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METHOD AND APPARATUS FOR VERTI CALLY SCALI NG PI XEL DATA
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
w@p@biicaks on is a continuation-in-part of co-peeOUSD0S/014175

AMETRED DR AP ARRTUS R ERLL TS RO Prrsmp Az

COLOR SPACE CONVERTERS FOR OPTI M ZI NG | MAGE PROCESSI NG

CR6§§-F#H#E’Q§N§E AY) Rﬁf‘#D Kpbif_ib&lﬁ"d S éﬁ G%&ﬁg o\étha fE1 s

[ooothENHsO\épaneétwnoﬁstﬁecdarnmaﬁmom &0 O] oﬁrﬁwﬂinyerws Opatent
sent _iny i_on generally relate t hod _and
applghiah el 1 BIReB R \AlEa Rpehebio. iy GAPO0b? s, Shtited
MlNEPﬁAEIISTpt COLoR torAlE! ate\VERTERSO3FOR V@FIWM%NG IMAGE
eal er is general lbiysf desi gned to change the nunb of

PRQQ%%fS'NCF‘n BRATO t Wowaer filkd Arribul S |3f‘i)@§ i which is
,ncopggﬁatggtﬁé\,gqu%réicgnal A vertical sealer can either
scale up or dowmn. A line generally refers to a video
hori zontal scan |ine. The process of vertical scaling

| ! icularly because the incom ng
BA H ﬁaﬁ”&ﬁ—%r mat. Vertical scaling
Field WP théldvéntigfui res conparison and cal cul ations between
many adj acent |ines of pixel data. Because of the

[oooz)at urEemuv‘dimémslcﬁcmm mgs@nmﬂ{/erd@ha?eﬁérélﬁﬁEeﬂétbzﬁda method and
revi ous){’%nd current line nmust be stored

fo t,
app%fﬁ{qr;ﬁof ??élgtscial"}gep' d3tes avail able. These lines are
typically stored in a line store nenory, which
Descriptios of titd RelatedArtTor e r andom access menori es
(RAM s). The size of each RAMis determ ned by the
[0003 unb ér vestical isgaler isogereraltyodesignaddtot dhanpe itige humberatimput lines
[ i e he
to a ggﬁlﬁﬁ%ts:\dr?rﬁaﬁeeredfngfu\’pndé élﬁg? g‘PLhrg @?8&%@& Egﬂél A r\{gh!s ?V\ééja'ié} can
eitheregealeyup or powparﬁatlme)gemerallwafﬁr'sdala wded hngzorﬁddescan liee. The
procg% Bpgerh%%ca:‘]lnr Q@g‘?‘{’?{%g {édbgﬁggglag%éggw Q%Ir}?omlng pixel
dataelspmamse varmat oclmﬁx:al ECdiDg | tydiballyedequiees aompmlsoenxam ealcutatlons
btthe art fgr fpre ¢ ost g{?fecyve net da
etwesn [apy AERCFYt INes a7 glidele Beeausy e ihcming
pixel SBENA Ira3tei 0 mAt tiee prewicus eanaf curnt GneS n&J@QdI Jisrat until the

t.he invent educe t he
nextqlfne becomes avahgbqe ﬁ'hese ines are typlcally stored in a line store memory,

which consists of one or more random access memories (RAM’s). The size of each
RAM is determined by the number of lines to be stored and the length of each line.
Since every line corresponding to the full width of the image may need to be stored in
the line store memory in preparation for vertical scaling, the size of the line store
memory can become quite large, thereby making the vertical scaling operation an

expensive process.

[0004] Therefore, a need exists in the art for a more cost effective method and

apparatus for vertically scaling pixel data.
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anmount of pixel data that needs to be stored in a line
store nmenory in connection with scaling the pixel data
woesosiicaby y. [ 0006] Various enbodi ments of thep@r/esmnt/o14175

orally directed to an i mage
Mﬁﬁ@lﬁ}ga 'u“, whi ch includes a red, green and
[oooﬁI ue RGB! of v‘éﬁé&se etrrﬂ)ddi1'1‘%rﬂ§rlffethﬁoin%ntuﬁ\| iket&%&fce the

i ff erence and red color difference (YCbCr) col or

amosiphefenixe) W@t thet naedruliod e gpreddn pdinei steyeanemae ipfcopneatios with
| S8 veRicliy. space to the YCbCr col or space. The
scalfanHégP(@pl xevs t?as a first sanpling rate. The image
processi ng apparatus further conprises a chromnm nance

[000@Jeci YiRIBYS ROYAQHIENQNSR O &g Presemdnyemyon Are@soeraliy|dijected to an
lmag°'é36r%%e§§’ﬁb’ 5;5;5a?rétu‘§DWchﬁ indliesAf e‘?ngFB%'F\Ca?r\djﬁEé '@ﬁé@‘) color space

dule is conflgure to generate an i nt er med

to Iummweqwcm blya cefor difterenaecanst resmmr@ffmmm(@@d golar space
convr?égt{i!iglmqkﬁné %rec&“%trt rigsa IfRSoft P&let fth SI;{GE""%H?J)H g ace to the

anmount dat a represen he Interne
YCbCspealgre spags. onThes Ilhessf pixels has aarfmlnsarnphrtgarae The |mage

procreggﬁ‘g:%?ﬁgljaﬂgsr ﬂe b&ﬁngr?éespé éﬁ (o) marp:% d&:ﬂwqgtoplf'n %%?‘esé&%led to

er conprise Store nmenor
the cRﬁB)ItedYCth leomhspau:enemrwertelecmcrthle)r 'ﬁm&jwhmmlﬂibmd ideeimator
ured to ore the inter

modblgsSafTeN ik behRtite 8y BuleieprdaaisBh rdFe e bt pixets

having aecens sampkng fateithat ealess thandoe €irst eambmb tate.t MAe bimd@nt of

o T e L oL A R SN &
represyhtiag ané aihé on pixeR00Te intagensroesddnty aﬁératubh@rthéf&ﬁﬁpnses a
rises a chrom nance

processi ng a tus, further comp
ine RHATE ROTER, FOWIHAIS 1ot dPI aneaEa ReCivEer Bafuigont e ne store

menfB¥l i EonfiglRdCtasBeTe R fiftertldRitd P b SentaRymU | End §nage processing
configured to convert the scal ed version of the

apparatusy fHEHieht @MRSISEE s nYasti¢ah rsaalari Medulte caiem dos Higpline (ptore
menﬁaﬂ,e The vartRaPs&er\RbGIOT afnf.gnr%d' tbr@%neﬁat& bxeh dhﬁevé.&sa of the

the first sanpling rate. I n "anot her enbodi nent
'ntefm?é"qtﬁﬁ%ﬁe%ﬁrﬁ%%l ng apparatus further conprises a
YCbCr to RGB col or space converter nodul e coupled to

ooodne bR MYIMERY @rﬁé’%%ﬁ@brd&%h& apEQPatlechﬂhe? Q;ogﬁﬁses é

col or space converter no is configured to conv
chropigangea Inderpelateli sipdste taeaiplednéo dhe pysréral seaden thmedule.  The

chroX%L g‘r:ﬁ{g‘? ol tIBfre(Fﬁc%&dﬁa #@@ré‘d’ \?OCE% gE Q%g%dc é/ér'%i&ﬁegf the

intergeate trepremgtlcen havieg thersecend samplingceate ¢ @r scaled version of
the IFRBRYREN hdving Rk fritRaRiplify r4lgt @ by adding V of

[0008] In another embodiment, the image processing apparatus further comprises
a YCbCr to RGB color space converter module coupled to the chrominance
interpolator module. The YCbCr to RGB color space converter module is configured
to convert the scaled version of the line of pixels from the YCbCr color space to the
RGB color space.
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a red color (R) conponent of the pixel data to 1 of a
green color (G conponent of the pixel data and of a
W(b)lZ(llJG/l!:ZZlIZS)r (B) conponent of the pixel data. Ther/B&EB$/014175

co| or ace copverte er determ nes
0003 b 1o JebiRGP T f‘?@?%ﬂ’@@n%c}hﬁgggﬁt fq ggj{b  CRIfle SpRGR converter
moddR! detéyniseh I@finbAge EH6r EomporIME €Y 6Tl thé pixenpatacsyt addilg ¥ of
of the pixel data fromthe blue col ok@%BED &Q? onent
a reqyaRlog(R)i compgnenkofitae pixe! ¢ata Qs ofphgre b (G LhRmpeRSinG of the
pixe SRS &8 0N e & ibiie EREU] cfonpTohéﬁt steh&pikengstad mohealt@rvc:bc;r
di fference conponent (Cr) of the pixel data b

colok §PAGeaeNVEHeF m@dulsm{ e ée@fm@ﬁs @ohhysrfalﬁr qfwreaﬁe {cR@ponent
(Cb) péfxtﬁ{a p%%q Qald Qﬁkﬁﬁ?acrtlﬁg tﬁ@'llﬁﬁlnéﬁ‘ae E&Hpeélﬁﬁérfé?'ft t(i“%f the pixel

ta and dividing the result
datasfrcrm Ithexhiyerealore(Fh sampenent, ane divichtg th%feR@BbddWQr H]@aB@B to

YCb%?né/c%rt §{)a%§’%h§ergé?t fée?urg‘,%? %eggm‘ﬁﬂé "a (rg% color difference

nponen [ xe at a | um nance
comporhent (Gc)rqwnﬁeno(el(detatbw aumre@ngrtbe ﬂtedlnameacolqn‘ cmmnmts (Y) of
i
e GAFPAAGork i 104 el R YEhe LA, DG I g e
resuglbgewocol or (G conponent of the pixel data by
subtracti ng the red color difference conmponent (Cr)
| | f e (
o017 ISP A PURR, FhodilneRl, JRECYEBLPRE Rbel EBb Spghe! Spnverter
moduleedptem'einedatha.reﬂfh@)lm corop&Et ol the wpelcéateolmy/adﬁkag the

o 10T TGS B e Shp RISt e

plxebd:axtpo nidnet YCHEr tf RGBecgoxgpacaatonverert wodde thrthdy| dedermines the

ST T TR T
combﬁﬂiﬁlﬁr(Cr)rlarletmfbltlﬁeo@bmmml damabdreat (mle)sonhetd'b&al data from

resent inpvention ¢ under,st ood_i n
the I5ianGE Bl GOLEPTBH: Gh Ob eI CFonT NN Cob (@RGP SBlor space
convereRRiddarfFuRREVEsterMbied theige BiloF @) oRipoRehtOof the plxel data by
enbodi nents, sone of which are il ustrated inth

addipg $b, drRinanesCRIgs component: (Y) 5k the,Pig! datwo, yice fhteaplue color
dlﬁeFé}%eQB%Bﬂsﬁt (@b?wm%ukél begt rate only typical
nmbodi ment s his invention and are therefore not to
be considered limting of its scope, for the invention
: %ffect i ve enbodi ments.

i ates—a sinplified block diagram
0014} as‘BoméPttﬁé e %amas 4hé Gblofe FBciRH it rfgetofofhet Bgsent
present 1 nvention.|[0013] Figure 2 I agr am of
mveathmcmaefmdemm defgl.m mere @gfta:ufar(ﬁeﬁgrpptlon of the invention,

briefly summarized above, may be had by reference to embodiments, some of which

are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0012] Figure 1 illustrates a simplified block diagram of a computer system

according to an embodiment of the present invention.

3
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RGB space to a YCbCr space in accordance with one
enbodi nent of the invention. [0014] Figure 3A
w0 bdosaix2t es a | ogi c di agram for determ ni ng tPer/US2005/014175
| um nance_ col or copgponent f the pixel data i
001310 coF RFE 5id OB (BEEATo frititifod "oreSvEiing: His. deta from an
RGH §8kelto Bi ISl Er spack lih B&dord@dree vath ardi emBodigieatsf tag invention.
deternmining the blue color difference conponent (Cb)
of the pixel.data in accordance w one. enpodi nent of
o0 PRvBh Rl Den & RRRGHPERSER $olefPargong o8 coor
compbgt @) éfahe Pixebdath in a¢cordenceavithcarieosmblodifrentofcthe invention.
conmponent (Cr) of the pixel data in accordance with
one enbodient of .the invention. 1 Fi.gure,. 4
oo+ LSRR o ystsnosii i Qp8meBh odrte BAYEF 115 iys, color
diffefsigk i goanpgaoineat (Chitef the phat aataimcacourddanceneitte she dirmbexafiment of
of the invention. [0018] Figure 5 illustrates a flow
the igyefdioAm of a nethod for converting pixel data from the
YCbCr space to the RGB space in accordance with one
[oo162 Tho&iguesn BCallustratesi anlogitt diagram 0 défermining theGAd color difference

combbp T AT ke SRS R e fomion

wi th one enbodi nent of the invention. [0020] Figure 6B
ool | uktguad dsillasttabes a fitivadiagran af adetethrad for ivgrtically gecaimg pixel

aatajf eféngfigenpgbprerr oL NI | 0021] °F ure s

illustrates a logic diagramfor determ ning the blue
[0o18gol oFigueerp diustrates B) flavf dipranpofka medtzadafor poravectingizine elata from

i 0 Ogli the i i on.. . PETAl .
the Y BRPENG, BB o etieo T 2P el o eacimeng of the
invehfiomck di agram of a conputer system 100 according to an
enbodi nent of the present invention. The conputer
yst OzA N a.c r cessi [t (
015" BT o o ey Rl s s ity (B, fag oo
compyrsdre iR pofsthé @éel tistarin acqguudance witcenevembbdio@nboitheinvention.
nore user input devices 108 (e.g., keyboard, nopuse)

oup e i ga [
ooadi? 0 58 IRl W Hhibronf fCeRhRifly e green color
compomare (G) oitab pBRT daté\ih accdr@ihdeasitdomoembodiment of thetirmwention.
etc.) operating under control of a graphi csprocessing
ni t 1 t 6
ooadfl SR 100 g B8 bdlc! deafity, & e Einifihge hey plue color
compeneant (B poffthe pixebdata énaccaindancewyjthedriecerdbediment ofghe invention.
conpact disk (CD) drive, and/or DVD drive), may al so
be coupled to the system bus 106. In

DETAILED DESCRIPTION

[0022] Figure 1 illustrates a simplified block diagram of a computer system 100
according to an embodiment of the present invention. The computer system 100
includes a central processing unit (CPU) 102 and a system (main) memory 104
communicating via a system bus 106. User input is received from one or more user
input devices 108 (e.g., keyboard, mouse) coupled to the system bus 106. Visual
output is provided on a pixel based display device 110 (e.g., a conventional CRT, TV
or LCD based monitor, projector, etc.) operating under control of a graphics
4
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one enbodi nent, the conputer system 100 operates in a
red, green and blue (R@B) col or space. Although
woansowg2enbodi mrents of the invention are descr¢besl2005/014175

herei n rence .to.the c uter system 1
procgura mhGSPH) FHE cReBedss sie B dlb. Hifer SutiTegts. such as one
or mgwﬁtera@ead@&etsmeaqe@ota fixedSorSreATOVADIG magiaitidik drive, compact
her col or slpaces such as Yg)% p&é)doé’p%\ The s tem
d'sk&@%pyvqo%dé? 0P %0 drivey.diay plsgdiearry e D3teTHhYs 106, In
one eHbBdRTerRPBE HohiiitsrsyERM POOBpertes’ iBla BRI efs8n AtH blde (RGB)
pi xel data to be processed by the GPU 112. Exanpl es of

C°'°b?f@08t NFQ%%Y%WHH&%@Q%GTQQ“ thednyentionyase Apecibepdgrei with
refereAt&Td e @olriddter s‘?@t‘éPrPWBp&Etlﬁd"ﬁ th W@?’ ebibr Wét@oﬂﬁ; invention

operating system The system nenory 104 may further
contgmleéeSatfgar agmpu@r chysteat 18P cepesatintin ol aigy spaces, such as
ycpEpmmuni cation with the GPU 112. The graphics driver
program may i nplement one or nore standard application
programinterfaces (APIs), such as Open G. and
(00231 cr dBesystem eemery flg# SESASVATIQUS PrOaramms AT eRRlicatens; spch as

oper peq Q%’%ﬁm%o@r@ms%F eh&athiy th(etfﬂ?él et foAbd ?vocbé‘s%d by the GPU

I Nng system prograns are e to instruct
112.gFspnples qﬂppe@tln@ﬁwemmrpngSam eeludp &Srpphieal fél%wge interface

GDf) Q%Q?Heﬂrtl%u%bamfcnfsoﬁmh?%% F%@gaé'sygtdhnﬁw Gt fén‘? YWemory

nct1ons of pi xel at a
104 avay fuypercablrwa gtaphins driveér pmgrars dort enabling lsormamyni¢atiomwith the

PP, AR BOERCH A 550 . BRI sl pore stancr

applicptiorapragnsm ihterfaces éABI3)li suechtas Opens§ks tamiah Mionogoft DbdctX, for

| . 002
comipibicBlcth v 8, SPF, Pieo b Fyakioo EReripiEE &P duifion s, the
operaRmp systeh pgrogramsaré fable tdlidstiuat metgruplmeatjnm prbgrant foetransfer

GP 2. The buffer 114 r e pixel data
the 8! it o, I CELLNT bR YBEM Bt 408 rdineiértar 0 Perfering
functibs 6 el @PUdeV2. CButh Gikedrdath am 8picafly RoredRGE- repfeseAd in
enbodi nent, the frane buffer 114 stores the pixel data

b:na{ynfqrrﬁ'e Reis tanyfer opa@tionsmayobgperiremed érﬁﬁ‘gbﬁ‘?’TV@Pt"ifﬁ DMA

(dweb@m%hfb‘ff‘a@&sg) 8t btheE opetdticHaTh cfn@%ﬁ&ﬁnéﬁtsimy&ém Yemory
in sone |rrpl enentations, such as in a Unif

104 MWGM%F’@@GBJ?%RG&@W%&%E buffer 114 and the
system menory 104 woul d share the sane physical menory

[oo241eVi §RE colfpér]sysieeh @@derﬂr%r'lrﬁ&ud&eé o6l hfé‘rﬁory or frame. buffer
components for receivin processi ng

114 G GHBRESRIRIMEN 6% BHILATS] She HEMABUIRG 14 Hieroaits phel data

to bé rr‘éédlg?sa SE5HBRAK xomasaa%% tHsmided taiek BisPiayRiedite 110 for
F pel inhe 130. The nenory managenent

display as an image. In one embodiment, the frame buffer 114 stores the pixel data in

the RGB color space. Although the frame buffer 114 is shown as distinct and apart

from the system memory 104, in some implementations, such as in a Unified Memory

Architecture, the frame buffer 114 and the system memory 104 would share the same

physical memory devices.

[0025] The GPU 112 includes various components for receiving and processing
graphics system commands received via the bus 106. The GPU 112 includes a
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unit 120 reads the pixel data fromthe frane buffer
114 or the nmenory 104, places the pixel data in order
wamstraesn ts the pixel data to the display pPEEUSINES/014175

130 for processing. [0026] The displ y i peline 130 is
memgEn EYPORTRSaTE LD P8 placuRIIng Y S0y el e PRy Management
unit P2 R dddehd BikeNBita GRAT tHelfrahdé beﬂé?r USRS h@nmdohegaces the

configured to convert the pixel data into plxe

dat a
pixek dataalf) @rdesr ang émnawtﬁgthsnpwedaﬁastﬂ e HsAIe Pieling 130 for
procgggmg_l ment in which the conputer system 100 operates
the RGB col or space, the display pipeline 130 may
i nclude a nodul e 142 that processes tth i xel data. in
[00261he [1BY Y$RIAN Pinelige (1REB)S 66!‘%’?"%;&’&6% °E>k§ﬁ%? dyoggssing.  The
dsplé&%ﬁéﬁb%my'c%ﬁténﬁ‘ YhriORE pRIcBsdifg iR BcEMighFedSRAEshvert

I hcl'ude brightness caontrol, contrast control and ganmma

the piselr dete il Ppebdale syitabiee fasdisrlaviason th@ed'apléw%awce In an
embgﬂlﬁfén‘t RewhisA the EBI‘?\Sﬁte‘r @gitéﬂeﬁ)oa(‘}be%sﬁ@th@@B 6(%!0§pace the

pace converter nod I's conf |gure

dlsp@mmhne fge "pﬁ)bd@q?ludi%\@ amdedﬁﬂ 4hthaRomcessas the rpa@éd@f@ iR e red

I E f
ool (RAREEocP iRt Lihegct s tBng iR Boiiein e
RGB eolpn spacd dntlude bﬂwtmsagnm@hsorﬂasbwwcd Bnd ghmmmeasraaton.
Figures 2-3. [0028] Once the pixel data has been

[oozﬁonvﬁf Bﬁ@lsetr%éohﬁer\{ ooy d%ﬂago?lﬁé’lﬁﬁemé l'f‘lﬁ'tr%'r)ﬁf‘? uféd @n"REB to

be proces ace. /—\CCOf I Ngly
YCbh eoltir sypag QOp@terrmoqwe ey Whight h;eeonfngurasﬁd@ aonvert the pixel

data’ AThO HEE & {ﬁ%‘c? to Y gd%?tgbéa'A%%?Anﬁﬁ deBrAA & the

rom nance | n or 1 chromna
operaemmafttbe RG&B to é(Qb@nfcpgmrsedcet conveder modble thisiprogded in the -

para@ﬁatg%ﬁéﬁ%lo&z itlplécfgrfe?wg%?%th esej hce component (Cb). and

corrp nent (Cr) of the pixel
data. The chroni nance deci mator 145 nay al so be
[0028] ef ened theopixs! ddte hasbeen namested donthes ¥EpLCe colomhpace, the pixel

cas 0 S IBEE0h 13 0E1 SoRPLgBleC ALy, SUBRAED Soeine
130 anay. fuRher intiidena ehrdrhieacte detimatorel 4o @ vertical sbaferr#g and a

ncl ude. filter, conf d.to,r
envollfatearierafeiol o LMol T B dncoftayeo to
redugaché h;grrfpﬁdg ST_ﬁieOd)f thief hlae eoe mmnbmbaﬁ?nto(bd) tehd the red
at a e v se r is confi
colof Efenite Prabeet Grs of eobvataie o dhe GhicEEY fegmator 145
mayS#le6 b BeRfred 1{60 as The stebinirake SEre rsain%rrrayrrhe cdyhinance
vertical sealer that is commnlr%ﬁknown by persons of

decigatA 14Dy aFIEP INdHderRomAQNeNE ROMURPRIAAWE &Y Persans of ordinary
skill imther£1e! réOhsthfide,| the EARIMIBAEK@RIdeIMAIOF 188 5Ray include a low pass

filter configured to reduce the bandwidth of the blue color difference component (Cb)
and the red color difference component (Cr) of the pixel data. The vertical scaler 146
is configured to vertically scale the pixel data stored in the line store memory 170.
The vertical scaler 146 may be any vertical scaler that is commonly known by persons
of ordinary skill in the art. The chrominance interpolator 147 is configured to increase
the sampling rate of the blue color difference component (Cb) and the red color

difference component (Cr) of the pixel data. The chrominance interpolator 147 may

6
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the sanpling rate of the blue color difference
conmponent (Cb) and the red color difference conponent
w@ ghop/10f428 he pi xel data. The chrom nance i nt erpol/esmns/014175

147 al so be referred to as the r nance
also b Faleaied s P URMIICE “Priodich AT o naage iegolator 147

mayldéd iAERdE QBRPBABHS cOMMBHN KndAPBA pbbéoﬁ§b$©ﬂﬁné?f/ skill in the art.
ordinary skill in the art. For instanc

For ptanRe AR COraminangroiniareelatps 14 fumay nevdaa fsn'tp. iyplse response

(FIRb rf@t@lrseThésmeﬁﬁaﬁmEbPaeéumbtoer145Th@|e0bémeh|n§aéa@r 146 and the
deci mator 145, the vertical sealer 146 and

chrogtinaneeirteerolator b"r7pW|"aR%¢GSPZ!l79Wﬂ WO%dﬁe%mﬁhswragfam lelow

ith Al 't@FFJ“?e@ar agraphs below with reference to
W I‘E('QfgureCe 0029] The display pipeline 130 may further

|ncludeaI|ne store nmenory 170, which is in
[0028} o i Re EiPlayPiIRGlinE 1139@%ﬁuﬁheta'nc@egﬁémefme meraony; {8, which

is m%o‘?r‘irﬁuﬁi@éfﬁinywﬂﬂ thesloties drrhissel TikAfRe SR 'n%t'ﬁ&? 1t7@ stores
be vertically scaled by the vertical sealer 146.

the pixeledale spafigisat iy beaerinally isaeled dy thaeesicahseaer Mh’jofﬁhe line
storé‘?ﬁ&ﬁéry%%@ys iR She EBF&J%% dcbd& %&ﬁ&ﬁg (RAM’s).

|ssovvn as di stinct art from
Altheugit ﬂ_nm linensspse memognd7@ hresmvamr@smﬁtmt and 4paitfrosofee system

| pl tf st; ] e
men i RO b e dPame urtek i o JRpmeRbtioh U7 Y Thé Mrore
menmdty 4170 athe reysteny meevarg 4 64 e{ndot’.@}‘rame dteoriddamoay shark theneame

enbodi ment, of the invention, the display pipeline 130
P“yﬁ‘?r%f{*}%’ﬂ”?’ﬁ‘a’ﬁ% s a YCbCr to RGB col or space converter

nodul e 148, which is configured to convert the pixel
[oo3ajat alrf amnrdarmemmonepamleodimenhef ReBnygntion, thendishliay pipeline

130 &’@%@r %lg&‘on A ﬂ;} cA RABYLoRF oLy %BW&e’?a}ﬁéxu{lg 1t4§e¥vﬁ1i60h is

€ processing i Xel I'n
configUbdct tos¢umert|tlse poepdas édm the h@bCeaﬂmnél todhe RGB}GpaﬁébCIn this

t 8 t
manps, e kel PR 4 et BagfRite ROd S de e g icessing
of theegsxe! \datd maa? N{Cb@:ra;beeb |socdﬂ|qi|60ebedn das efribjoidingntothetYEbHCr to

operati ons o ol or e convyer
RGE Gl §PaGs cpRy 148,60V 43 BBRC Ol Guii R space
oncéd qﬁ@r;ﬁmedé@ ﬁagbﬂe%ﬂ Deftically0@8dibd Al W@é@leﬂh@eﬂﬂné%rﬁwf the

peline 130 has been described with reference t

OPGrFHQW%EfethSrY&%Ot%GQG?G’ SPBFD FORYEHEE MAdHIFet 4iis %ﬂﬁ?‘é'n the
parab hfsQJeidWVﬁ/ﬁh feimBe YOPIgurdss-BGB col or space converter

ul e 148, various enbodi nents of the invention may

toostl8”%«'&@@@55@@%%@% £50 e e A8 bR ony 1ggrence to
inclUdBSNRFEGB a0 YEYSr cofr @pasd 86ifefaRN HRIGURY 1410HbWed B¢ oh8 Y&TbCr
to RGB color space converter module 148, various embodiments of the invention may
contemplate the display pipeline 130 having one YCbCr to RGB color space converter
module 148 followed by one RGB to YCbCr color space converter module 144 in a
computer system that operates in the YCbCr color space. Various embodiments of
the invention may also contemplate the display pipeline 130 having any number of
RGB to YCbCr color space converter modules 144 and any number of YCbCr to RGB
color space converter modules 148.
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conput er systemthat operates in the YCoCr col or
space. Various enbodi nents of the invention may al so
W@mts/etmlmte the display pipeli ne 130 havi ng aPy/T/TisavhE014175

oYCbCr col or | es, 144 d. .
100323, R AB ST BRITEBI (R 3P G g @ Television
scre@w dHéE QﬁSspléth.F@lQ%Zi 30 furthBr PigiEs @anhdustrymgﬁdtara |1FBSB|t(X &iCbCr

data is dis d on a television screen, the displa

colom?@pm@vq% POdIn 50 it conpssthepixel data toythe (YR spares The

.nduétey ¥fePidard "o tewescpwbergpe&e '@ﬁﬁbﬂerl%dh% QQOV&férates in
pi xel data to the Y pace. The ind

conr@pmwa Ragitalotovansteg e@nvefteé ﬂ%@ aémemse.laynts@m'ée'pﬁtﬁ on
the tOIREISRINGSrddh. cOnNnection with a digital to anal og
converter (DAC 162 to d| splay the pixel data on the
tel evi sion screen, In an enbaodi nent in

[0033 he i %emaaelatqn&'rw@st ét}peex@n'iaéa rersPIRYeS o §|6?Pa1} e display

pipeiid? ¢80 @L‘ﬁtﬂe?Qnél&HéshErdlglt&F td'dRSI08 Bhdbre! (IIjAC)afBaﬂ fROconvert the
converter (DAC to convert the pixel data from

pixeldiaga fram dl@tattma@@oepn@rrtomlrwed'wam o BeeRbn t he CRT.
[0034] It will be appreciated that the comput er system

OO I
003 |tS/v|I beUsiprédiatéd tAgdthk Nmp(R&H S\iské¥RS108NE illustrative and that
[ 4} fi clatl gﬁdsﬂ are possible. The c % nput er system 100

Varlaﬁlﬁps tnda meddicationsc éf?p Bpssibles eFO@rcom@-ﬂ?b Syeemp §P@ may be a
desk@ Bé%gxgé’r%’#tlﬁgto? %h’ldlﬁgeric PaRsLsBEd mt&o rﬂ§t§ﬂat‘3computer

per sona al "appl1ance, ‘tethered
gamemcmnsnlet sabioPi ke eperganal dmltel gamiameswhernﬂ Internet appliance,

b
portét)% Ehﬁ"rfgf E}’sl?értﬂhcel ?agﬁ@ el‘éplg@gi%én@%%%ﬁgﬁ;é irAliSfor, or the
like. pn‘helduspiasedevzics pl8ycanebe .anypixebased ldEplaypre.g.0oa, CRT or LCD

mon@é; Jlgfojecgéréyph e'?t%trc’ Iﬁts%me i'hst%ﬂggs'rﬂﬁltl Qccﬁ Ia E\slb%q%g an

I ces (€ ,an array of pr
arraymhpmmc&)rs maﬁ:Rﬂ'emsuqtqn)' ey bewiupported; lwutﬂteeaohejewce displaying a

rt the [ a [ a
portigh o6 M8 oBRL TRE iipv: BipeliEE T30 U 108 GPE: R faycpe on
sepafate ¢Hipjd. 11Re GPWNY2 @ anQ/SJfGt@mwimmbatsrmaylbe |mplemented using

npl enment ed usi ng one or nore r pproce ?
one OB UG TRAGE (PRSP HOBERIG Wi HHBLGHTE Sotware,
applieBe6H §pe“0|flcﬂhl%gl‘a?lé@dlrcﬁjltEC(PlSt@s)(d’tﬁéﬁﬁ)egrétbb%ﬁcunﬂfe@ﬂtﬁ@lb@@s or
circuit technol ogies, or any conbination of these.

any goraingtion Akthgpes ihview, %@P%Q[ﬁs@"t pisFloswe. Bersgpgiioh gfq,nary skill

in thé 'kl ill 'ré'bobh&e@hétt nhteséﬁﬁﬁ@éﬂtléﬁ caR¥e dritSod¥EmeMvide variety of
I nvention can odied in a wide variety of system

SySt%ﬁPP@QH’a@Qr@ns [0035] Figure 2 is a flow diagramof a
nmet hod 200 for converting pixel data froman RGB space

[0035] 0 AFYURCD iSRAGR didhramd?adAE®ed \Wob Rorsvening Xk BhtaGfom an
RGBt Ie]r?ac:lent\claear] tYICCt?)r(IZr space in accordance with one embodiment of the invention.
At step 210, a luminance color component (Y) of the pixel data is determined using
the equation:

Y =R/4 + G/2 + B/4, (1)
where R is the red color component of the pixel data, G is the green color component
of the pixel data, and B is the blue color component of the pixel data. The color space

coefficient for the red color component is % or 0.25, which is an approximation of

8
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At step 210, a | um nance col or conponent (Y) of the
pi xel data is determ ned using the equation: Y = R 4 +
w@@smﬁm (1) where Ris the red color corrpor(enUszanS/014175

h ix data, G.is th een,col or co nt of
0.29h ol 'y SPRicRceidentiver IS Goe R cSRBBRER dosprdipd o the
mdu@tb'y(@{andaidacolahepﬁdé %n\@ﬁéﬁe T@@eécflcbrcd;pmia doefffididie foethe green
color co ent. is % or

COlORERSRRAIATAI TP B5 UG 51355 B PBPTOSRALEN A 587, theolprcgpace

coeffidiént’ RF th®gPéert @HBP BMpoAEMOacHoRdng o tthe mdu:bwt dtindard color
standard cql or space converter. The col or

SPaGRORITMPEPE i N OIAT 9P CORTTIEITb for BRI GPIOF GOMpopgNt is Y or

0. 250wﬁvch"|€' sl érﬁa&éréﬂm%‘ﬂoﬁlap b NHel Alorcdpale 28€fficleREfor the blue
col or space coefficient for the green col or conponent

colog ceammpANeyt t BCAORENG ntusthey industivaStandaldrcaigadpace converter.
Acccggnlﬂgﬁr 5% selbRRdCI sﬁé&cgo&f@&&ﬁtbcvﬁ%et tof é‘élcﬁlgﬁ fHeUBminance

onponent Is %or 0.2 is also an
colomppmpsanenit (Yo mcosrdingltolequatine (dblate ins pineey tase. f Siicerthe color

0 ] I ngnt [ ' t
shacE oo A7 05 SRR, LARRSIAL Bt b Bandr 45 iy ve
calcglatedatsing buoaxyrarslpmem st ayoiditemuse abmditipbicati@hc uh shie manner,

e L8 BOEC b By FATBERE Dy BEFRL dligs n @ moe

relatvebcinexpeabive onannies. are in binary form the |um nance
col or conponent (Y) may be cal cul ated using binary

[003@[}' t mééo(fdgm‘%h\ﬁ\ﬁ?'oﬂetéﬁ%dﬂ?rﬁe&f ofr@ﬁgtlh\l;’édtlgﬁt .Qr%)nlug{jﬁ%rhcg color

manner nm nance col or cO
componezit (dpoftheepixeb datietnay i rdetermine ao:noedmga t@atilegit giagram 310

s TR T e TP eRe 55 ARG LT e vt et

is demrmmmny left¥éhiftifig theagrpénx eblodedraparat be ofde bitwhichds equivalent
ordl o,alo ustrated in Fi

310 il
to a FiteuGality b ¥ e e HsUep B s OB Rcrens pd e biue
coloPEorboribiit, daridSrighe s RiftiHgtAd ebirel sifn‘ﬁ b? |Nv6 bite gvhibe |sgécﬁ.¢\ﬂalent to a
col or copponent by one bit é ?E”u vsl ent g
d'V'Sfﬁﬂ by ;ﬁwr&at'nm%%pmmn&d& Hag't’ﬂed'ﬁe" 1 d“?vhé’erf@ ned by

perfé‘rﬁhﬁ’g{ a‘?@lﬁﬂa‘i’l@ﬁ%uﬁ&ﬁg 'o?@rdﬁbh‘*bn@@idﬁ" grﬁ%ﬁﬁﬁ}@e’!ﬁb eniffdsum by two
right shifting en

ire su bits (which is
bits. cBugh/AYrBeHcA fp@dmg\mgy be psgfomﬂ\»/ ysing gonyestienal RANRIYes, such
as aaa. nﬁlm'@é @n@@@%@&@b may d%rroﬂﬂmﬂnsafr d?eéhff%rﬁlﬁgmﬁus 1

rical roundi ng operat Lan prior to right

(ie. t e ameres isuhe Bymbaoobshils) teilles entingesurc aror @Jmt ﬁggﬂng the
entlrg‘%npg.é?éﬁn‘%g%ﬂg lr'lggﬂg]lf‘ﬁﬁglﬂg@rra'tlaﬁ‘sa% it |H1§Fé?‘nerﬁ ch‘)nm a cost

as adding a v rarse ower o
and t hemputatienal ofesohirder euerépactves. nushcco(dingly, the¢ siunjinance color

com rri?%nfc‘ (f’)obfftlh% ﬁ?e@ﬁ%‘?ﬁ%@? ﬁée]lje%ﬁ%d 'irPa trg\Sti\?eW in%?peﬂéﬁ‘oe manner

using the left and right shifting operations described in logic diagram 310.

[0037] At step 220, a blue color difference component (Cb) of the pixel data is
determined using the equation:

= (B-Y)/2, (2)
where B is the blue color component of the pixel data and Y is the luminance color

component (Y) of the pixel data determined at step 210. Like the color coefficients
9
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entire sum Left shifting and right shifting
operations are free to inplenent froma cost and
w@opaizaes onal resource perspectives. Accordi ngﬂ:yusxohﬁomns

| um nance rc onent of the |xe dat a
used Y BRGSO LSRRG et Hasd B0 AEleriie B u8 Color
diffefétRe | dhiponrget (CE)Nih é‘dﬂaﬁbm N2) ecamiapprkiniation! ofom@ ¢dlbr space
| ogi c dlaram310 0037] At S%PZZO a bl ue c?
coeffipente LeRd o dgigpmien e(b@nﬁ cQier diereprk compopgnt (b according to
the %u@ r?"sﬂﬁﬁ’dé#&' &ﬂort REa&d Udhiérer. Con=th{sBmadnér, (Y coleRr space

he bl ue col or conponent of the pixel data and Y
Coeff'@e'ﬂtﬁélsﬁéﬁ? ﬁat%@'r@otherbl%ﬁ?i%@ﬁ@rem cefnppﬁempﬁ%@ca%m@g to

equéi%ﬁe@j”nw pat LﬁtlﬁFblr?érQ forh. k%lﬁé@tf@h&br space coefficients are in
coef |C|entsuse in equation ( 1), the col or space

binagyo &rm, dhe rhlde okl differgace rapmpenente ((Bb)u@f dkg Hpixel data may be

clo S RE B RIRRS 49 s SALEL LERABIAR 38y e,
the lulee epotar reifferaeceh compens it r(CH) fof theepixel datapoagibe c(ett,br)mned in a
mord fAIAI el b8 ddifigpt 1y standard col or space

conve nmanner, the col or space

coefficients used to determ ne the bl ue col or
[oo3aj; f f b merdeon@omiﬁnton@cg)nbadmw ofg they iepdion.othg bjue color

. . . .
e[t nRinohl G b pAETaR BEF bG8 3p8Ang b 2 i
diagdiinfi 320 elustratashipolrigarte %B:b)Asosuqhh éhepbluel caliert diffenepcd somponent
I

(oSBT BBGPRRE by b ATRG e R ehdErihent
of thebi ;ﬁf(ﬁrdma: e!etemmmdeattsté;ﬂﬁﬂOdfom tree piueedolatatcmprangnbef the pixel

det er 'n..i a nore rel i ne i,ve nner .
dataf gt PRBBF SR G At VB BT 158 RS by two. 1n
one ielr?]tvcﬁmﬁm@r:ﬂ, gt Remblices k;'ﬁ@ﬂadmg dipéfaeuganﬂay axdmpam@mted( Iﬁmr' tof right
Ihe | Xe atarra e ter ne accordl n LO a 0gl C
Shiftigg b sHiTsaH ONe [bles AS TISAUPREC-FRRHE SIS riabt SNiEig gpagations are
free bd WRpIEMIeAL, itk bluer s liffreRsyEdthpdridht (Ob) bfitBe @il)%éﬂ?Ha(é&héy be
i s determ ned b%/ subtracting the | um nance col

detegginganiBng [lativel ineEP§IskE "&Pél“&f Hsing ﬁ"i‘%é’@hétsr‘g{'% opegption

des(frlbgm"”aﬁlcl}h H§afP3zy. conponent of the pixel data and
r|g tlngthe sum by one bit (which is equwalent

to a divisign by t ?ng I n one enbodi nent, a ,
10031 o un &f $ERREP AR 16 TR Hilferace FamRPNsht é@t?jpmegﬂ'l?(e' data is

deteﬁhingalugﬁgtth@eélg@ﬂdhy one bit. As nentioned above, since
right shlftlng operations are free to inplenment, the

bl ueCEGI(BrYWRf f er ence comﬁ@nent (Cb) of the pi er dat a
whefR |§%Q%@rcﬁlo?%6rﬁp6néntr&| b pHedl atd 8XEANE MR Mﬁﬂﬂﬁce color

using the right fting operation described in lo
compe Sty pixel data determmed at step 210. As in steps 210 an 220 the
color space coefficients used to determine the red color difference component (Cr)
according to equation (3) are also an approximation of the industry standard color
coefficients so that they may be put in binary form. Since the color coefficients are in
binary form, the red color difference component (Cr) of the pixel data may be
calculated using binary arithmetic and avoid the use of multiplication. In this manner,
the red color difference component (Cr) of the pixel data may be determined in a more

relatively inexpensive manner.
10
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[0039] At step 230, a red color difference conponent
(Cr) of the pixel data is determ ned using the
W@zma/umms Cr (RY)/2, (3) where Ris the reBbT/Us;mnsmmns
nent of the i xel data and.Y t he I
o0aef o off ESFgARt Wi o PRt ohdpe TptPris ML s cotor

dlffet%h@e oémpoheﬁtt @y ngtHé pirel #28 mayhbe mmmlr&maacﬁ:ordmg to a logic
ts us to

ciagir peh SEEERARSRLIE S RO B g B EQUS P Folpagifierence

compérentl(66) enthappikexdaratis Qiété?hﬁddeby @dbﬁé(ftb‘\gsméﬂdﬁlﬁr@nce color
color coefficients so that they ma bi

compaant (B i hey HES) e fromb e e, dalar Commmorient ol g pelcate and

rlghttsﬁ'ﬁtlﬁgf%éfés@ft lﬂl‘ M@bﬂ’gﬁﬁlcﬁqgﬁaﬂﬁﬁﬁen( fo A d?\flSlth)ywl In one

be cal cul ate usi n |nary arithnetic and
S R B ap¢r@3@n BIRY BenPeripraedsRrins to righkshifting

the r’é@@lt g? loRE i fASHRAGENEPIPRRE BInck Fight ShiftidCopiratRinsié Free to

determined in a nore relatively inexpensive
lmplmﬂnterthpowo]colph diferenerarmospanent dee) ehtibeli pikelt dafe Mmay be

detetrﬁl\‘ngat hOP eﬁ@elkaﬁmegﬁér%é / eHJn%E?%% OQEF)Q A tsh f@ié o‘ﬁteratlon

dat a rmned ac to a logic
descmlbagrraanQEiDagramuﬁOr ated in Figure 3C. Referring to
Figure 3C, the red color difference component (Cr) of

[0041t] he ?Igﬁce % Aol i érﬁrdpar}ﬁ%)hgb! 494 l?&f \%‘Fﬁdﬂw g&é\%g plxel data in

or CQ onent I Xe ata“f
accqr@@cee\dltrc ®nerembegdimeshof die trwentgmrkelAt cﬁé@m 43fAdths gmrpmlnance

secfgh 3l ol BIE o S il lotinehco
and threuredi cagjorogierenice comppneet (S) bbtheemix@rdata byca faofgrtof two. In

hi. f
one Bftinobinf¥hty (h8 &fi5iIrantd BBfdler 14 FedlEDS A ESmBRAY Fato rom o
4:4:4 sampling ratd tora di2fZ sareplirg ratnplorteistmrier, mé mdmaorm reqlirement
for sttt & pheL S8k o Tefed hif o 4t o MAIERPERRIAE, e, size
requir@@lleﬁtsdzo;:]iglgw;ggﬁ? méraeﬂytlh 76.: lgAltlﬁbdblhl thea séﬂngwngdlra@r R83 been
(0] or vertlcC S | Xe
recuec By GaHCET o W0 MOUS ATERACHBREIS &F i, BVp RHAR fanGatniige that the

samﬁﬁ@aﬁelﬂay‘bﬁee@ﬁtfe@rﬂyﬁiwgctﬁﬁC| mat or 145 reduces the
sanpl |ng rate of the blue color difference conponent

t he red CO or erence onent
004 o) GPRE ISP Tt of i bt A PG corbatyaant Sy and the
red <§d1'@r dﬁﬁér@ﬁbé‘@@rﬁ@oﬁ@ﬁI(Uﬁt&ﬁhdﬂ&er@ﬁém Helaa r§@u"62idl ta factor of
Ilnt% rate to a

two, 154 ixel Ath i SorRs/AAnS Vi SOHLSTIPTY A0 GaRARD) B 4198 430, the
veméénogdar& iaeveisaly saliés tie prevasd iyt aRe sidied th tiRtine store
mer%or)(/e r1e70y rf}r?eu%.x% datgae r?1|a§ be vertically scaled by any vertical scaling
techniques known by persons of ordinary skill in the art. For example, a new output
line can be generated by interpolating between the stored previous lines using a Finite
Impulse Response (FIR) interpolator. By changing the interpolated position relative to
the input lines, a new image can be formed having a different number of lines than the

input image.
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requirenents for line store nmenory 170. Although the
sanpling rate has been reduced by a factor of two,
W(vmoisnmzferrbodi ments of the invention contenpl Bt BUSIVES/014175

the I|n be re a fact or 42
00at e OP RS e AP ia [aY oS VEEAG Ssalecoe it Piangh fieipblator
147 mmme mlﬁe ééh)ah ehté betrfee@iue @blor ditferéreyeestreparenp (Tis)rind the

(Cr) of the pix dat a has been reduced b}/ f act or ?f
red $xlB! CTIREETREX ATRIERT (G B BaPRel GRE. PY Folacios @ idinofy one
embddifhen$ tBd chrdMinarite delciRatds47 inBrRa%es tHeCs’Hm;ﬁii‘Ig'rﬁfe f_ilc#ﬁ a4:2:2

vertlcally scal es the pixel data that are stored

sampling Taldio 3144 SAETRING ratpo InHhYe RATNSY. e GromaBee interpolator

147 Yé‘ét&r‘e@%é Yorigfal §QmPanaF§’te\b$rtﬁé ‘BﬁJe 8581 bifgrdne f'&?ﬂn@b&h&nt Cb)
known by persons of ord |nar% in the art. For

and gheargsl eolondifferereatgompanente(aef me g@ﬁbd@t@edlntfgne embodiment,
metHﬂﬁ@ﬂE?Fﬁgﬂ?i}Sh%b mﬁat%eﬁs%é 4@0%@1&@ ilvoR&ES oH|§'.ﬂae size

Finite e Response (FIR) inter ator.
of theHiargitorg roérpoiynt &} divided &y the siutriben of ld_ﬂ@t intee tvgrtlpabscaler 146

is Ie%{‘@gﬁ ﬂl,é n%slengthnew i mge can be forned having a

ent nunmber of |ines than the input inage.[0043]
Once the pixel data has been vertically scaled, the
[00443 hr oRnea theepixeldatp baabeen 1qmcalwcace@§@§cprﬂbn$mmethﬁg 400, the

plxe{ﬂﬁetgrr@%y Bg%oﬁvéffefdcf%rﬂrth(g'YHb%rr% 56 fd)@é)oﬁépt p%@g) Wat end,

color difference conpo
Figuomﬁdltbyawsfaaﬂo\mmagramm a matrpdeﬁoérfbod@mntmg pikel data from the

YCb@?%%Q%&@W@Sﬁ@ n,g?éeo{n Erda{ﬂgé Weoj\eté}ﬁbécﬁ%hf %h%%\%ntion.
At step 510,sa mediroetor dongpanienb (Rnafhtre poeledatal |3td3terfhzﬁr‘n’ed using the
restores the original sanpling rate of the blue col or
equalion; or ence conponent (Cb) and the red color difference
conpenent+ 2Cx,) of the pix¢d) data. In one enbodi nent,
met hod 400 nmay be programmabl e in that net hod 400 ma
wheffe ok P BRRG £o10E %“e%e@?&f e Hardarel Er ot Y color
diffefefiée HovipbRenhyf theepixelrdatd. Ak ihith@stdps ddderived w|tﬁabference to
sealer 146 is Iess than the |lipe | ength. % 044]
Figure,é. {hexcalor epase 1198 ffipieats %?rdttPcd&t?rﬂ)"%ecH]ee@ r‘iﬂWPg?”FBt (R)
acchEhg;tQ éiRtion e EieXSisoda'ﬂ Qp;ﬁ%yln@ioﬁ%'f\/tﬂétlﬁéhdctrryoﬂbﬁ&@d color

space to the RGB space. To that end, Figure 5
coeffl¢lern}§t89a*h@tsthay mayvhedplagrﬂ ArhinAry soet Ritge Stp colgr coefficients are

in acm.g%rgrfbwgthe' e8! coidtt SorhpHont tR) ngg ngﬁ(@ﬁ@?tat Ral e EBulated

I n accordance wt one ehb

usmgrwftawmﬂrhmeitc anepvedohe aseed radfipicaiompdndiis "Oﬂ)n%f the red
coloﬂh‘%&ﬁi&ﬁgh q% aof' fhed%ﬁ)@j 'Hd?&dtouﬁanetEHﬁmSGUﬁﬁt ' orrlnorge reiaYlvely

inexpensive manner.

[0045] In accordance with one embodiment of the invention, the red color
component (R) of the pixel data may be determined according to a logic diagram 610
illustrated in Figure 6A. Referring now to Figure 6A, the red color component (R) of
the pixel data is determined by left shifting the red color difference component (Cr) of
the pixel data by one bit (which is equivalent to a multiplication by two) and adding the
result to the luminance color component (Y) of the pixel data. As mentioned above,

since left shifting operations are free to implement, the red color component (R) of the
12
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where Y is the | um nance col or conponent of the pixel
data and C is the red color difference conponent of

wo bespined data. As in the steps described w tPCT/US2005/014175
reference to Fi gure 2, the color space coeffici

pixel a3 Lr-PEPHIHE e el bOrBRPe BN sIRaRer4gd the Tot shiftng

operdfi6PHddniBed th REAdiagtAm(eWo. are al so an approxi mation of
the i ndustry standard color coefficients so t hat they

n binary form Si
mo‘“ﬁoef ?f@ ﬁéﬂ & grqleﬁ i qpéppgprpbp zﬁg) 9{1&1 r‘é’ﬁelc‘lﬁt%r's determined
usin§ &iPeqRmibn( R) of the pixel data nmay be cal cul ated

usi nq bi nar arithnetic and avoid the use of
mul t IC"a@ 0" In this mPner, the red col or

whefP¥PRNABtIuMhRaneé dots &m@neﬂabﬁltﬁ@ pQ@I asfaeron Rethel Blud color
nore rel atively inexpensive manner. I

[0
diffegance coammorent af the Rikeldaia and&its te red @°i°ﬁ9€fﬁf¢fk9ﬁ cofrponent of
the p &gl &&bor%§m%e@‘t0 (e d%forts!b%cg'dé%fﬂc%kau&ﬁy tdP@etermine the

erm ned according to a logic diagram6
gree|n| qouzftoomp@demtn(%ag,gwélmo eReAteN (a@rﬁalﬁom\ atnqg@ﬂ@aaw of the

3 Sl CAMRABNEe e oy, K5 P8 o, i

the cnmpmeé‘merc:caye iofa bimarypioxel Magraerbyoloneompcnwﬁﬁd |¢f t@ pixel
oot 4} 59 BRI P bR ABHG00 oL A hbon. 1

this panakr, dh¢ greehs cotentoropeterd §GY ef the pizel datbtto e detemgined in a
1t rations. ar e fnreee to inplenment, the red col or
rela Sﬁ‘pa‘ﬁ’é‘iﬁ‘sk"ﬁ) 3t {hepl xel data may be determined in a
relatively inexpensive manner using the left shifting
[0047)per &t iasnordascs ivithd one  ¢érogodimentgf dive 6ibventjodD4B¢ gkeen color

com a8t P gl S ORG b8rho 105 185 Glgram c20

ilNusteated (rSB’ng}M“eeﬁBe Refesrindnrow torF rganrmeBpmlecgremoqﬂommlmmfent (G) of

the s R 98B TReS Bl aRing ey Sl pirererER Gammgnent (co

of thai ikelrdeie GrofotMeddMINan0é cblde cpmpehermtay gf tth%s%ukteleﬁ;s ﬁgd further
use 0 e

subtqugngﬁg%ﬁc%f%d s R aneyt Gt Ram el equat | on

(5) are also an approximtion of the industry standard
[oo4gj0l OAt &t 580, &mige solot leainpbhent (B))oflthe Muixel i data ididsteryined
 for Since the color coefficients are in a binary
US'”Q%}%QL{%Q Ngreen col or conmponent (G of the pixel data
may Be= yal zop,at ed using bigary arithnetic and avoid
the use of multiplication. In this manner, the

. . een
Whe_E’oT(d? ﬂ?foWH_Brr‘%WF 8 Q?an(orﬁ‘@”bi’&t@? Rl data,and Clds glpqrp}ygocolor
diffetéhcd dophFEneHe by tHengixeredsthY EASTHNBRPs 510 and 520, the color space

coefficients used to determine the blue color component (B) according to equation (6)
are also in a binary form. Accordingly, the blue color component (B) of the pixel data
may be calculated using binary arithmetic and avoid the use of multiplication, which
allows the blue color component (B) of the pixel data to be determined in a relatively

inexpensive manner.

[0049] In accordance with one embodiment of the invention, the blue color

component (B) of the pixel data may be determined according to a logic diagram 630
13
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[0047] In accordance with one enbodi nent of the
i nvention, the green color conponent (G of the pixe
walados/1mays be det ermined according to a | ogi c dreEUSaw5/014175

620 il Lustr n Fi gur om1to Fi gqur
usigzaSa i EiSgieL Bt BreTng dadrouEgC.dhe Blle Tl soraphien (@) of
the pIRd| &=t rsedbt&)‘mﬁé&)b dett ‘sHﬂﬂmP e lbluéecdw differéhéd ebmaaﬁent Cr of

component he pi xel data fromthe |umna

the R G D (MVCi IS SNt o T IAUOT by BHRIERG sdding the

resuft lﬂi“tl"mé‘“?drh|ﬁgn(§é1 QolbleGorﬁBb@éntd( fof &fee B&@| 8SXEPORE Ner@bnéd @Bbve
the result. [0048] At step 530, a blue color co

npo
since it shiftingconsrations e dreestodepliemencthe ! pﬁgtomecomponent (B) of
the ﬁgﬁaéétg%aﬁbe d\étérnﬁr%d i Q)rem%l IP(e)!p%ngle &Mé?%% the left
or conponent of pi xel a and Cb is the blue
sh|ft@g|0<preranlpﬂfd§5@rme§ I@@mﬁlégtam;ﬁ% he pixel dat a. As in
steps 510 and 520, the col or space coefficients used

(0050} © thﬁ’lEWh@%Fe@%m@' idedifeted 1o BRPRARRENtS BY tRe (beéé@nnweﬁnon

equation (6) are also in a binary form Accordingly

othet Aed furiher @mbgdlrrmﬁﬁp@fﬁémnvesslorbmavrb@ davised withoyt %@aﬂm from

t

the tgagk%qogﬁﬁ?rggft 3fd *Pﬁ(%‘lﬁt‘foi)e%ier{egfmrg deferfiboAPing ddifis!ifst follow.
conponent (B) of the pixel data to be determned in a
relatively inexpensive manner. [0049] |In accordance
wi th one enbodi nent of the invention, the blue color
conmponent (B) of the pixel data may be determn ned
according to a logic diagram 630illustrated in Figure
6C. Referring nowto Figure 6C, the blue col or
conmponent (B) of the pixel data is determ ned by |eft
shifting the blue color difference conmponent C of the
pi xel data by one bit (which is equivalent to a
mul tiplication by twd) and adding the result to the
| um nance col or conponent Y of the pixel data. As
menti oned above, since |left shifting operations are
free to inplement, the blue color conponent (B) of the
pi xel data may be determned in a relatively
i nexpensi ve manner using the left shifting operation
described in | ogic diagram 630. [0050] Wile the
foregoing is directed to enbodi nents of the present
i nvention, other and further enbodi nents of the
i nvention may be devi sed without departing fromthe
basi c scope thereof, and the scope thereof is
determined by the clains that foll ow What Is d ained
Is: 1. An inmage processing apparatus, conprising: a
red, green and blue (RGB) col or space to | um nance
col or, blue color

14
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di fference and red color difference (YCbCr) col or

space converter nodule for converting a line of pixels
wo esnitaes RGB col or space to the YCbCr col or sSpem®s2005/014175

wherein the line of pixels has a first sanpling rate;
What 13 Gl3imesdsce deci mat or nmodul e coupled to the RGB to

Y : t .e, wherein the
1 c%ﬁ#%@éng@cgﬁrﬁ%wg%dﬁ%%ﬂéonfi gured to generate
anainetdegnesi @nd blaer (E3B) aovloorspate tthelumimencef cplokeblge color

 havi . )
e 8, 35 Ry SRS, (U] Tor Seh poplffe P ror
conveetinige geliié bf) pixets frotrethee RGR eoloe epase rto ahe oYiCbEr Ices space,

h thag}tlhe e%maugst of a&g re res:gnti ng the |ine of
whefgity legline ot pixgls 1gs 3 Brst 3aBPYN9'8l ed to the chroni nance
deg iomesdroihande deeimatdranedule tdoapledrnte thé R@B remuCyCr solor space
e internmedi ate representatio

configured tq storge th ;
coneier Modvie; AiereiBaine; CRBEITAGE0 GBHERoMagule 15, #o8ligyred to
genéatar inteHiRidRIté ré fr@serdtiontat ithes ired 6 pixBIsina@ng & second sampling
conf i ?%réed to generate a scal ed version of

rate{iaich JR0 EE0 NECPLEAIPS Gi: WHerRdne AENbPbiaIaJeRrgSenting

the RRPREBIaUSePresehfitiBh 1s ek iHdithe @ATERt 6f difla PeptBSEHTINGARE fine of
I nterpol ator nodul e coupled to the vertical sealer

pixelghdul e, wherein the chromi nance interpolator nmodule is

cogfihg §{§>?éj mefhdr{ B &lIEd H‘_@le%ﬁérﬁﬁa?{&é’ GeGRalf middile, wherein

i nternmedi ate representati on having the second sanpling

the lingt stotegnemeryis sanfigsred tmstare thaénteirrdiale representatien;iang
th Lr st ' . ' J, L ;
APAEHLSRRR Sl nd Vi LRORCRIRE SR e vrtca
scalRGRoduleds cafiguedclorgenetate arsodied yecsiarpoidtie irdemnrdiate
reprgz%n%% ance interpol ator nodule, wherein the YCbCr to
ol'or space converter nodule is configured to
convert the scal ed version of the |ine of pixels from
2. t héher@hage prsicessing appearatust dfclahmB! dortogr eamrsising4a cmgainance

interi RSt C{%&ﬁgsc%iu RdABAAL %H?Capﬁcﬁ%latrﬁha? W%Fé?ﬁ Qh% .r&ﬁrominance
Pecon sanpling rate I's one ha e tirst sanpling
intenV;\)hata&or_ modﬁbe’? i am?gumd dlo_ecsrfgiv?g the mateﬁu\sersifzn odfathfn intermediate
er.ein e firs | . i 4 \ .
reprSeigidh hifing € s spBId rie & stalbusvaBgh ofe fine of

pixefsatiavirg thélfiestisampéingrateessi ng apparatus of claim 1,
wherein the R@B to YCbCr col or space converter nodul e

3. COPNE rirlhggé rb?oéésgﬁgogpp@ré(tﬁk “of “c?éiﬂrg Zb\‘d}ﬁ\rey C%Hpgig%t é “cber to
RGB color space converter module coupled to the chrominance interpolator module,
wherein the YCbCr to RGB color space converter module is configured to convert the
scaled version of the line of pixels from the YCbCr color space to the RGB color

space.

4. The image processing apparatus of claim 1, wherein the second sampling rate

is one half the first sampling rate.

5. The image processing apparatus of claim 1, wherein the first sampling rate is a
4:4:4 sampling rate and the second sampling rate is a 4:2:2 sampling rate.
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7. The image processing apparatus of claim1l1l, wherein
the RGB to YCbCr col or space converter nodul e
walsioenm4ees a | um nance col or corrponent (Y) of pahes10031@4175

of _pi xel s by adding % of a red col or on
6. thEe tm?@eoquﬁs,sagsanpaﬁwwf daig) berhers orth?%s E&éﬁﬁy&?&ttwlor
spac¥f cdnlertér M8dRé c@h\?@ts&hé‘ﬂﬁe & |§lf<eI§ u?in@fblﬂéw afithidtic.

conmponent of the line of pixels. 8 "The imge

proceSS| ng aratus of claiml ere| t he
e s otasang FoARYE of C'%uw@@ Bt AL 10 Blcper color
spa&oé&{veﬂéf rRIdBRCEeteMIRES @NLmikahkce Moldritdmpdient Y)%Nﬁbshne of

subtracting the | um nance col or conponent

pnxetsm:y 2qdiRg of Ofp? 5@ Soler G QW%GGEOE@PdWe(Cé)P'%ﬁbée?ﬁa green
coloP ) EinvpSHend of tHe IS ﬁnxé?é( ahM"‘% oP a blite chiBR %) com onent of the
processing apparatus of claim1l, wherein t to
line ofaHx@ls.col or space converter nodul e determ nes a red
color difference conponent (Cr) of the line of pixels

8. bYTﬁeU Pﬁé@ﬁ?ﬂo@gsélﬁ’@abwfhﬁ@rtﬁ%léiﬂ' PrwiktBIROREMGB Yo YTbCr color
the line of pixels fromthe red col or (R) conponent of

spageronVerier Hpdiie detesmings BIHG calongifferrnce compongit (Ghg of the line
of pit;(ﬁlg bytcﬁucdruré?gﬁq eoraﬁﬁﬁéd&e o pbhel \9' d’t' tﬁé :ﬁne‘MF%\')(%lé"from

col or space converter
the hlee eelat (Msonpeneeldand Hiyidinghedespbico. of the line of
pi xel s by addi ng the | um nance col or component (Y) to

9. twrﬁ‘@mt b%e%€ép$rgtﬁr&mmcpWsmtthé%sq& Yd¥er color
i ne of piXxels he | mage processing apparat us

of
spagg @qrmeeer MRkl determinesc cpd FeloRdifferasice cogipapent (Cr) of the line

t
o DSSRAST LAl s P L A RRL O U of pivcle o
the red|color (R} ¢amponsat obtnpdinem‘ piKels) a@cdeth@ the ues tdtydiwo
di fference conponent (Cb) of the line of pixels from

10. h?n% Hﬁ%dﬁﬁ&%ﬁ%@t&%gﬁ&%%%a%@ \WierbtﬁethE'\'@o@f to. RGB color

pi xe e processing gg paratus of claim 3,
spaggheanyerier medylematemungidbeger molosd éom@ﬁv@ttttérth%mpéplxels

: ' I (C o]
by SRR B TombaRicd o Rifiborcl (VY PoPiEt 182, relroq Sierence
compomrenti(@e cxbthqollrbeetfs)mets twi ce the blue coI or difference
conmponent (Cb) of the line of pixels. 13. A nethod for

11. Vefhd ﬁﬁ’ég%] t%%@és‘.l érhf‘u@ G cidin® |v§herFm the YCbCr to %?Eecolor

conpri si grecel e line of pixels 1n a red, _
spacgn donpeten Nia(E) detﬂrmrneep@eegremecoéorn(ci)heompmnbfof the line of

. i |
ptxe'g: é)z sglpﬁ‘% ) : tzteeﬁegim]::{) h?td@grpéel g ?%%é @?P\éﬂﬁtt‘h@gblbg color
diffetrante rongenebt (&) of the line of pixels from the luminance color component

(Y) of the line of pixels.

12. The image processing apparatus of claim 3, wherein the YCbCr to RGB color
space converter module determines the blue color (B) component of the line of pixels
by adding the luminance color component (Y) of the line of pixels to twice the blue

color difference component (Cb) of the line of pixels.

13. A method for vertically scaling a line of pixels, comprising:
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color difference and red color difference (YCbhCr)

col or space; generating an internedi ate representation
wobkooshe4bs ne of pixels having a second sanpl i NECT/EE®05/014175

that is less than the first sanpling rate: generatin .

a 'eeeivieg theling ehpixels ima reiiyea sfe@nr@&%éscglﬂfépﬁ%; erein

the IRBSf pRBISEIn B ek Reirstcahffing 4tel on of the internediate
representation having the Second sanpling rate to a

s ceanwertingrtbe dineot’ Rixals [fiof ther REIB( 68T KRS EP aHEMingnge, blue
coloS@fBehB8 ah@t&d cdiér diﬁ&%n@(‘é‘smgfco@ @hdBel3, further

conprising, prior to generating the scaled version of

t heeneratingrandintarmediate tapsesentation, of shelineggf pikels having a second

sam e e e SRl S Bt "Compr i cimg

cogeneratingea sdadeds\rbied of thesintermediatehvepraspatatibn;ande| s

fr Y, a 0: :
i R R Qers PG b e ARG b e
secandtsampling natehalaf scaleel Varsish of thegdinenyf pixaisehavirrg thehfist sampling
nmet hod of claim 13, wherein the first sanpling rate is
raten 4: 4: 4 sanpling rate and the second sanpling rate is
a 4:2:2 sanpling rate. 18. The nmethod of claim 13,
14. whBree imetioadh wé rctaimg 13, hiarthen eompriging e peorf tao genératiRizBhe scaled

vrs G in el o PRSP AEB\ Bt o s

line 4tBre Mbmonget hod of cl aim 13, wherein converting the
l'ine of pixels fromthe RG col or space to the YChCr

C e pr s m | .
15, o B S A B Bl P AP S8 Rlsen o e
line off pixdie fromntbe &MChErcelos spaceofo the RGR nolonspace( G

conmponent of the line of pixels and of a blue col or

t ' ' . The. ,
16, (e AOURRED il 15505 64 B0 Sl AR R e
samplirg @B col or space to the YCbCr col or space conprises

generating the blue color difference conponent (Ch) of

t ' f epixel ' ' z
17. cormonBmoR IR, Pt iorfin! indihG ot AR it rate
and ¢ seco(@pamplippratents;a 2R shroplohgrrgtet he result by two. 2

1. The nethod of claim 13, wherein converting the line

18. Of THRY ¥flufod bPBLMT8 3RHR R A trié;,iﬁé‘%f ‘6@9 &R Rk RGB

space conprises generating the re or ditference
color space to the YCbCr color space comprises converting the line of pixels using

binary arithmetic.

19. The method of claim 13, wherein converting the line of pixels from the RGB
color space to the YCbCr color space comprises generating a luminance color
component (Y) by adding % of a red color (R) component of the line of pixels to ¥z of a
green color (G) component of the line of pixels and % of a blue color (B) component of
the line of pixels.
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conponent (Cr) of the line of pixels by subtracting
the | um nance col or conponent (Y) of the Iine of
weeoeh 4ty om the red color (R corrponent of thH:T/'Umoytmns

i xels; and dividing the result .The
20. D s FietHothof I Jis WBHR/ CONRTtIN NS Dae o PE TR B RGB
colof:acgadé taehefy aticredoborf Jpate cBmpMS&gerdthtig FieasiBe icblok @fference
or sgace conpri ses generatl ng the red color (R

comggmfg heh} ofghe fipe of plﬁglscpry Y ;(gq:tgmgbtpe I,nﬁ@cq glor component (Y)

of tthl% %@F&@Isqgnﬁ’fhétﬂﬂé’%ﬁp {B)(cbmpdheht @néd 'dﬂ/ﬁjug tHa ré@ulﬁb)t fivo.
twice the red color difference conponent (

line of pixels. 23. The nmethod of claim 15, V\/ne
21. coMefathey Ph&laife Ji3e VheEsia GORVesting e |iin, of @erbﬁ Q’@F‘sthe RGB

colof 59569! RethgCashccedier sﬁﬁﬁc&rﬁ&steﬁiieﬁ%ti‘ﬁ |tﬁé ré®26Rr difference

nmpri ses generatln reen Co onent of
compﬁ%ent (@B bfthelingpipixgls §Ml§9p%§%‘ftlnﬁgth? Hémne@cetml@rr component (Y)

of thﬁti.I |anfo Pikets ﬁ@rﬂﬁﬁé‘?&t cdI& (R) @bripBRent d’fefh@flné)b?(ﬁkédsaeﬂﬂj dividing

I'ue col or difference conponent (Cb 1 ne
the r@sulpbxéms fromthe |unm nance col or corrponent (Y) of
the line of pixels. 24. The nethod of claim 15,

22, m?ﬁ@hfétﬁcf&"&?&lblnﬁ‘g 5! DBeftRicBAverihg i sled IOSrs}dn"‘Sf #k line of
gxe s fromthe YCoOr color space to the RGB col or
pixe

dJeere tee ¥6biCs eslagshasaid the REB dwlaiespess spMpEyes generating the
red ftﬂgp@%ef;n Bf‘n Attt thd i & tnﬂé é\(gi’ §?3Kﬂzﬂﬁj&f‘luﬂgné color com ponent

nce CO or conpone I ne plxe S
(Y) efvihe dine o pixelsetodtviasr theired @pl@n cliffecenasorasmoneabjCro of theelme of

plxels' ne of pixels.

23. The method of claim 15, wherein converting the scaled version of the line of
pixels from the YCbCr color space to the RGB color space comprises generating the
green color (G) component of the line of pixels by subtracting the red color difference
component (Cr) of the line of pixels and the blue color difference component (Cb) of

the line of pixels from the luminance color component (Y) of the line of pixels.

24. The method of claim 15, wherein converting the scaled version of the line of
pixels from the YCbCr color space to the RGB color space comprises generating the
blue color (B) component of the line of pixels by adding the luminance color
component (Y) of the line of pixels to twice the blue color difference component (Cb)

of the line of pixels.
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