlapping said inplied

sanpl e sapadd foymahbayinen plwahiyef Buegreslprpirebeieraents. gawprising: ues; and nul ti pl yi ng

said data v IS Melo i.q i .Sal- cent age
overlap ar egllgfréesungiuﬁg I Ea@ﬁfg?xgéﬂ'@k?ﬁggg&ggﬁfﬁgéaglg%cﬁé’rs% Spoglg"{?uct t oget her
t 0 obt gixel batabhait@rsyfeles for each said resanple 15 area. 11. The net hod

of .Claim 10,, further conpri si: storin aid set. of fractions of said
first for natdetie}ﬁl_naﬁngﬁ?s_ gﬁﬁe&i‘/\ﬁ?ﬁa" f?‘:ltteg'ﬁgcq‘fgf’%ﬂmdlﬁ Ym 10, further
comy i si g gbefohifhe 36 edcto@ild Bfampledfdd O Scefiage SAIEp hieh 8f eafipr Mat i n di spl ay
sof tware. 20 13. The nethod of T aim 10, further conprising storing said
set of overkRppingsaidémpliedppapiiares vithspidaesamplediresip abtaihidetawalves; audt.  The net hod

of 'Claim 10 . : DS |1 S| i Vi . i it i | um nance
val ueo. 5. THHEF G ORP Vs B! B R Bl B e BBy LT

| um nanwerlapadresassultinghn 4 Grodudieandet hod of C ai m 10, further conprising
transmtti ngd aid #{unéna ce v%l ues, 17. The ne ho%s;of Cl_gi m 10, wherein
said data o erR p9¢ Propyt fngetherde oBiain Ipminencealygs iy cackisaid 1e$amRle c o or pi xel
el egenfgeghori zontal ly and vertically as the display of said second format.

30 18. The nethod of Claim 10, wherein the display is selected fromthe
group conphisi nfhd mefhediofging 14} fughersompsising sibtinggpid seboffrasionsyg, pl asma

-panel ‘3513 ¥&maﬁlg(§gpgaﬁihggg%ﬂcG_EDs, el ectrophoretic displays, field emtter

di spl ays, discre ting diode displays, projectors, and cathode
ray tube di $pl ayEhe &@hodtofi@4ilndd, Hithelatoapniking pigringyaid etoffeepdis ofir eas f or

each data point of £AEN frware.

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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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 elenmentg ogopgRbogsng: 37 26
Oct ober 2005 WD 02/ 091349 PCT/ US02/ 12610 5 determ ning a geonetric center
of each emtter of each said three-color pixel elenent of said first
format t vaiefwised sanpl i ng points; defining each said ipguiuseshzémnpl e area by
lines that are forned equidi stant between said geonetric center of said
emtter of one said three-color pixel elenent and said geonetric center of
anothier samedefhiingSdedniicichbQbr Fhach chtied BPQILH Bad ﬁﬁéedco‘ldi‘gﬁc@réié?ﬁéﬁi pi xel 10
~elenment; and formng a grid of said lines. 20. The nethod of C aim 19,
wher ei nogwddirgrfmémé?o@ﬁn@samnﬁegpwigtsm sposed in a tiling pattern. 21. The

met hod of C gim rej p o tili s selecte romthe 15
. group conpr i%?%gg%cg\gr&gﬁ b irileecst%g] Ige'lakeesaw gjr]?%g%tl%teeg? eedxe%@]ﬁé?tdbﬁgwegﬁons,
di anondsaid sdoaggiercenter afguid eatiter of Aggaid @des-atdraphgl elsmemtan@get ed tri angl es,
Penrose tiles, rhorpjus s, distorted .rhonbuses, and staggered di anonds. 22.
A et hofFOFFTESEUPTS ﬁpﬂtgerrsé@ﬁﬁ%l%s%{lre@%@erpgﬁ ngighhoring said pwserroloppixglach col or i n
a $eUrgem@xal data of a first format for a display of a second fornat
~having a plurality of three- 20 color pixel elenents, conprising:

det er ni ni ng famyeaeri¢ picsaisdinesr of each enitter of each said three-color
pi xel ele t; | nj i S I rea,by .l i.nes t.hat..are fornmed
equi di st ant “Det meq@%hgié‘?g‘fg%g%z I‘“Ig] 8{8%3%{%’% 6’? Saégpﬁé/sémlfoé?dt%ﬁthgﬁ% sai d

t hr ee- cpditemn. pi xel el enment and said geonetric 25 center of another sane
color said itt of _a_neighboring said three-color, pixel elenent; and
formng a g&irpd 0 %E’F@O@Pﬁé&m%Whﬂqglsﬁétq%apﬁer@séﬂﬁ?t@ffomrei n said grid
- of " B3l Uprbby\@SnphiSin isx?ﬁfb%,ex‘é thib1d, fibhdl® § ctgomOdisfonds \agpBEpOd of Caim
23, - whggrrei n salt}:nd ?i i ng pg%uggern [ :sg sgtllegg?&gd’ _fcr gm f?ile OIér’ou g%orrpri si ng
'squar essquares stagagrasigectanglesnvigagered fiarglero Renrossdilesgdompusss.aiisbmigd, st agger ed

Rombusse b AR E R, ! S St agger od df aonds. 25, A met hod of
limting fil22er Rengisdd afidetesninmgiresamplé atebefor &azhdala pbint of edel dodor in a
- source pixel data of a first format for a display of a second format having a plurality of three-
20  color pixel elements, comprising: |
determining a geometric center of each emitter of each said three-color pixel
element;
defining each said resample area by lines that are formed equidistant between said

geometric center of said emitter of one said three-color pixel element and said geometric

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

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

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

calculating areas for filter coefficients using floating point arithmetic;
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35 designed to sinplify hardware inplenentations, conprising: calcul ating
areas for filter coefficients using floating point ari tda®itbser 2885 26

Cct ober 2005 WD 02/ 091349 PCr/ US02/ 12610 5di viding each said filter
coefficient by a total area of a rendering area to receive a first product;
mul tipl yWsH028a13& first product by a divisor to produc®Ca/tRédmemw sum
conpleting a binary search to find a round off point for said filter sum
and converting said filter sumto integers. 1026. The nmethod of C ai m 25,
wher 2i n sai ddidfiding sanh siid fi2BiGecoeHitichtisy anetaharda of a r€hdeking 2Ba tofredeivd@r conpri si ng
usi ng a.cq effi ient in said filter kernel and adding a nunber to force said
filter @ﬁﬁ? gqual said divisor. 28. The nethod. of Caim?25, further
conpri si ng Liﬁhlﬂﬂyﬁg@zﬁ@ﬁfs’tﬁﬂoﬁﬁﬁtbyﬁdﬁwﬂogtofﬂrééu%aﬁﬁér@% and subtracting a
nunber to force Sard filter sumto equal said divisor. 29. A method of
operati ng spfﬁ’mpéﬁﬂn%ahmrmgaﬂfhﬂOtf@ﬂgrO@dmﬁ'Homtﬁgsalﬂ@étemwarrdg subpi xel
rendered ar f. t. set of spatial sanmpling filters for said
subpi xel reﬁ%e?eé%?fgggw?%nﬁgsﬁte Y& to said detecti ng subpi xel rendered
areds; detedd. ngﬁam&u@pﬁ@}ehnzsgmdlefeﬁfham@ﬁmnmﬂd 20turning on a second set

‘of spatial s | filters for_ said non-subpixel rendered areas in
response to @rmdlrgg%%?‘is #lmi%ﬁﬁ&e&@m%%éﬁléﬂa%%%em gpaidfdier net hod of
daim Z&mél\’ﬁﬂfﬁdﬂlgﬁ%hﬁbﬁﬁ@)?&&éﬁﬂﬁ&?%%eqﬁﬁ@ﬁ@ﬁ%oﬁr eas conprises Rx # X

and Rx_2 + Rx + &x + G,+, + &x+2,
wherein R i 523a v?ﬂl@@fitb@d @@éﬂn@i @r@e%ﬂmpélsmg ugngemeffm@ntmaasl fiitepi xel

posi ti Olaerﬁen @su%ﬁz}(xuﬂ% l%lﬁo fo?c%%gidﬁ]_th ) é%%%l @val M 29, wherein. sald

det ecti'ng SUbp] Xe ed areas conpris o R-1 + Rx + Rx+, +

R 215 G - 2+2@< 1A4me£ﬂuod4of6pér2ungvdpmmamﬂng$ﬂtas\b@iﬂpﬁs:ﬂg red, Gis a value of
green, and x E si({| on in a row of pixels. 32. The met hod of
d ai m 29, P%’?% B4 A% subpi xel rendered areas conprises R # aGx

and RX-2 + Farnthgtn B-ﬁrs’l‘sé?of spaﬁal% fﬁtefs@orsa%l sﬁblgkel rendérefPareds i t1 + G +2),

30wherein Ris a val ue. is a value of green, a 1s a constant, and
X is arﬁwpé#ct@é@ﬁl@@t@ﬁngwbalxphwwaﬁmrs@en s. 33. The met hod of O ai m 29,

wher ei n sai cﬁe@&&a%gﬁ)h ngjgﬁ%g%&%dé[{gé%d&rded areas conprises Rx ~ a&x and Rx_,

+ Rx + Rt+ x + G,+,), wherein Ris a value of
red0 G is a iwmaingen afecgnemnof spatiad saanlﬂmgfﬂtmstfor smlddlox—smkq:ml phdeddd position in a

ir_g\évt ?Lc | Xgrlggés;ponse‘?io sm@d&%%glgﬁgmr% regdeggldalre%rsn tangibly embodying a set of

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
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format having a plurality of three-color pixel elenents for a display of a
- second format having a plurality of three-color pixel elenents, said

met hod com@pd®ixd®: determ ning inplied sanple areas irrca/dsaizsf a data
val ue for each data point of each color in said source pixel data of said
first format; determi ning resanple areas for each emtter of each color in

the dis ; dﬂ]ﬁ’ﬁ ] . i 0ns. f of i npl e area
v\/nosgI dgir{%%{ﬁzhr?gfgg%y are a h’%ﬁ%%l?[lf%%&g%hlgg?gorrace&issgglgﬁga %er%té]gd%n whose
_nuner at bavingr wushiydf fhmeesdoion pixelfelamenssy; sd metho@ewlprisig: sai d i npli ed sanpl e

areas that at |east partjally overlaps said resanple areas; nultiplying
sai d data vd W‘E’QET# %P]é af%%ﬁ%ﬁ@ﬁﬁ%&@ﬁ@%‘b%ﬁ@ﬂ@?%%cti ve said
fracti ogacheslet fishid shitcpiRd] Q4th 64 saiE¥ek fhanaddi Ng each said product together
to obtain |um nance val'ues for each said resanple area. 35. The device of

Cl ai m 34, f letamaivinggpypmpleiaregs Br erdhegnitéeaiofieash colof infheaisplayns of  said first

forpat in di Qay_har L . The devwice of Cl.aim.34, further

corrpﬁr(?i si ng sftglgéllﬁ%gseggfﬁ@cg g?s %?eaf B 5%@%%8%@}1%?%‘5 3 g?lﬁm:f]?aﬁgf A mat in

di spl ayfusctidowd k@id reé3atupld lwea stewiinee mimeThiaisiredid finotibMef ancadTieaditd Storing
said set -(P-f &r(ﬁgti?ns of s?id firaz]t format .in display firmvare. 38. The
devi ce Bid ERLAPIe tregs Lt TeadhRIFIaLy AYETHAPS SHAHGSATHE HP8pl ay wi th sai d

| um nance VvahygSvi i ] i [ GRS ng storing
said | um nance 13%“;%2?@“2%%%%%@% %’?%eﬁ'aﬁﬂg?ﬁqmg%ﬂﬁ}ﬁpﬁer c%ﬁpri si ng

t r ans i Fadtipgresyltivg ingpredeaicandsal ues. 41. The device of Caim 34, wherein’
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format.arédR2. The device of Caim34, wherein the display is selected from
el ect'r ophor o o dpefiviep o Clafn & Yty o rambinehiiag 1 o SLitens Sge. e (i ng.
di ode diaRiFirdSmap irdEéaytarRlaredi spl ays, EL displays, projectors, and
cat hode ray tube displays. 35 40
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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