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wi rel ess devices are relatively small with current
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power, which may be provided by digital signal processors (DSPs), micro-processors,
and so on. These processors may perform all of the required processing on raw image
data and provide output image data to a display screen for presentation to a user. These
processors may also support other functions and applications. Each video/graphics task
performed by the processors consumes certain amount of resources, which then reduces
the amount of resources available for other functions and applications.
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applications, which is highly undesirable.
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causi ng visual artifacts on the LCD screen
bpere Bl intpriagp upd)receives input image data (e.g., from the main memory) and

provides output image data for the frame buffer. The instruction processor receives

instructions (e.g., from a controller within the wireless device) and directs the operation
of the processing unit(s). The instructions may be given in a list, and the instruction
processor may execute the instructions in the list until a termination condition (e.g., a
STOP command) is encountered. The synchronization unit determines the location of a
read pointer for the frame buffer and controls the writing of output image data to the
frame buffer to avoid causing visual artifacts on the LCD screen. The processing unit(s)

may perform various post-processing functions such as region flip, region rotate, color
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DETAILED DESCRIPTION

[0022] The word “exemplary” is used herein to mean “serving as an example,

instance, or illustration.” Any embodiment or design described herein as “exemplary”
1s not necessarily to be construed as preferred or advantageous over other embodiments
or designs.

[0023] FIG. 1 shows a block diagram of a wireless device 100 in a wireless
communication system. Wireless device 100 may be a cellular phone, a terminal, a
handset, a multi-section personal digital assistance (PDA), or some other apparatus.
The wireless communication system may be a Code Division Multiple Access (CDMA)
system, a Global System for Mobile Communications (GSM) system, and so on.
Wireless device 100 is capable of providing bi-directional communication via a receive

path and a transmit path.
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[0026] EBIs 142 and 144 also couple to buses 132. EBI 142 facilitates transfer of

data between digital section 120 and a volatile main memory 152, which may be a
random access memory (RAM), a static RAM (SRAM), a dynamic RAM (DRAM), a
synchronous DRAM (SDRAM), and so on. EBI 144 facilitates transfer of data between
digital section 120, a non-volatile memory 154 (e.g., a NAND Flash memory), and LCD
unit 180. EBI 144 may also couple directly to display processor 140 via a dedicated
port (as shown in FIG. 1). Other processors may then utilize EBI 144 for data
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control region 220.

[0030] Phone status region 212 may show various annunciators (or icons) that
indicate the status of wireless device 100. Such annunciators may include, e.g., a mode
indicator (e.g., digital (D) or analog), a roaming indicator (e.g., roaming (R) or in-
network), a signal strength indicator, an “in use” indicator, a voicemail indicator, a
time-of-the day indicator, a battery level indicator, and so on. Region 212 may be
updated by application processor 128, e.g., at a rate of about once per second. Some

annunciators may be static and either enabled or disabled. Other annunciators (e.g., the
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[0094] Ve RHSatioiRBRtQ region 220 may show various controls for applications.

These controls may be in the form of 2-D icons, 3-D avatars, and so on. The icons may

be composed once and may remain static unless the entire display content is changed.
The avatars may be interactive, may move around various regions within display 200,
may be in motion (e.g., juggle), and so on. Display processor 140 may compose the
image data for the background, icons, and avatars over to LCD unit 180. Display
processor 140 may also update the avatars on top of the background at a sufficient rate
(e.g., around 20 Hertz/second), if and when the avatars are active, using the

transparency capability of the display processor.
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oFLRBAT st drartiom AL Ry TRarD e R ety nd, bmmon
digptdy embssbe qUO RanRYISIBANY Sipbort PCcOIsofsNT2A MBSUgANI28 and reduce
Different types of information may be processed in
reéwéa& Uity fdsplapprecespralAhperéasson e ravhs)by retrieving
b r 2
Ul By it ik 153 apBPHERE Mt il 5 B ater 156
Ffﬁhmslmffpr b%&émpdaﬁenﬁywﬁigorew intege rdatar’f@gnhslﬁay prdcessﬁg[lm whenever
nmenor 5 whi C y e us as an application device
FGPREN 0 bﬁga SR AGE 85041 107 Sl BRbi Btk widh e image
4P FBhYanb g 186 ?eﬁo&%ﬁ Ple. e.8-88 N 78aBH 1 ciently
transfer inmage data frommain nenory 152 to LCD unit
(0087, Ammhmpromsspt 0 way pedeun a béi0ofqmat-protessingrfithgtions on the

124.th h 128
indigf PR RRRRES Rt drage adBito T §Bit 180, cThese post-
pﬂofﬁ!;@l‘ﬁg tdiRhs arddeleQbd @ (1 NedhéRpR BRI bir@BAd B Brocessors 124
152 and witing the image data to franme buffer

thacwh lé P ane (Buineevel berdvg dth gifisicnel ofunein memoinhifs sddhat image

AR B30 R BB e SRR Bl B, oo

emmlmar&gespiay proi:déssm 4@ smppouth tiey follSRREY fudeticia! | Y
(e.g., at 60 to 75 Hertz). [0037] Display processor

140 yameRpuhesfhhrdfiza®dn DQFpHaﬂérf?aﬁﬁé B {866 b WAn&Mo avoid
the image data on-the-fly while transterring the I nage
dat a t eaus@m dsal artfacts Phé£D postn Wecessing functions

oro Bt S, 5739 tgorh (0% 3@ ﬁ%fﬂof, O B tion;, (lefvright

effici mr@f,/bgﬁbﬁ)mmﬂgs , SO that inmage data is
not read fromor witten to the nenory nmultiple tinmes

f or Fragegemposiitn —limaghcopy, copy with transparency, and alpha blending;

e Format conversion — color depth (up/down sampling), color space (YCrCb &
RBG) and color format (565, 666, 4:2:0, and so on);

e Script processing — execute instructions stored as scripts.

These functions are described in further detail below. Display processor 140 may also
be designed to perform fewer, different, and/or additional functions.
[0038]  FIG. 3 shows a block diagram of an embodiment of display processor 140.

A bus interface unit 312 handles data exchanges for display processor 140. Bus



enbodi nent, display processor 140 supports the
follow ng functions: Franme update synchronization -
wapdstiossde ane buffer 186 in a manner to avoi d eauaiSH®s/006327
visual artifacts on LCD scregn 188; | mage
transformations - rotation (90, 180, 270),
flip/reflection (left/right and/or top/botton), and
infeefatd 0ot 31Erracetvesompors intdgen dataefien Gapiv, mempyy W62 lin an efficient
transparency, and al pha bl endi ng; . Format conversj on
manast Gpsedepit %he( @ﬁﬁ%’o&ﬁ busesplinin g i |f@%r-b§ﬁ5§er8(wﬂ@b egeh burst
prée@@ngaﬁjbﬁg LA 2 BOYRbu mORur 888k éf&es ), RecR glgﬂgim generates

cript processi ng - execute 1 nstructi ons stor
addoassgstfer buhesafdcamniti Hlsfoardatadeadr i Tedinput fmagehdata is processed

HClPRTEH Y8 BarPORHE abrs LAY fobenED sy Bf MDD host 146 for
foRfeHiinsP UCT #RE 1 8®NBus MRPBRL u’ﬁit@ilg%r%%ksthé oﬁﬁf%ﬁignagg data in a

di agram of an enbodi ment of display processor "14
selegtedi formet (e, ania sQies dHapiakles pikglsaenoapsvdaigd gnfomgle-beat word
trdi eBil)ay processor 140. Businterface unit 312 receives

*F‘ﬁg “image data fromnmain nenory 152 in an efficient

[00B9INer ABagRtuciont PRcekst gR00feckives Snskddtid®/@mmands (e.g., from
four-beat bursts, with each burst providing 32 bits
copfrgller 1B9) pnd dises the enstationy ofcvarioys upky withir display pEpgessor 140.
t . for S, | i
i BBIEP Gl e SRR g WD 5Pl ARl 100
ursletet the irmagdreudata fureallf @cepattioh of tA2 LOD sdrédrer ThBinsttdetions may be

| . host 146 for .forwarding to LCD unit 180. S
PPV Phaescihl (org s ﬁgitﬂéscq%e{nsmﬁw ?rﬁa@Séordgf%pme%ses the
inStRlcBicheth fRMLRpt (Ril% tenﬁ&a%ioﬁeéohﬁﬁioﬁf(egérnzg§§“d@ NI, or HALT

encapsul ated in singl e-beat word trans [0039]" An
ingtrastion)cis icoepuptared sAbthiRife; imsuctimn processor 320 may set a status flag

i.nstructiops/ s (e. romcontroller 13 and.
toha RIS HRT TR B 5FoVips bird Dot pisaitiep e and
wilt 9628 Qlexil dQipt. TIRribRAShAy Blel Atved A8 SAhinBehbsy 1 5Met nBASolatile
to be gerformed by di splay processor 140 to update the

memayel Maeed fnstruetidn mpcessqict40 way &F prordded withoy pasnter Kthihe next

s LUCE | may be provided in a script (or a list).
schﬁ?‘i{orﬁése&%é;géd’. i nstruction processor 320 processes the

[0046]t r URlcpBREs BIM bidee parainptersiMidr Vardouseirotddsing Qmits within display
conditjaon (e. END, or. HALT instruction) is

PrRRSHRIDr B SR CPPIIT 120 BRI T Copob s GRD By processor.
TR e AP0 LD GO A A i s
320zent] nhayrbet thenitvead (esgy fioptest Sut dehtug pwpyosks)e st ored in

[OHH]n T hr%?lgzatcl)cr)n s%é)"u%'i? t},% ieeps track of a read pointer and a write
pointer for frame buffer 186 and determines whether it is safe to write image data for a
new frame to frame buffer 186 without causing “tearing” on the LCD screen. The LCD
screen is typically refreshed in sequential order, one line at a time, with the image data
from frame buffer 186. The read pointer indicates the next line of image data for a
current frame to retrieve from frame buffer 186 to refresh the LCD screen. The write
pointer indicates the line in frame buffer 186 where image data for the new frame is to
be stored. To avoid causing visual artifacts on LCD screen 188, the write pointer
should lag the read pointer. If image data for the new frame is written to frame buffer

186 past the read pointer, then LCD screen 188 will be refreshed with the image data for



menory 154, and instruction processor 320 may be
provided with a pointer to the next script to be
wexesssd2 [ 0040] Regi sters 324 store paranet ePeTUSR005/006327
various processing units wtdin display processor 140
and allow controller 130 to nonitor and control the
di spl ay processor. The paraneters in registers 324 may
thb @ewefanxy riglarafiet ﬂleanﬂ,ge datayfort thet ¢uitent Gamer Qe 88ddsirdRle artifact
and may be ggnltored e.g., for test and debu

coaurl?fége§§ferr om]aSAtWhrw 19 attheth mﬁrc)orunﬁw JHED  screen.
}?ﬂ%ﬁﬂ)ﬁl fi6 bniP B2 @mh &y ?ﬂdﬁiﬁafge%d@{wmﬁ@ t%lhé %f E@ﬂ‘ﬁﬁ? 1§@ {o ensure

er 186 an erm nes IS sa
thairthe wnrtmmgatedddm nbbpasathmena&pcamarto frams buffer 186

ot on in 82 8P dmett Aol st 1 AL GRS B igds Aaiagh blocks.

A'ftdﬂfe @ftdlﬁlehélai? HXW, tdohér@ﬁ isTRIRuABEAf kY 15 BB hBIW is the
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r ef he .LCD,.scr een e wite 0| nter
bipclbspl Gefiid o bRT Y HREHEODERA SPesTi NGRORDY g The block
sifthay bOSelédi&l NRYd bl Mdfouk Fadiéts BB b rf&dexa%lé“ﬁﬁ’é ﬁlanner in which

causing visual artifacts on LCD screen he wit

mempTy ascessimoal be ¢figienths perferthedoriathuses 132, ithraproceising Cfapabllltles

hS Witte o,fr rrebuffer 186pst th
o By e B b T2 T i St P RSkt bloct of
ditdehdloh MBI, WBEre AR af PR oMW, f aay®révidd tgodd tp%ffoh’ﬁalce For
i mage data for the current frame. Al undesirabl e

exampid, dsplayproassdoy 14@fey operatemnato:t ehlpeky, SxRiblbcksyend so on. A

r .on the LCD screen nchroni zatjon uni
1@?@5?@%% ke 9%@9@%80%50 Pﬁ?‘ﬂ@leoffl L}ﬁ?tarﬁsﬁ@t%zed to
proVa 16 O 42F ﬁé‘lr:] bich A ; ccg&e S ?rﬂgsﬁm&f? of RAdkscription

poi nter. an enbodi nen processor
beldk@mﬂbeamt%e&bbnkbmge data in bI ocks A frane of

di mensi on. HXW where His the nunber of lines in the

[0911%ine éqﬂlnmdsqutreu% ﬁ%(érecsweiﬂwt dmagg data feom Hyg iferface unit
[
s Sorde S fichpRt BGE o, b0 JHEAEE By itruction
pmcﬂssoreﬂﬂ) tand B®reyitsa petpufl ﬂaakihcmkinpiuz buffey 332 ot émbgdmay be
based ,an varj.ous factors h a for exampl e, .t he )
paRer 0 TRHHBIF Shio At Sesdotip Tapnab B GPBR At Of the image
arRShEIAAEBAI1YHIS bRIRESUARS30UHE PEFERS Thp Qn&’@lo?&htle' dil &% or more
of the units within display processor 140, the frane

blg¢l<zsemﬂan d geeenetrip, ﬁorsmea)r qone siumsoandohormn slnpwt Beéfer 332 stores an

r of t r oV
8 et B el b PRl R A37 ) apgosed by fip
andPfotate amin 33@ X 1ﬁléoima:ge3datz8>tﬁodm af kisputabeff&o33M is An the correct
16x16 bl ock_size may be advantageous, for exanple, if

orpsuptation farthe EETHsIGeR zed t o
[0044] A color convert and scale unit 334 receives the data from input buffer 332,

converts the data from an input video format to an output video format if necessary, and
stores pixel data in either a first buffer 336 or a second buffer 338. The input video
format may be, for example, a luminance and chrominance (YCrCb) format, and the
output video format may be, for example, a red, green, and blue (RGB) format. Unit
334 may also scale the image up or down in size prior to storage in buffer 336 or 338.

[0045] First buffer 336 stores a data block for a primary image. This data block

may be a normal size NxN block or a smaller size block if display processor 140 is



provide 16 bytes of data for each nmenory access. For

clarity, nmuch of the description belowis for an 8x8
wohoiskssd7ze. [0043] A flip and rotate unit 330PCEMSR2006906327

i nput image data frombus inRperface unit 312, perforns

flip and/or rotate on the input inmge data as directed

by instruction processor 320, and stores its output
prdedssinganadgd ofthe irhagde eSecSaPbuier I38ageresayiatacblock for a secondary

inigsn ThR GG RE PlOchT HPTFI0R DR TAPUIaE TREPQEEXed and combined
to il B QuiphP iRk fdpid c@ﬁgcsﬁigylvrmﬁﬁlf gffgh‘fduhg kP roverflagf is not

rotate on one or nore n stri
pesfeemed, then first huffos 33@ndresdhe data blook fd)IUﬂlkdtCB&Eresncandssecond

i .data bl ock t f d Al .
oS8 981 iy R COR T 356 BN AR SRR PlonEY e is room
fol B B168G8 a@RVRe BhFek34n i nput buffer 332 is in the

correct orientation for the LCD screen. [0044] A color

[08d6ly er tA mive blensl, end) arop 1884340ctasEives dathéﬂ@réqsafrdm duffers 336 and

ut . buf t he .dat a from
4 B oot Focn SRR, 0B b g Aol BRLogh o device
bwmﬁ! 39ROMRY JA0Xedy pkatfoarm droyih ©F aR irgut atatahﬂ&fke rUsi8840may also
a_second buffer 338 The 1 nput_ video format may be

perfrme alphpibiend gor W%@@Yaﬁanﬁfﬁnmﬁ%aﬁaeﬂm@t@bplocks prior to

ut video format may be, for
Ogtgﬁtﬁﬁém&gﬁreegﬁmgﬁzgn and blue (RG) format. Unit 334

[00&7/] al $evee dufet B42 ianlagls au‘p/muald diemd buferz acqapisoblotks of pixel

age .j n buf 6 or [0045] Fir fer
dadg %P@gma CL eﬁarxe i}F‘ iARrew; foggat tﬁ%ﬁ‘ﬁﬁdwamo expects.

DQ%Q@ 5uﬂﬁ‘ﬁ4§ Fin@r RAETRL s@hé &/idi MsHRek b effed R éfﬁ&leﬁﬂlyz ?rowde
It display processor 140 isprocessing an ed

hmds @f [pmg data Retbo famisiuffer. B3Bestnabvasiimentyldevacebufbic 3f4@ Istagies two

S0 L S SRRV o v
roRHEPMa BlbQ&kmiPhe AT BelibBB8fFer! 40t WEHA tol £the buffer

overlay i1s not” performed, then first buffer 336 stores
186 svhila tnewslatadodks rfort antheCrs erewnittan tb de&acmbhﬂﬁarfﬂér In another

8 s idle first b 3
exB iRty Sk PR HF B0 PRy it dal Dk WHEBEVEY a fine is
refifed Frodd UbAke Bdffer 34020401 whittehXo RineBuffandses rsggﬁdiéﬂttmemory

340 receives data bl ocks frombuffers 336 an

spaemiRH b8 fieebupiter siors|ope les mofe meyp Idpiednoaks. Xevithis eubetiment, cach
da?rggf?)gfé E&?«%{ vdatFe ) 01‘1:&1 &gm Bldscl%c%ﬁgdlgﬁalﬂﬁﬁ CKMQ b{rt]ltl"f? 4@% and the

rmcrop

appeoprizkesmerneryf adﬂfessds ral’ﬁigéhleﬁlt‘sﬂi for ehdteblsglathaniywritten to or retrieved
trans or iQn_on the data bl ocks prior.tQ qutputti

frorg (%Féfgﬁeclg‘%%ﬁgﬁ%r In ygt anot ﬁer embodlment device buffer %42 storgs image

data for an entire frame, e.g., with video, graphics, text, and so on, for all regions as

shown in FIG. 2. In general, device buffer 342 may store image data for all or a portion
of a frame, and may store the image data in various manners. Device buffer 342 looks
like a whole frame buffer even though its actual size may be much smaller. Device
buffer 342 facilitates block-to-line conversion, stores data by blocks, and provides data
by lines.

[0048] A format and write unit 344 receives the pixel data from buffer 342, formats
the pixel data in an output format expected by the recipient of the data (e.g., LCD unit
180 or MDDI host 146), and provides the formatted pixel data via bus interface unit 312



[0047] Device buffer 342 acts as a "virtual" frame

buffer, accepts bl ocks of pixel data fromunit 340,
wandsmssere des pi xel data in a row format that BCDUSmI0E/006327

180 expects. Device buffer 342 may have the sane wi dth

as frame buffer 186 to efficiently provide |ines of

pi xel data to the frane buffer. In one enbodi nent,
to BBivi4deortMDDE ﬂloa4]2168fbofoeﬁvatrdﬂ1grt0\llﬁ3]bfunﬁ6il188 Wrck4) may support

whi ch cover onl ortion of the HxWfranme .. .
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[0049] f r%ﬂiem@éﬂﬁ:ilelheégﬁr 330 dthfek edta MRAYYBRAEEITBIIDSy “arious
freed up to store one or nore new data bl ocks. For

prowdsslgg antid dithimdisplenotpegsser Ml breg 3 infereprangcetsyarious units

non nti guous thin dev buf fer 342
witfiR LG bRIRS: 1AE CrhORSot el it WG, piteysof 190 are
des@iseld iblfater G&railt belsww i tten to or retri eved from devi ce

buf fer 342. Li yet another enbodi nent, device buffer

342 stores inmage data for an entire frane, e.g., wth
Vi dboﬂgmﬂéﬂ)ﬂﬁﬂ%nd so on, for all regions as
shown in FIG 2. In general, device buffer 342 may

[0030]or e Syndgenizhdion vndr 326 Icoptrols tho rwiittmg of datafto dvel) vewitd 180 to
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facilitates bl ock-to-line conversion, stores data by

is rﬁng‘chsfroraﬂw qbhay e udfrangyprovided to he 343) soredno ﬂfhﬁttwo frame
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buf%gszal\@’ (!gare?at%w ir{ ﬁénﬁﬁ é%%e Ia%?‘%‘e}t Eg gﬁitocg%t% gs?} ﬁéefx)’egiﬁokﬁ!ij ngr frame

buf@( m%%ltlfb ﬁ{aﬂlé] ¢hdnSdrp tRA8 btlet ffahe Widfed fdreh@mnext ieBelihicn back
or host 1461) and provides the formatted
to tb? ﬁéf’ft %Pameabwea fon, thej fall@pying drages, @nd soron. BRpta fiana gew frame is

wn&@go thQ %Iam%db%ﬁfepfha{ R W@r@lﬁ? acl"c%séegl"ri)of‘Jﬁ'fh L G g?recyf' i t#&Hrame

support various output Tormats suc
buf&l(sazms net usk8 (dn gt 8 ridxetb rednte linaniohy mquﬁreﬂneﬁt) wthert synchribﬁlzatlon

|er iin_on bi , DDI. format, an
uniCiPemiieel e bUAE 1R pedasds 4 Gt s SCHP BOITE dar pot pass
up ﬁé 4ea?1cbo§ﬂiéllm @k&? kWiRaP %ﬁ%@t& td-fi6t a@ﬁé@& didhe O3S &rééﬁs
bandwi'dth waiting for the MDDl host to nake roomin

[0051]s | WBGt 4 oW the en:ntelmt 6f HsW Gate tuffer 486 u[seIDtLQJ]eﬁJesih LCD

i nternal nenory 322 st ta and program
sords) S5rE B Prte BTHG <o o8 o oeap e frigodigiayed on
LCﬁ‘E@reeﬁ\ 188 rad 4BitleR k& frﬁtﬁ&rﬁﬁfe? 1682 aH Satkidt ﬁﬁlev"fl'th@ 'réfresh process
processor 140. The processing units wth

readhi Igpd:lai;ta{ﬁr@n dremerbuffen 18 6atywically one row at a time, and wntes thee pixel
data onto LCD screen 188. The refresh process starts from the top of LCD screen 188

and progresses to the bottom of the screen. For the example shown in FIG. 4A, the first
m—1 rows of the current frame & hav-e been read from frame buffer 186 and transferred
to LCD screen 188. The m-th row of frame k is currently being refreshed om LCD
screen 188 and is indicated by the read pointer. Frame buffer 186 is typically organized
in the same fashion as the refresh order of LCD screen 188. Thus, when the read

pointer is at line m, the first part of the frame buffer from lines 1 through m —1 has



described in further detail below 1. Frane

Synchroni zati on [ 0050] Synchronization unit 326
woamisrosda2t he witing of data to LCD unit 180 POTAIS3005806327

that tearing does not occur @n the LCD screen. Two

frame buffers are often used so that data for a new

frame is witten to one frane buffer while data for a
aloaady ba¢n Gsednmd iisavaiiableav @d ubdned itk pixted d?taffbﬁmge\? ]ltﬁa&ﬁé k+1,

n rovided to the LCD een. The two frane buffers
Wﬁlﬁg 1@5 aphyeerpeered g1 dbe éﬂgscﬁﬁﬁh Roe Fgh b ecyaxué iy §arme buffer

18@ Eﬂdufd/ 6k b BRABRE YL BFRIsD lﬁdf[? ol 188 w‘?ﬁtdlé’ éﬂpgf the new

fromthe othef frane or the ne
fr&mglk%hellongmthhhe éurrantﬁfamarﬁe buffer for the foI | oLvi ng

Dataf IS, wiften to
5B A R0 R et 0o St e e
th GBAdSSdife M reatles tNOedd 8MBarid Hlﬁélsl S & vAahs b&%ﬁﬁjd f8mYthe last line
in order to reduce nenmory requirenent), the

anshgsthvio Al Linet 1. oRixehdata Sadinerisofi the new Stanfer Ia rrd \basf Wetterd &6 frame

o AL B /B e SRR BB, o
fidpRedrrodR of iR dew st geim hikdedd whikith tdharsd BYEel %G (%Bld can be

content of HxWfrane buffer 186 used to refresli
rregided i BED sgreen 188w Bawn ansdl bayendimey bpupddtediwith pixot data for the

foﬁgg,ill%gﬁm{lé ane, k bei ng displayed on LCD screen 188 was

o franme buffer 186 at an earlier tine. The

[msslr esiA psfiegke e5cle eadTeRésheds ARHAifes OMal Fias filmbf eXfidSthe last
pically one row at a tinme, and wites trie pixel

Pla%h of %\ﬁtlast e fo e framgehas Theen reffeshech op ISR seresn 4885 the read
pdihRF WA a&&lﬁd%eﬂr%e%—f&g&nto]lﬁl% la@g FJWLeﬁﬁ??lﬁ)FlPt&eﬁ data for

ott om of e Screen he ex
linkA] istageinfietrevedrfrom) framevbufiér 18kend ert&ﬁtto L(ETRré’enmc’&%e Pnor to

b read fromfrane puffer 186 d transferred to
08 g T PRE DRI LeRBOTS S el ST B AR bS updated

whEl 'pﬁ&l 68k TSSHE de? Trdntd BORRHFLBSS @ﬂ‘ﬁ{)ulcf’thhgl g+1ﬁ915%%(éiydata for

the read pointer. Frane buffer 186 Is typlca
the cyment fsend to betrefreshed aftersthe mdamlmhdocMne(sﬂuerdnﬂem imfFIG. 4A

et iR F A e Wit Frarana et iy femeey frame
before MiOkegH pBihtel 1dbageh (RastY 1186 fin ¥I6 U RBFd béfo?e\/lﬁie' @m FIG. 4B).
to be F{gdate with pixel data for a new frane +1

[00ptlch Aas refseshyiate fosdeGlP ssgrasn 188 emayChe voe eénnulﬂplﬂstlmes (e.g.,
30 BEYBM e SR DU L 36 ROt MY whe
thele\ms fievaventknt-far BCDrgresh 1881 MRthe tufrestntatd fsamtille tiRRE update
raea{lsh PRS0 i SPUNEA 0o PedeF oAk 67CIP G dheenmrand frame.
F(lﬁirb%eéﬁf)lef [fan® il Blte 88, 60 LML R Wf%eftﬁé)ﬂf)&a?eeraltea%. g, 30
frames/second), then there are two refresh cycles for every update cycle. In this case,
frame buffer 186 is updated at a rate that is (1) longer than one refresh cycle so that the
write pointer does not pass up the read pointer, which would lead to tearing with the
new image, and (2) shorter than two refresh cycles, so that pixel data for the new frame
are timely available to avoid tearing with the old frame.
[0055] The updating of frame buffer 186 should be somewhat synchronized to the
read pointer. The read pointer is normally maintained by LCD controller 182 and is

typically not available to other umits external to LCD unit 180. In this case,



and restarts at line 1. Pixel data for line 1 of the
new frane kK +\ was witten in frane buffer 186 at an
weaodsiosse7ei ne (e.g., in FIG 4A). For the exanpt&Uushmdnoes27
in FIG 4B, the first n - 1 jp0ws of the new frame k +1
have been witten to frame buffer 186 and can be
provided to LCD screen 188. Row n and beyond nay be
symphimh'mdtim tulit PR& elaydiat a veaical Higchohlzanbm gighdldrem KCHunit 180
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pREEHE peChe b STl , S TETAEe 361 g knowledige

oiﬂﬂﬁtkﬁﬁlmbdrhﬂ‘ lh%ﬁ (HPVYSr ﬁfamferlﬁﬂ}’er bughf £1d é'e&%s%@n%ih C{h@%pproxnnate
updated with pixel data for the new franme. Frane
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en th re iis new content for LCD screen 188. |If the
1%‘1‘“:3 eﬁf’gafﬂg ﬁypgqa&pgqt?rﬁégtquye update rate, then
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(1) longer than one refresh cycle so that the wit

p%?h@espvmld@rmt aqsHEASY Iy thiesukiicamnt povndater framhb@ﬁﬁenﬂ(sé wdthout
caluﬁﬁgalttﬁaét? é’&éeg 1kbe new i mage, and (2) shorter

res cycl'es, so that pixel data for the
new franme are tinely avallable to avoid tearing with
t he 2l Flippime anfl ®stationhe updating of frame buffer 186
shoul d be sonmewhat synchronized to the read pointer.

[0057 T eRHp RAH Rbfe drd u@%ﬁlﬂcﬁoﬂ%é&%@éer@ﬁe}&ﬁhr:@ﬁ units may have

control | er 182 and is typically not available to ot
arbiffiarysorisptationadf tho LCBcrentwillg®spdut ta thiessources of the images being
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orfeR MBS tant Cin @ﬂlﬂ@t&in gapexpéct thportr@hcRGhN &Y andih& example, a

vertical synchronization si may i ncl ude a &I se a
cellplar phope; may beqispd ferra aeéwoe?mr@e c@é o ts imegei fon auenpte end

mg}z%e "¥oded by an equipment from a manufacturer different from the phone
manufacturer. As yet another example, a cellular phone may have a camera in a
knuckle (which is the hinge of a flip-phone), and an LCD screen may be twisted aroand
almost 360° so that a camera on the phone may point in almost any direction writh
respect to the LCD screen.

[0058] In an embodiment, flip and rotate unit 330 can rotate an image in four

different 90° increments — 0°, 90°, 180°, and 270°. Unit 330 may also apply four



mai ntain an internal counter that increnents based on

an input clock and is reset by the pul se on the
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326 has know edge of the nunher of lines (H for frane

buffer 186 and can ascertain the approxi mate nunber of

cl ock cycles for each refresh cycle. Synchronization
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e
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ions to the image - unfli pped, fllfp
15721({1 a.lflgclﬂ)jgh}ock fashigme gaﬁl‘ggaﬁgg@wblock or the upper leftmost corner of

frame buffer 186. Unit 330 performs a 90° rotation on each data block fetched from
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main memory 152 and stores the rotated data block in input buffer 332. Once the read
point for frame buffer 186 has advanced beyond the line where the rotated data block is
to be placed, display processor 140 writes the block to the frame buffer.

[0062] FIG. 6 shows 90° rotation of an image. For this example, an image
composed of 24 blocks is stored in a 4x6 array of blocks in main memory 152. The
image is to be rotated by 90° and written into a 6x4 array of blocks in frame buffer 186.

Each column of blocks in main memory 152 is also called a strip.



and flipped both left-to-right and up-and-down. A

total of 16 possible conbinations of rotate and flip
wanestiisss2 possi bl e. [0059] FIG 5 shows eight BOT/AS2005/006327

i mge orientations for the L4 possible rotate and flip

conbi nati ons. Sone conblnatlons of rotate and flip

produce the sanme i nage orientation and nmay thus be

[0D6BDi n@isplﬁoproemwlém fist fetdhas blook b rohBthafil memary 152, which is
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biobE 'SCfoeﬁ]zﬁmé %ﬁff{ﬂetlg?' 28n %etgﬁ‘één t2ies dﬁlhaw{l{eg Madh of the remaining

cont’i guous range of’ nenory addresses
b]onlesfﬁ i7¢c areh8 irf the sbetndlsirig ’Ehaaéakneppremangis ptafoamedh fr eacheof the
ss _di stance.

ar at ed one angqt her by so addr
RS s o he Brage: Do POt esamoT A0 Aiionb e bormter to wrap
m%ﬁﬁ@ﬁ&&ﬁ%ﬁ&hé&ﬁ%@%otﬂé&f‘ﬂb% BrtegRe st!nﬁ%meqﬂﬁ gor the

width of a row), accessing main nenory 152 one coI um
at a tine may be very inefficient and may utilize a

| ar g3 pédee Funggions t he avail abl e bandwi dth for main
menory 152. [0061] Flip and rotate unit 330 can

[0964) ci @G, YAfdhiofvs %ﬂ%xeﬁbmyesambloeﬂaﬁg&msqa@a A12:0'y ROb Format
bl ock of pixel data at a tinme. Unit 330 first fetches

et gomaeari hpashfomaidsondinge YE2Ch foano oetomspuige e epresented
o] B a0 Ao SR B BB g o

the iHdge @hat(Rpred(CHavl Klaé 4Ch) clsmieihncd efmborumtsTiat carry color
menory 152 and stores the rotated data bl ock in input

inferpyagipn fythe anage. t Rechrafzhe pdipiels inrthe Bxfrblaskfis earsosug@d with a
ebfg% %ﬂ}lﬁ&?ggbcgeyﬁ? aceép f Oxj gl% enwncF f) & ecérg%erdoiiit og tlgetai 3.0 YCrCb

forinat, eoel ahd bulteeccfm@ﬁemb u.fef ﬁrbsalhﬂ@@ SlichFth& th@reslh @ns (€8, 8-bit)
rotation of an inma For this exanple, an jnm

Ce §#p8 284 oBg (22- oo Yaue i cagh U of fouEpREy. dfhe Cr and Cb
vRLQCKS 18P hIREREY of Bfe gr-gnﬁ of four pixels with off-site subsampling

(which is shown in FIG. 7A) and between two vertical pixels with co-site sampling
(which is not shown in FIG. 7A).

[0065] LCD unit 180 typically expects each pixel to be in the RGB format and to
have three color components — red (R), green (G), and blue (B). The three color
components for each pixel may be obtained from the Y, Cr, and Cb values for that pixel.
For the 4:2:0 YCrCb format shown in FIG. 7A, display processor 140 upsamples the Cr
and Cb values for each group of four pixels in the 8x8 block to obtain Cr and Cb values



image is to be rotated by 90 and witten into a 6x4

array of blocks in frane buffer 186. Each col unm of
wohoisks3d7m main nenory 152 is also called a PCT/US2005/006327

strip.[0063] Display procesgor 140 first fetches bl ock

1 frommin nenory 152, which is flipped by unit 330

and stored in input buffer 332. Display processor 140
at catteof thiei8x@pitdidodanivas adthblbdek. At ndgeanith bl if-ase ¥ 86r, and Cb

when the read pointer has advanced past the point
congouptds i gachk pw—‘ﬁlqcatl%léawﬂs‘bwhﬁb forewti ng does not
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plxglqgédtlgh%g&@égﬂ%earphtgtpl ay processor 140 wites block 5
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lﬁﬂéﬂc h &Gt B shews plmpngna@b@ ujmnﬁ»hng' psmg d bliear fiter tecltai a Cr

val e, ot K EpSlaTEs PLOTSRS gkt oyl RO e S5 Vales used to

derit8Qnvai} Galh®bre! the fo@aclofBi OF ealuwtov\ahenm?ew@él h&faB6# and are
writing out the rotated blocks for the [ast strip of

lab@lmaas %g@rz, Qrs, sndien. Ala&iri wive oy baforrpded zZnflions an
exenpl ary 8x8 bl ock of pixels for a 4:2:0 YOrCb format

that i1sqC n vi deo. For the YCrCb format,
a cﬁtw%m ed by (1) a lum nance (Y) Eq(1)

conmponent t hat dént ai ns t he intensity (or black/white
portion) of the image and (2) red (Cr) and bl ue (Cb)

s SROATTEREECE OPEOEIL gl 5 000 104 AR TR o

valmess1m@m1acbsleswtct the&ax@et wxel 18eakivn.) CouversaiyaErovial gieen the least

at. is.re ircled Y. F he 4: 2.0,
welgel P OO ¢ EeF B KeBRon h St cgettictents 9,3, 3,
andS WA TR ?&usél%bsi Tat vAIRQr frel R1ce@ &RhGthat Brebir) value may be
val ue and one (e.g., 8-bit) Cb value for each group of

confnted with singple ¥ itiops andcshifls (ferl mulsipliescby ®pewerd of wolhiastead of

cen four pixels with off-site
uSI%IBsreco?“png?n gﬁ;pméﬁt 19%’1 in FIG 7A) and between

[006810 Vv €oldrcanveyit mﬂ&mehhmcmsnfa? peifoRhi the coiititidnSshown in
not shown_ in FIG 7A) 0065] LCD unit 180 typically

equationecl) do ot %esam&ecb rvalue Har B 9 horé pitvel Iogatinpsan the
8x8t(gg)a§ Tﬁgl ?ﬁpﬁ%qﬂg ﬂgglﬁtﬁaled cf gahg@ for He5 &el(l@atlc?rﬁdalgﬁgu the four

edges of the block, Cr values for neighboring blocks may be fetched and used in the

computation of the upsampled Cr values. For example, a 6x6 block of Cr values (for a
12x12 extended image block) may be fetched and used to compute the upsampled Cr
values for the 64 pixel locations in the 8x8 block. The center 16 Cr values in the 6x6 Cr
block belong to the current 8x8 block, and the remaining 16 Cr values in the 6x6 block
are for neighboring 8x8 blocks. The upsampling for the Cb values may be performed in

similar manner as for the Cr values.



conmponents for each pixel may be obtained fromthe Y,

Cr, and Cb values for that pixel. For the 4:2:0 YCrCb
woaorss3ewhown in FIG 7A, display processor 140CT/US2005/006327

upsanples the Cr and Cb val yes for each group of four

pi xels in the 8x8 block to obtain & and Cb val uesat

each of the 8x8 pixel l|ocations in the block. An inmge
[0069]h alincelE® ﬁﬁlt EBO, typivdllZaceapip anges 9n ahe RGID formag| display

Iocatlonlsma :4:4 YOrCb format. [0066]

Presqset lnemesy RF‘;S@HMOI%@OHWSI% op é?‘fbd%mé‘&l’leﬁ YﬁéfﬂbottIQCk to obtain

I I

B Ring ROBHATE B S erlonain KB WADA Rlpy PR e in
matns f@m,asdolbvszal ues for each of the four pixel

| ocations in Che group. The Cr values may al so be
filtered {in one or two di nensions) a t hen resanpl ed

at thR|eal.pp%kl | dkati ohd || |ah |enBédi\nent, col or

conviert =andesral@ 9ngt _33¢4 3 tles128 |Qr . vaI ue for Eq (2)
each| pil x | ocat | in the ljo sed on four Cr

val u n Lllg‘g t%&?@at pl%xe &g ti sing a bilinear

filter. [0067] FIG 7B shows chrom nance upsanpling

B{0T D) 15 detgpen TR K@i dhitn bt (RES ROV B R b ublicly

availamal ues used to derive the Crx val ue are the four
closest O values to the target pixel l|ocation and are
[00Z8e| e&okar convert @id scalenmit ﬁﬁmmmrfom@ommowﬁrmen aailiseY, Cr,

oo ER s i T it i G Bhong R ey Vs for

thiepitel Bicaich. CTBe icomphiasies shéwn tillil eqliAioneR) Phasehe performed with
| ocation. Conversely, Cr is given the |east wei

myltiphiersi having sopremiis resolatipnsior the eeatfigienisl(cgo clagbltfh the input

VLR a5 oy 0 S s

[Oﬂal]ue ﬂmspl:lqepmeqsont B may hlss isegdé en aﬂaget upmsdcmdlrsshze‘. tSealing
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Féamg ﬂ%\ dJSE‘B T KATRUT PP@PF“ér%w PHOBS] ZeYyngg 1l or out an
t I 3
n&%@ XEEL f&”&’a:ﬁé“ré v?evI(HBdErt),o 3’%%?%}“2%1%3%@%%& gﬁ%baskfeeﬁ (e.g.,

own“i'n equat i on val ue
foir or phetohthofmbnaid dd4a p&lmhlfdrmcat ¢adlis anch so hmn. 8xthebsaabihg may be
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sdn® other BARSK | MOsdALAL ke i e glﬁ-t sehred vy NIAdrdtid ﬁvﬁ&e M is

conput ati on of the upsanp val ues. For exan‘pfe

the pgmbpoefihiasizontat pixgls die ghe( ey regolution andektie ﬁweumhmgéhonzontal
c d t

oRUESE Y AP Gt SR B s g poves

ofB, bkooks, 8The, m@nben. 16 C values in the 6x6 C bl ock

bel ong to the current 8x8 bl ock, and the remainij n<1;; 16
[0872), o Jhe comppiation fo a,gi¥en component X for a downscale by I/L, where L

may be 2, 4, 8, 16, and so on, may be expressed as:

avg =_£Lf sz(li.]) H Eq (3)

_]:1 i=]

LN

where X may denote red, green, or blue component for the 4:4:4 RGB format or
luminance for the 4:2:0 YCrCb format;

X(i, j) is the component value at pixel location (i, j) ; and

Xavg 1s the average component value for an L x L box.



are for neighboring 8x8 bl ocks. The upsanpling for the

Cb values may be perforned in simlar manner as for
woOhers@83e7al ues. [ 0069] Since LCD unit 180 typi catirys2005/006327

accepts inmages in the RGB fqgnmat, display processor

140 may perform col or conversion on each upsanpl ed

YCrCb bl ock to obtain a correspondi ng RGB bl ock. The
Sipedwer stk ofiCE ﬁrQhCB(Qilﬁbs isavii@Blemy elh @¥ip 66 8Atpixsls for the 4:2:0

matrix form as follows: G- 0.3918 - 0.813 C b - 128
Y@ﬁClz @n@&dgf |08]i]ilp‘(lt2.§101‘|1 g’ord‘@g chrprigange ¢opppauents for a downscale by

1%:%;&&&1@0 @aj(l\le c 601), which is publicly

/Evala F POO? Coﬁ{:}sdr convert and scale unit 334 nay
[0023]f or FIGoBArshowsny dowhanledy 1/D€or¥an 18 black] Fdur hﬁﬂlmﬁﬁse values
for each pixel locatign to obtain the corresponding R

inack Ay2 fov are) added pndrdigidedh by doun (9t shifig to theeright by two bits) to
oA 28,7 SR AR 08 by BB 67 ana

cdnii®nene fsfnice bﬁfﬂie$ of er ald CB Ralpes ﬁblre&d}epfoﬂiﬂldd on@ﬁéHJgroup of four
caonmponent s bits), and the output RGB

PixelE I the f<: O(‘éCE;Cb foe;maP 8 b| ts). [0071] Display
[06.’7?(C es %‘3 Pdé&n{@i’e @es a’rrp ?ﬁﬁe '\;Jﬁlgg irygaéﬁ][%(rg %vg a{’e added and

diRideR 826 t6 Uthinam, average Y 'ZéP&HTIoB ¢he BbxO ITHUbureTY VARG (for each 4x4
for canmera viewfinder), placing nultiple imges

bfghafg ﬁédeét@dghwéé% by éoyy. to obtsin an pyrsege Chuabe firltheopoxa The four

ChaEeF ReFah 556 g Bdee o i o B el i Frerage 0o

VaflﬁH rmt thd fb@x4 Efontinhkde LpSaiBlingOfs SOl ivhéd eBEbrming a

In general, an inmge may e sca ed by any ML ratio,
dawnseale hyil4 enreonsunber of horizontal pixels in the new

d L s j
10958 o §oP BB ey Ll bminghyal Gt iE AT RES bRGh Fradafd and
divided 59@4%8 dbidih #h RRYRE 16thidal€d vaRudfor tife bldek. 8Thelfo Cﬁ%iues for
so on. [0072] The computation for a given conponent

the (8P<8 dlensvars eddesl dngd divided Widibetolobirny aheveragd Cr §alugo, The 16 Cb

ik Eaﬁéﬁx%%c??aaéﬁﬁssn%%ﬁg 400 Pl By ACHosotan opvsree Cb
vathe,| FoRARGE G bl ot ool & ABMBLIng i) | S, the

conponent va ocation d XaVgi s
[o0he] av a6y 8Bcshops laemwmedlelbyB(Zﬁ faranl8»8 bhlotlaxThe 64 @ixeldein the
set of Cr and Cb values is availabhle for each group o

of
SxShlpckyargarrangesintorbbores; g yay yWindn dle, 8BhEach box contains 9, 6,
mﬁég Jéﬁglts at’[‘h% qm{'lﬂlrénéer\%h‘fdg iR %&%&earg QR St cﬁwdgd b? the number of

scal'é by
pixels in the box to obtain the average Y value for the box. The chrominance

components may be upsampled to obtain a Cr value and a Cb value for each pixel. The
chrominance values for each color component may then be added and divided in the
same manner as for the luminance component.

[0077] FIG. 8C shows a downscale by 5/8 for an 8x8 block. The 64 pixels in the
8x8 block are arranged into 25 boxes, e.g., as shown in FIG. 8C. Each box contains 4,
2, or 1 pixel. The luminance values in each box are added and divided by the number of
pixels in the box to obtain the average Y value for the box. Again, each chrominance
component may first be upsampled and then added and divided in the same manner as

for the luminance component.



1/L is dependent on the value of L. [0073] FIG 8A
shows a downscale by 1/2 for an 8x8 bl ock. Four
woumiswaswe val ues in each 2x2 box are added an#cdivseaedos327
by four (or shifted to the ripght by two bits) to
obtain an average Y val ue for t he box. No conputation
is needed for the C and Cb conponents since one set
[0078]Cr  anderepaly al dovmstdle @Ierﬂdm W?&@éhﬁe@ffoﬁaﬁh\lﬂﬂmk by
of four pixels for the 4:2:0 YOrCb format. [0074] For
gﬂﬁ pixelsiinghe 8N hlmknaW@pmammmben oEbetes 4xachieve the
box are_adde i vi ded t o obta an ave
Aot £ BRI et piwer ou e e S kg get t
I
O R e EgRiRts hPH A DuREMEN e, JERORdnEt yalues
foane ghlocsmg e Blomkeimdiy bie detcheadyant] ased foaoniphite the average Cr and Cb
filvera ﬁ é:b vaI .for the box. Chrom nance upsanpling
valyes fo; the, é’ﬁ‘a%f‘erform ng a downscale by 1/4 or
e. /
[Owluesblgﬁég%pgggrg @I ock are ad}gé%&aaﬁ%evﬁﬁﬁeggdﬂgme% P)etween

eaobpair nf enistingepizageid hoth tertoezeathlmdvertidahdirdetionk . AT NN block

16 _Cr values for the 8x8 block are added and divi ded
wily NN pixslsgpay be upsealed by dye topbigh 4, aNXIN dlogk viith 431N pixels, or
C S e
ool Rl o a8 B R Rl RSB ] oy b
penfotmed éd edribwy nﬂnmmscdhlangerbbodlm%nt bORBiz] 1an1‘§bla1&Bl is used for
shows a scal e 3/ 8 for, an 8x8 ock. The 64
lugyinagce ap bitie @&plapée Fgﬁ@%& PPN ek perform the
¢
Bl o o 0 A B
loazﬁé’d dl the dits Y tHI XN WIGET a OR-+P)x(H-3) block ﬁh@y be fettled from main
obtain the average Y value for the box.
memPMXAance corrponents may be upsanpl ed to obt ain a C
1048010 6 Sa oV B i TriEBRTeBh 6L wp A0SR0 B0 Ry Ao
1nﬂhrpbl@t®di)dﬁlﬁd]f6rﬁ&ﬂ&mﬁyblexprme<ﬂag the | um nance
conmponent. [0077] FIG 8C shows a downscale by 5/8 for
an 8x8 bl ock.__The el e, bl ock are
ar r aggggl 4 o D+ 8C. Eq (4)
Each B‘bx contains 4, 2, or 1pi xel. The |um nance
val ues in each box are added and divi ded by the nunber

whtte 55 S A 1 <odie Iosaany elRebreuthat teds el Ko 5; and
?nean ﬁgﬁﬁg& lx? qs Qﬁ]i Jaﬂ?erlo@ﬁ&ﬁghﬁf'—glx%l ffdsﬂﬁﬁils 't@thte I}th'? 8‘1“&(;' 2 J)-

As shown in equation (4) and FIG. 9A, each interpolated X value in a row is determined
by two X values to the left and two X values to the right of the interpolated X value in
the same row.

[0081] FIG. 9B shows bicubic interpolation for an X value in a given column. An

interpolated X value for column j may be expressed as:

X(@-3,/)+9X(i—1, ) +9X(i+1, j)—X({+3, ])
16

X (1) = Eq (5)

where X, (7, /) is the interpolated X value at pixel location (7, j);

X(i—x,j) 1s an X value located x half-pixel positions above X(7, j); and



for the |um nance conponent.[0078] In general, a

downscale by ML may be performed for an NxN bl ock by
weano@ngsatg the N-N pixels in the NXN bl ock i nt 8C®US2005/006327

proper nunber of boxes to agfji eve the downscal e. Boxes

of different sizes may be evenly distributed across

the NxN bl ock, to the extent possible, to reduce

ar t i Xect s, ji) ris b dibwriscadddhdlfpigel pdsiticasibemc & (i @) .ues

for nei ghboring NxN bl ocks may be fetched and used to

ARV Gn t g
Aggvvnscg égﬁl rmggﬁ ?10079(? g%cngleaiuﬁollta@ﬁ %N$atue in a column is
detgrsamgal bynigo Kyvatues abaverand tpiox€ivaiuss bcibwrthen Iinielpdlated X value in
hbetwee each pair of existing pixels in both the
thi SHPS EHPRP- and vertical directions. An NxN bl ock with
pi

O R SR P RSP il MONIR 360ty B PlFdhed by (1)
infsirpeditengasach hew of ithy blatk l:d dﬁkln ifilerpol at¢cepizel wtluagsnn rrMhdmizontal

.per.forned in.vari m nbodl nt. bicub
aifeie LA (D BpoRiRe PR PP RAAE dRe SRR e fo ‘obtain
mte?;scﬁate@ bﬁael Oﬂuéssmbtﬁ@ deﬁ‘ueﬂ dﬁrec@&fi f-ihe 1ok Cr ah@ Cb may be

formthe bicubic and | i near |nterpol i on on al

pqumb@ by ﬁlkumalmhngﬂ:lﬁ@mlnammlomtmg atCFrevaﬂuwdsa Cb value di’or each

o ST TR PR GRSl v

lobativmbioCthtedtiftefsl atd pﬁ(ef wcaﬁéhs)fhmadrb! thalﬂfp&el gb \tB rigMyVhalf-pixel
An |nterpolated X val for row i be_ expressed as:

befowy, qnd) halfpixel ty(the pghtxan)d alf-pielsbelay the grisedlae] location. The

Iﬁ?’izlﬁg%éf LlS& B2 'I?E‘l)g&\q}zﬁdhe icr %ﬁ%EISOfT}%fIéS txaefl the ﬁg&?h%%m a set

oft R, Ghend Bg'hatluesfor)é( set of Y, Cr, Aad ﬂ’mow]luesnfoeqaxﬂt pmal Iodation in the
and E}I A, each interpolated X value in a rowis
upgarglefl; by two X values to the left and two X
values to the right of the interpolated X value in the

sanmeq ! @Yy apli&SHin&idhs 9B shows bicubic interpolation
for an=X~vatrue Tm a grven colum. An |nterpol ated X

(08881 AR plRbel 0 W B e BRI P il ey B eegebad. an

entireXblock miay, le tetrieved Ebr>éfﬁﬁ|31htﬁnérﬁ@1§'ta©des& rRIevet, X)ﬁly a portion of
p03|t|ons above X

é( J soandX(i ﬁée!x% is an X val ue
thP b&ffké’aﬁ& qiRfofessedand prg¥ided tpnﬁarsé paiferd§6. In this cages mix, blend,
Y)‘E u!nﬂ ﬁl@uﬁfp's%? cﬁé:) r{ﬁie E{) g? Elat %@%t n@é {ODB&J: g'{)o%gss%(d and

Ina colfum i1s ter ues
remlmtthwiesh(red@bttﬂm. bel ow the inter poI at ed X vaI ue in

[0084] Display processor 140 may perform alpha-blend to combine two images to
generate a single output image. Alpha-blend may be used to superimpose two images
on top of one another, e.g., to place text over video or graphics, to show graphics over

video, and so on. The alpha-blend may be performed for each component X as follows:
Xout(i:j)=a'X1(i=j)+(l_a)'X2(iaj) > Eq (6)

where X, (i, j) is an X value from first buffer 336 for pixel location (7, j) in a block;
X, (@, j) 1s an X value from second buffer 338 for pixel location (7, j);
« is a coefficient that determines the weights for X, (7, /) and X, (i, ) ; and

X, (@, j) 1s an output Y value for pixel location (7, j) .



t he same columm. [0082] The upscaling for RR G B, and
Y in an NxXN bl ock may be perforned by (1)

wono@rogsd7at i ng each row of the block to obtai nPCT/US2005/006327
i nterpol ated pixel values i mithe horizontal direction
and (2) interpolating each co]l um of the interpol ated
rows to obtain interpol ated pi xel values in the

Tygichlly; & < ¢i < ECAI larper Vlge biP&C givesihotedtveight RN, @b7) Tavd Hemaller
performed by (1) upsanpling chrom nance to obtain a COr

valat uf cagireamobe weighetof ¥y(7,6ach ori gi nal pixel |ocation
and (2) copl%/ﬂéwg the & and Cb val ues at each original
t t

[QO8REI 1MER adt erpp anitn 340 marvaperdorpt elthattdenst fasnepch pixel

i, B bl B L 8 o ! AL BBl sombines

tvos ]ngzthads m by ffers|336and 688 dehBe sqse pixeNig cathn aaidssu)rbs?the resultant
e n ot hg manners. The result of the
Efag |V"ﬁ’§ i glegicg bpffey 343, Feyffons 3B gandhiifomay stoge e blggks for the

oSl 899 b segd e ORI 2y e

maydlxeesed)for]adl;ﬂlaﬁﬂyncb rA rscaied)foﬁ)@gfomfd ploxlg| « d€f(@,/) aﬁlay be stored in
necessarg entire block may be retrieved fo
figst hugee 336 Ndworihe dvegrosnd biogk e rstriovady A qgaleﬂut@nkgﬁ’und block,

(i 5= ey, Ty oo & SRR h B s e dpi5geuAf lock when
e cE %-bgﬁdﬂg gétrf%‘é the portions that do not need to

e processe retains the desired portion. [0084]
[@86p| ayDisplay pmssoﬂMK) may pﬂéasmmtrms@hmhay tol shiod drdy a background

TRFEBABY ChoTRERy I 080 P o BBPPAUIL ST O | PR cgund and

fdr@@o@ﬁd ﬁﬁﬁ‘%e@nofﬂa% e%c mayl R BdeAC 8 of ecEStshQ\\)(fea[n o &R tQ}Et over a
hics, to show 2 over i €o, So on.

b@qummﬂllmge rTMdeblema rahd icrapdurfit B4 @ sualy p@cﬁ)}m lthanem;s for each

o8l |Bffop, & 8% eptnd e Dnl 3 s el Pt bbb piel

103 a@orf @r% JPox albabmmﬂdqmagé) frdm YirétbuBePB 9CHid ahotier tpbael v&lue for

an X value from second buffer 338 for pixel |oca
thej same pix¢ldogationpis, dpenforegaund émégqh&m@ scmd\mf@hﬁéi% If the

p)%g %ﬂ{ me')/edaﬂglil‘l)%egcgﬂ bufrer ﬁ%qyég#éyp - irang aiseng}U éf?lHlt bn unit

I Xeé oca I On

340 Wwaitgethe \patau @alik feongifive duffer 836ves géticd mm{rl 34R) Othaﬁdse unit
3?%small r val.ue_ of a gives, hore wei

P g, ﬁaﬁoseeqr@pb#ﬁqrt%&f% éﬁdyep@%ffeérw Each pixel
vathe MR oRiEB e Rcofoled?dPB bits (e.g., B = 18) and falls within a range of 0
through 2° —1. One of the 2® possible values may be reserved and used as the
transparency value to indicate whether or not to display that pixel value. The
transparency value is thus used as a mask or a “key”. The same or different
transparency values may be used for different blocks. Unit 340 is informed of the
transparency value applicable to each block.
[0087] Display processor 140 may also perform transparency in combination with
alpha-blend. For each pixel location, the pixel value from first buffer 336 is provided to
device buffer 342 if the pixel value from second buffer 338 matches the transparency
value. The alpha-blend of the two pixel values from buffers 336 and 338 is provided to



| ocation in the output inmage as shown in equation (6).
Unit 340 scal es and conbines two X values in buffers
wGB26arsam857338 for the same pixel |ocation and sPOTES2M08006327
resul tant output X value ingevice buffer 342. Buffers
336 and 338 may store two bl ocks for the foreground
and background, respectively, for al pha-blend.
dAlicecbnffer 342 \if the pixed | valdeufibar sevayd Danffes 3B8f ddes not match the
al pha-bl end. A scal ed foreground block, a X1(i, j )
URPASBOLYHPRd in first buffer 336 when the foreground
K i
[Ohbgf 'l%x{ 8@'«{1;%19‘4@ g. sp&laél%g%eﬁfg ne%ﬁéx&‘ﬁn?ﬁg&g?‘gﬁ% 3} apixel value
lnwamwblif&rééﬁ ] nl(cheb laorkievihea s¢thveldyae legrapspatenslyowkiei sThe pixel

vt bt Fnnd BORELI TN RGP B BRSO YRS iAo e set

cd16F 8Rd S BorkdtPaIRlin® hixd] VaRRI fcthi A8t BhFFQOLIB Ihrovided to device
back%round and foreground ineges. Transparency may be

bllf&?@ 2@ﬂ§rWIS?o show an icon or text over a background
' t. 34
e ey 2 S SR PR B K0 o it e

plIxBP@Bp) urlué 1n'%l thulligdle bity per sx¢livatle. vaielxﬁlefbpp \&h@l ®Nbe used to
for a background_ inmage) from

i xel. | ocati og@é .
tegily gepregsnt a;ﬁrrr mHbPkePrRvalEE MY be ¢85 apHS-lahyalue that
1n91u>&@§ 6/bRS lll%ﬂgggltg fﬁ?r %rﬁén Andl %r‘tﬁ&r FBfle! FERS T Erﬁ%rﬂgg] value is

second bu e pi xel ue retrieve
eitheec arfdntbedldreset ﬁﬁ&extad:rcahwspmencazn\saﬂmer eRlesymuhipleehppt vedue may be
gl t, 340 V\(/{)fofs gge pi xel value fromfirst buffer 336
ey IR fecen ©&P33842. Otherwise, unit 340 writes the
[009BE! VEeUSorhbiRMicte 6P Mk Bt f &hadkiéh tafd dRMissR &5’:’“ ilﬁﬁvs display
342. Each pixel value in bufféer 338 is conpose
priocesso MAQyto exming gjchalrbiprf walhe fiwint fiish baffclaﬁfeandf then wnte either
t hr ough S
b Fo B SRl o Rion s pd Bl S0 A P18 o deviee

bufiieizgat e whet her or not to display that pixel val ue
The transparency value is thus used as a mask or

[00REL, " . Fpreclasityte gipeeifie feaphodiment ofsgisplan pyoseaton eléon%sﬁlgned to
k 0 [
PRt Fapeite ok DaPio™ B reagliebtoatldter 1 T Wosian of
d@ﬂ@ﬁﬁmdﬁsml BY) hasosiss been ﬂl&dnb@cyaﬁdl showerih A 3. In general, a
transparency in conbination w t ha- bl end.

r
diSpIR% PTPCSESRT BRY POH eﬂ‘ﬁ.%rm%hea qosrand Hi E@rt@s@m can
fabﬁltﬁé N Hadrd-Qf ﬂﬁé(gcc&t%ftfn? Framié %uﬂter U rﬁib}?‘l %@ééﬁ@r may thus

from second buffer” 338 matches the transpare y val ue.
beTHesignqdhwith| fewer, aorehand/aodiffierest prasksssrg fmibnthbu flicse shown in
F%?g and 338 is provided todevice buffer 342 if the
el value from second buffer 338 does not match the

[0092] Display processor 140 can provide various advantages. A common display

processor 140 can efficiently serve multiple processors that provide video, graphics,
text, and so on for the LCD screen. This can reduce the amount of redundant circuitry.
Display processor 140 can relieve these processors from having to perform post-
processing tasks, which may then allow these processors to concentrate on their own
specialized tasks. Display processor 140 can write image data to LCD unit 180 for
these processors. Since the LCD unit is normally slow, these processors may waste
many clock cycles waiting for the LCD unit to accept the image data. Display processor

140 can write image data efficiently to the LCD unit, as described above.



transparency val ue. [0088] Text overlay is a speci al
case of transparency. In text overlay, a pixel value
wonosassatel buffer 338 is either a value for a Ber/us@iosN06327
or a transparency value. Theypixel value from second
buffer 338 is provided to device buffer 342 if it is
equal to the set color and the correspondi ng pixe
[009B1e fIDisplafyipredesdon 1@ caB érforn postiprateskitig@tadievorc én image (e.g.,
buffer 342 otherw se. [0089]. Display prqcessor 140 pay
16 P B L CBYBIIG: 55508 @%%PPS 6&% BiRn9pdp tfﬂnﬁ@mng the

1&5&% ﬁ’ﬁlllélﬁuffélt 1386'“‘1“1515 Wﬁd@blﬁﬁl iBfs wﬂéﬁé% x:%éégsor E‘ﬁorms post-

one pp val ue may be used to e |C|ent rese
progsssingToe lmagetsu t}hateaxb mpbscqumlmdnycdwéqd andynot (hsplaﬁdbmn the LCD

t hat d bits f ts f
SR SFB1 Prenhlfs BRGE Dexerrarivet S bppowst e FMEFERgideo, and
p@st-fp%tieséiﬁ Qﬁa}s ot Jk@spetiet Pimed ﬂfaﬂ%ﬁaﬂi&n@/ d¥pla ?@d fdhQarious
multip val ue nmay be witten to second buf

1e331S, fgabeqawﬂlemmh@alaggedmewﬁ@ font expansi on and

[ddﬁﬂ Sp a[gﬁgﬁé zﬂ%ée I(Jb 2 % ?% f@ ol es > Oggrlo;gm%}ri%htg vaP Iap efficient

nhhdrer Foh exampsle estmelﬂ ﬁtcid@ss@n‘sxﬁaby Wﬂlﬂﬁﬂ@/h@@l&ﬁﬁ@ﬂlﬁble accesses of
buffer 338 or Iected font color to device buffer
MEHD MEMRLY 11]52Ij<9r pfa j sape gf dheapostinsocepsiegitaskh(e.gf overlay). In

oSHhRl, RikpB G, 10 B T BN doProfiedt Ry RRE Rwrfe e, one)
eIy aCQESSGGJ dpikplyy pravesss b40 Mrdadsmagesdatb @eits native format and
d |nFI eneral, a displa
Cesumense R Benitefl, Dicnliseprooreocl il s epcsi siplocks of
ditu n@hicﬁ Mndy B4 nfiRA nh36 letfididhk Fort ABmbHARRER anAf sof Rrations such
data to the franme buffer. The di spl’ay processor y

ag RO rdsatiate s Dyspday piockssbe i) cameffEientlydirovidelioivfpat émage data by

iR B phBel Brinth Suiead o 0o, 2iselay bFeaises 140 may

1&&@ O cditRileRY SPHRE 85 Sffre Fhth LM nfbE a%qm,élﬁg R to frame
mul t |§JI e processors that provide video, graphicCs,

buffset 186 oudsr do redircet dverhe@d assacisded withi writeg to drtuframe buffer.

ol R L 0D bl e DR B 55 s n

th@eﬂl}f Qi) (RO Gide PURIE SBAFIddtRASK SramétbuFfer 18Y it AR foRhbiO¥ pected by
hese processors to concentrate on their own

LQPeQﬂn&P loapd;widivat caysg tedrings ocessor 140 can wite
[dO@BPe dﬂ{eadfsﬁlajy%?o&ﬂgkér &égnlge(ﬂr herein may be implemented by various

means. For example, the display processor may be implemented in one or more ASICs,
DSPs, digital signal processing devices (DSPDs), programmable logic devices (PLDs),
field programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions described
herein, or a combination thereof.

[0096] The functions supported by the display processor may also be implemented
with hardware, software, or a combination of both. For example, the various processing
units shown in FIG. 3 may be implemented with dedicated hardware. Alternatively, one
or more of these processing units may be implemented with software modules (e.g.,

procedures, functions, and so on) that perform the functions described herein. The



t hese processors. Since the LCD unit is normally slow,
t hese processors nay waste many clock cycles waiting
woaoostoees7bCD unit to accept the inmage data. D BOTAg2005/006327
processor 140 can wite imagg,data efficiently to the
LCD unit, as described above.TOOQS] Di spl ay processor
140 can perform post-processi ng tasks on an i nage
s¢fevaye cofits may betsttra] incohemoey anie (& 4.0 henfoes aalt 822 aNFIS03) and

on -the-fl rior, to transferring the inmage to
e’F‘?%‘F?E Lﬁ‘I?TQFes%‘E‘%?-g’FH?%mﬁw Rrecesse3)-ons wher eby a
OU9TF €S S f e f CREH | i -
[ S u_b]s: eque n%dpggrs daigs (I;{g?lg%} gﬁgﬁ n%t§ Srgfl%ge a%gyaggﬁtg ﬁa?ktl tﬁg %%%Eg certain
septions nThessrheadiagy hee, noft iatemeted ra finkie theekcopeevthe aohcepts described

aorder f.or an .MPEG vi deo, and post:-pr.ocessi may be
58 et gR0 S Sty AV PR S dapeeipns throughout
théahti etifi@6@dls, €©.9., because the video has | agged

the audi o. [0094] Display processor 140 can perform

[4098] postherediessdesgriptionef thedigelosddf dnaiadimenta rrmrovidedto enable

, r. PLOCESSOrsS y ordinarily require. .

o R, BBE b BT R IndfR F 553, sy B fisge Various
motifidatopoist thigecnetsiimentt 85l be teaddly appMefit t8thosel sRilled in the art,

%ﬁntrast, di.spl ay processor 140 maybe able to perform
and,ihe genergrriggiplps defied hereigmay deapphiediiorafhercasbodimgents without

r I C -Rg S L.

A5k 88558 o LAt SOOI EIR, biabSoventonis o
intérslpdl &ybellimided i thy epbodiasmnty shdwl hatesiwbutie tabescconled the widest

bl ocks.of .da whi ch, may. be ch nore _efficient for
SSRGS EL 0L R ANBIRSS BHLRG BHETS IGed 6Tt at | on.

Di spl ay processor 140 can efficiently provide out put

i mage data by lines and in the output format expected
[0999 CDWHAT¥S@LMMED£S: processor 140 may inform LCD

controller 182 that an entire frame of inage data is

being witten to frame buffer 186 in order to reduce

over head associated with witing to the frane buffer.

Di spl ay processor 140 may then retrieve input inage

data, perform post-processing on the fly, and provide

out put imge data to frame buffer 186 in the format

expected by LCD controller and w thout causing

tearing. [0095] The display processor described herein

may be inplenmented by various nmeans. For exanple, the

di spl ay processor may be inplenented in one or nore

ASI Cs, DSPs, digital signal processing devices

(DSPDs), progranmabl e | ogic devices (PLDs), field

programmabl e gate arrays (FPGAs), processors,

controllers, mcro-controllers, mcroprocessors, other

el ectronic units designed to performthe functions

descri bed herein, or a conbination thereof.




[0096] The functions supported by the display

processor may al so be inplenented with hardware,
weabdswas@2 or a conbination of both. For exanpber/uskms/i006327

various processing units shoyn in FIG 3 may be

i mpl emented with dedi cated hardware. Alternatively,

one or nore of these processing units may be

i mpl emented with sof twar eCINENVES (e.g., procedures,

functions, and so on) that performthe functions

descri bed herein. Thesoftware codes may be stored in a

menory unit..(e.qg., Meno unit 322.in FIG. .3) and

exectt ed léﬁﬁgw@ggﬁﬁﬁﬁ%%Y63%“§ﬁ@??%89@@ﬂmﬂéocessor

320) an [68%4ck viRaperBfe R RcdiRCInddemndtaardddrovide output image

reference and to aid in Iocatlng certain sections.
dagm E @rerenttiog on an elegwenic gereeideddt o |init the scope of

the ¢o pt s ribed .t herei.n unde t hese .

conciotifes RESEHInaciit SRR B maAl Ik RS post-processing
fulnbfiGie et inpiiemesd ddte tcsaﬁ@ihfth@@n?mﬁmag@@a&& andhe

previ ous_description of the disclosed enbodi nents is

pr ovVhewin e érﬁagwnrwsqm epsrablg fq prewide gn inferfagetbetvepen at least

orfrgggxs)fc%soyi)?ox;i&ﬁ% %ﬁg@gﬁ ei%g@ 2Oy tf(@'é}eggﬁnic scg:ePyand a frame

Icatrons t dinents w | e rea

bdfgrasedito starettivosepstiimage data florttheelacttoniasudednhe generi c

princi ples defined herein may be applied to other

enbodi ments wi thout departing fromthe spirit or scope

of the i NyRaldigy pridsssot B¢ BfifS NiynbiRHE M BRctkchid Yreen is a

intended to be'limted to the enbodi nents shown herein
liguid crystal displaydEE€B) degen.he wi dest scope consistent with

the principles and novel features disclosed herein.

[0099] WHAT IS CLAIMED | S: CLAIMS 1. A displ ay

pr ocgssor ThelisplayiptleSsos ofl €Ming €, wh&BRIthS hilgast 8fle processing unit
_interface unit operable to recelive input inmage data
is pparapledpipaecesythg iiput fraage dpda i Hlegkspr esent ati on on an

el ectronic screen; and at |east one processing unit

operable to performat | east one post-processing

functi on ®he displayripodessorageldat B wikreitthe intérfiee auitdsoperable

i mage data, and wherein the display processor is
togpeyidp the QUPHARaEHeAta iffSer f ace between at | east one

processor providing the input inmge data for the

el ectronic screen and a frane buffer used to store the

out pfit i nlije duplag ptaessohef ebime i y whereinghe atelast Bne fiioeessing unit

. di s processor of clajm1, erein.the el ectron
is P RbP to FeRORR A aotete oF P i Spt T Aigsk olapat ey data
The di splay processor of claim1, wherein the at | east
one processing unit ) ) ) )
6. The display processor of claim 1, wherein the input image data is in a
YCrCb format with a luminance component and red and blue chrominance components,
and wherein the at least one processing unit is operable to perform upsampling of the

input image data for the red and blue chrominance components.

7. The display processor of claim 1, wherein the at least one processing unit
is operable to perform conversion from a first video format used for the input image

data to a second video format used for the output image data.



is operable to process the input image data in bl ocks.

4. The di splay processor of claiml1l, wherein the
wonv@rsae unit is operable to provide the out pat/usSp@ge06327
data in lines. 5. The displaygprocessor of claiml,

wherein the at | east one processing unit is operable

to performflip, rotate, or flip and rotate of a bl ock

of iput iThegdisplay prodessof hef daispl7awhpreirc éwes first oideo! fommt is a

S AR e BaRsABAEn SR aa R BRominance componerts
ahfl Wﬂ&ﬁﬂi@s&@ﬁ@@ﬂ%@?&na@?ﬂﬂﬁ@hﬁf bhitRted, | %’g é}g&f%lue color

processing unit is operable to per or m upsa

cohponendsit i mage data for the red and bl ue chrom nance
conponents. 7. The display processor of claiml,

wherein the at | east one processing unit is operable

to pexfor MmyeaRyREyhreBestsrUN caifnl 1, WheYdifl 81 ok waatvdnetﬁ&@ssmg unit
for the input image data to a second video format used

iy eperatie tapropess thaviget inaga deta tapealeli pr doynAamoowss i sied.
claim7, wherein the first video format is a YOrCb

format with a | um nance conponent and red and bl ue

c hr ortionan chealispingrotsssoredTt1aMer, ititrdif thet tapicbn¢ipiléRssing unit
fornat is an RG format with red, green, .and bl ue

IEBPBRDIE ShPRIARIAE 40puy imagedagg 5 gt 3&86%@@@ dnaggs te phia the output
ﬂi’fﬁ @At@f&rrheco%{ dsB@sha é%pe processing unit is operable

to process t |npuT mage data to scale up or down an

i mage in size. 10. The display processor of claima1,

o cbi nd HeieRlsY RisgeRaahClidn 1P Vaitelnfhe Sudgase s video or a
grmgﬁamtag e 8] BeReddnd iREPMlf0 BRPE data for a conposite

| mage The display processor of claim10, wherein
the first inage is video or a graphl cs image and the

seco [ e j.s.for text. | a rocessor of

ol o 210, e Erohior gt fim . Pt o,

oper ableast cheHulife® op&rablic e bord MHRGENA @hagd‘ @fta Fd€hd fifst hnd second
and second inaeges. 13. The display processor of claim
imagegherein the at | east one processing unit is

operable to perform al pha-blend of two inages to

obtain a conposite imge. 14. The display processor of

C| al m3l, Wherdispiay precasor efaddimol) evhrredt de3it Rgstobietprocssing unit
le to_scale |€]1€g(§19%mage data for. a first inmage

qua e }q pgforpalphy- two igages ’H)pqhtam a composite image.

14.  The display processor of claim 1, wherein the at least one processing unit
is operable to scale input image data for a first image with a first coefficient, scale input
image data for a second image with a second coefficient, and combine the scaled input
image data for the first image with the scaled input image data for the second image to

obtain the output image data for a composite image.

15.  The display processor of claim 1, wherein the at least one processing unit

is operable to perform transparency to superimpose a first image over a second image.

16.  The display processor of claim 1, wherein the at least one processing unit

is operable to, for each of at least one pixel location,



I mage data for a second imge with a second

coefficient, and conbine the scaled i nput inage data
woanostosss7ei rst i nmage with the scal ed i nput i nageTAaL@S/006327

for the second image to obta% t he out put inmage data

for a conposite inmage. 15. The display processor of

claim1l, wherein the at | east one processing unit is

oper détemihe wietiepranfitst piveddanmiechsr tie pinplelocarvas @ first image is

flrst i mage over a second i mage. 16. The displ ay

PraOAUHPEINEY ¥IHF-1, wherein the at |east one

proc [ I

e Bovaf Sasind SxEEFARD.I5: e, pixplI0PA%h Bl p Fecdriilaze as an
owtplitu @ixfedrvaiee foui fed phxet dbcasioni if thef ﬁmStplxeiagéue ds equal to the

to a tran arency  val ue, provide a second pixel value

FHPAREY ?B aocation in a second inage as an out put

pi x ebro\(l?deucﬁe fﬁ@srt tpbteqe vRluy @b tHeQfihit Pikel Talhd Sthtefvv@é vﬂiei‘e% the first

value is equal to the transparency val ue, and provi d
anchsecond pixehivebies va¢ fromnhet inputoimagatdats, seafl whereie the output pixel
vzﬁuQ% Ol'ﬁl% ugnu%gnemne& ne first and second pi xel val ues

R R REY it |nage data, and wherein the output

pi xel value is for the out put inmage data. 17. The

dlsplay processor of claim 16, wherein_ the second

pi xel7val dBeidispiayoprogesser of platin ) whemrsy thy ssemdcpise] value is a
pl%alet%ﬁmn%@valﬁg?ordd SdcBa ﬁ’i&cessor of claiml, further
nprising: a progranmmabl e instruction processor
operable to receive instructions and direct the at

Ieas one ing unit t rogcess the |nput image
dat a gg?)g{fﬁfﬁ‘é(é’r&‘iels?f’rtoﬁépafrg L PHERTIYEE i ons.  109.

The Q ?@rﬁﬁnﬂ'ﬁ}é‘iﬁmloﬁ r&!e%o?’o#&abl%@ t&elVelifructions and direct
|nstruct|ons are receivéd in a tist, and wherein the

thiers tleast phoprogesstgsest td proogss thdinput onageattst i adeerdance with the
E}Hons inthe list until a term nation condition
%84, 20. The di spl ay processor of claiml,

further conprising: a synchronization unit operable to
determne timng for providing the output imge data
from®he The érwgfa@rgiaﬁssoan Aaisl 18, vdhessin ghevlngtmmuons are received

maz{ 115 Ql‘f& §vh8 nf {ﬁ% 184%&15%%0%6&% fs'{g)era%}e T&%c&e %IPe 1%¥tructlons n

ssor o S nc BN Z&L T on

tharhst umtsl aapeniablien ¢onditéings ehdvRintdi®l. t i m ng based on a

vertical synchronization signal indicating

RE=ty

20.  The display processor of claim 1, further comprising:
a synchronization unit operable to determine timing for providing the output
image data from the interface unit to avoid causing visual artifacts on the electronic

screecn.

21.  The display processor of claim 20, wherein the synchronization unit is
operable to determine the timing based on a vertical synchronization signal indicating

each refresh cycle for the electronic screen.

22.  The display processor of claim 20, wherein the output image data is
subsequently stored in a frame buffer, wherein data stored in the frame buffer is

retrieved and displayed on the electronic screen based on a read pointer, and wherein the



each refresh cycle for the electronic screen. 22. The

di spl ay processor of claim 20, wherein the output
womeg@sstata i s subsequently stored in a frane Barfuseqos006327

wherein data stored in the frame buffer is retrieved

and di spl ayed on the electronic screen based on a read

poi nter, and wherein theoutput inmage data is provided
ouitpotmirhdpe datd @s pameded fons theamtdrfacaamitp@sss tpndthpass amdthe read
(ggi nter. 23. The display processor of claim1, further

Tising: a device buffer operable to store the

out put imge data until a franme buffer for the

el ectronic screen is ready to accept the output inage

dat a23.24. Thndisglaypiresesgporof ebdworl, frthet eompi2dng:wher ei n

the device.buffer stores |ess than .one complete fra

of - oBSHES PiHge SRereB S Rarh e, p Bt BiAEe SETuEY & 5t st for
thé&hecttioniel s%bbeﬁﬁ@féﬁéﬁﬁfad@éﬁ)tfth@bﬁ'i’pﬁti pidedgian t he _
interface unit is operable to provide the output inmage

data in an output format selected from anong a

plurghity j ; . .

i nt eglrl'at egﬂ %: idfsgﬁaﬁ}t IPIJP gersgégl %uérké]%g gg’a&é%%?%g?e @%’ﬁﬁ? Pléflf%rgs:t ores less
than ondcempheefrint bf oppuaidhage idatarfor tie\ekeciropidisciesmge dat a

and provide output inmage data for presentation on an

el ectronic screen; and at | east one processing unit

oper abl e : i s

FEncETbe SieRBEY el 0tlyg0, DASI PIBLSRAML iy oo
toi prageledh¢ aytpaidhageeiati in anmartputtfemfizcelectad froanainodgpea plurality of

Ieabzt one 1%rocessi ng unit are operable to provide an
POSSIRSe PURBL }0UPSen at | east one processor providing the

i nput inmage data for the electronic screen and a frane

buffer used to store the output image data for the

el ec2b.oni dnsistegeated circuitihpa witetags dewer, compusingof cl ai m

26, er.ei-n the at |.east _one processing.unit is. .
oper SD e Hert iR rBe M FRAEFut Bhd picide output image
daa donvhredeiabioh lo@ anlle@tfoateactehf arids operabl e to provide

the output image data in lines. 28. The integrated .
ci r cat leagl org araepsseNe Wak operblento perforan gt legpfeone post-processing

fultlcBGf 811 kﬂ@gﬁ?ﬂéﬁa&% g?tg% BBlafh th .oHﬁ»‘h’E ?ﬁn%egﬁg'r %21 flip,

region ro rconver si on,
r escaihierey thadl jmiafdob amili agl, therarnsgsaba pyocedsing vy ard éperable to
or.a conbinpation thereof, 29. The integrated circuit

; iting e

Prowida % HIERCe AT IRBrat L6ATH PRS PRASSSEAT PTRY gput image data for
thRT GEQRTHY sQRET 3Rl & frfinb Vubley Gsdd 'R Eufd HRNSuthift ifhalgh Hata for the

execut e t he
electronic screen.

27.  The integrated circuit of claim 26, wherein the at least one processing
unit is operable to process the input image data in blocks, and wherein the interface unit

is operable to provide the output image data in lines.
28.  The integrated circuit of claim 26, wherein the at least one processing
unit is operable to perform region flip, region rotation, color conversion, image size

rescaling, alpha-blending, transparency, text overlay, or a combination thereof.

29.  The integrated circuit of claim 26, further comprising:



instructions in the list until a termnation condition

is encountered, and direct the at |east one processing
wanbas/o8ss7pr ocess the i nput i mage data i n accor #amnas2005/006327

with the instructions. 30. Theg integrated circuit of

claim 26, further conprising: a synchronization unit

operable to receive a vertical synchronization signal

i ndi eatinstgictian iproefksarsdpetahid e raeivichids@lotiohs dMiaClist, execute the

T TR A e
o @PRIcBBins Wl Rbddsé Aelifp rﬁnﬁé@?ag% ﬁ{:ﬁcrcf?ﬂl'aﬁces&ﬁlﬁ g% iins%ljactions.

An" apparatus conpri sing:” mean receiving |
i mage data for an el ectronic screen; neans for

perfgpm ng.at | east. one. past-processi ng functi on on

t he ?’p‘put Prayesid é’11i°81t8g?1§f‘ﬁ2gu§1ﬁ§?r‘i Ngat a; and

nmeang dy@chiohviioh NGt Berble P8t rcBBES kRl %chmnization signal

.presentation on the electronic screen, and erern

ndicating feseh refeshy cyele ifapthe eleatyenic rmseass #ndr topdetéming rigning for
- - si;ng. fupction, and.neans f.or .

PR e AR B3 BRRRT Wl SRS} oF i M PG it arifurs

ohdierddentronic dcesemt one processor providing the input

i mage data for the electronic screen and a frane

buffer used to store the output inmage data for the

el ecgjoni Ris cotaorikS: apparatus of clai m 31,

wherei n the east oOne post-processing function

conpmieguesior egreonng inppt integgidata fooamélectfonic Mrésn;

conversiop, i e. si rescal i ng, al pha-bl ending, .
Cr anGiSAR I PrPRRINE A dpdsh e gpstprecssting AvieoAn Rche danut image
d&d to JhginaRMRIt dhHge @ftaCindi m 31, further conpri sing:

means for receiving a vertical synchronization signal
i ndi BgeRhépreprowiding thesoutpyicineageodata ier pesamtationi an the -electronic

sc’ti‘%éf gﬁc% \6731? I1 Segés ? g?cggltggégpg‘;n%j ggqr}giff@g]{)er c{n%\{ligdzit I'fé}ast one
PSsHpedUssih g BirioBion S N Meand Cord@v[inAUR! Spit U@L data provide an

.artifacts on the el ectronic ‘screen.
interface between at least one processor providing the input image data for the

electronic screen and a frame buffer used to store the output image data for the

electronic screen.

32.  The apparatus of claim 31, wherein the at least one post-processing
function comprises region flip, region rotation, color conversion, image size rescaling,

alpha-blending, transparency, text overlay, or a combination thereof.

33.  The apparatus of claim 31, further comprising;

means for receiving a vertical synchronization signal indicating each refresh
cycle for the electronic screen; and

means for determining timing for providing the output image data, based on the

vertical synchronization signal, to avoid causing visual artifacts on the electronic screen.



