;€3e99\ ~h6T?17 D E C 2003 -1 | NTEGRATED VI DEO PROCESSI NG SYSTEM HAVI NG
MULTI PLE VI DEO SOURCES AND | MPLEMENTI NG PI CTURE- | N- PI CTURE W TH ON- SCREEN
DI SPLAY GRAPHI CS Each of the below|listed Letters Patent is hereby

i ncorporated herein by reference: "Programuabl e Ext erfgl Dge &5/ Vi deo
Port For Digital Video Decode System Chip," by Cheneyl ¢t v, filled
herewi th, Patent No. 6,469, 743; "Anti-Flicker Logic For MPEG Vi deo Decoder
Wth Integrated Scaling And Display Functlons,” by D. Hrusecky, Patent No.
6, 442, 206; "Col or Mapped And Direct Col or OSD Regi on Processor Wth Support
For 4:2:2 Profile Decoded Function," by Hrusecky et al., Patent No.

No. 5. 576, 76b T ECKA LR muOpsOTIRbiS Sy sxesh Ay P Vinkd, ™™

general |y t SOUREBSANDAMPLEMEBENTING PFICTUREANPICTUREWIFH (ONSCREEN
integrated digital video processi ng SYSt em capabl e of receiving and nerging
a conpressed digital video si gnaID A¥ @ ﬁﬂpesssed anal og vi deo si gnal
into a picture-in-picture display for a television system either with or
wi t hout overl ayi ng of on-screen di splay graphics. By way of exanple, the
i nt egr at ed Bagh afghe béldwelisiedobatess Pajerstyis hanbciamotperatapheramityadfecasmca: di gi t al
video set-top box (STB) or a digital video disc (DVD) player. Background of
t he I nvention

“Programmable External Graphics/Video Port For Digital Video Decode System

Chip,” by Cheney et al., co-filled herewith, Patent No. 6,469,743;

“Anti-Flicker Logic For MPEG Video Decoder With Integrated Scaling And
Display Functions,” by D. Hrusecky, Patent No. 6,442,206;

“Color Mapped And Direct Color OSD Region Processor With Support For
4:2:2 Profile Decoded Function,” by Hrusecky et al., Patent No. 6,542,162;

“Video Decoder,” by Cheney et al., United States Letters Patent No. 5,576,765.
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Mul.tiple functions are today commonly being integrated onto a single system
~chip. For exanple, in order-to enhance marketability of an integrated '
.digital video processing systemchip, such as a digital video systemchip
for use in a set-top box or digital video disc player, it may be desirable
to allow for external inputs or functions to be coupledlqplygﬁazqﬁggrated
systemchip. In general, a picture-in-picture television's pl ays a
certain picture as a main screen and a given nunber of sub-screens, which
have the sane inmage source w th one alwther, arranged at predeterm ned
positions on the main screen. Conventionally, a television systemeither
i ncludes a picture-in-picture nodule or not, in which case the 317 DEC
2003 2 television system conprises a non-picture-in-picture system’ The
picture-in-picture feature of television systens typically differentiates a
hi gh-end tel evision systemfroma | owend tel evision system Systens
offering picture-inpicture often carry a significant additional charge over
a simlar televist8f RESGHE gnyemtdomisi cimeeteRegegriragd yhesein des, t he
commrer ci al dgsghali birlote@fs [ .cture-i.n-picture feature to an
" integrated digPpaI 5ide§%§;§%gn?9§ﬁgﬁk%§%g? ﬁgPESF&VVd§8 @BcsBbegertesh box
or digital vAdgdtalsyigleqydroopissiing miysitenl capabidi bifoRakeRiAdEChLGOSt, tO
t her eby provj,d: on- pi re-Ln-pi.ct.yre television systemw ththe
capability-o?ggggg a@iESEEEF?FSﬁe%B%%#ﬁﬁeglgﬁﬁuF%&Hé§u§99.aa scl osure of
the | nventi oAnBempkkey sedmaneilogd videe isiyeali At60APP:E S8 rkl 1061 gReG! A
to a

met hod for fge asmul ti-sgreen.di splay for presentation
non-picture-?%gB?gqu§¥télg%ﬁgy&ﬁl??sﬁ8ﬁ¥e?heegﬁpﬁ6dwﬂﬁélQéeyitheuéiving'
and decodi ngoxerdapiegsed ongistakewi déspibgngkapRiBEQdUge @agdegenpressed
digital vide ' l; celyi.n n unconpressed video signal; and merging
t he deconpregggggggéifgg 3#&8898%693 1ggga nébffPeBEeGeTFdBE svgham ten
produce a mubei isplementiespkayasddodltafioritbe setevbpi BBxSY8EEM ot-her eby

provi ding thgy 5 PI gt yre-inpict television systemw th the capability
“to display nuf??gﬁg ggpggnglgfnd#&§ﬁe8&§V§F'In anot her aspect, a method for
processi ng an anal og video signal is provided herein. This nethod incl udes:

digitizing the anal og video %go al _for input to a digital 17 D E C 2003
3 video processing system antprentr gt RtHeERRdan a| vi deo processing
systemthe digitized video signal with onscreen display (OSD) graphics. In

still another aspﬁcé , a sygten1tor formng a nmultiscreen display for a
non- pi ct ure- i n- pi CLUF&PLEl EYPSELRNSy 8EEntPYa)r 6oREeRlY The sngysheeyiackddes
~a video decodetofarsdegodi sgsaemnorpipssedodi gkbmbi1¥i dep si Q@!tgrgghgnfirst

vi deo sourc iLng therefroma deconpressed digital video 5|gn5 .
The systen1ﬁﬂ$? %?ggggﬁﬁﬁeg%aﬁniﬁBgFgFBFe eggg%Fﬂb YhEsot pEOGESRbndecoder

an unconpr essgdtendebipj grathf aemeadsgeend vides sPNEeR. cAhS Y&ﬂe9s9e58der
i s adapted BQ ggEQEO#hBOdeco resEeg dla%tal,video si gnal ahd the

unconpr essed” vi deo srgnal 6 préatde ¥hEPtfiserebaverspihynaygral for the
t el evi si on s@sﬁénablhetebylmb@vfdkngxthenamni@bﬁﬁgr@riPﬁﬂé@f&ﬁ§ Eglﬁgision
systemw th 588 fggagglkﬁé to dis Iaé mul tiple screens sinultaneously. In
yet another @Spect. & sys eﬁFF89rgF8 eS¥PhEMafBRal og vi deo signal is

provi ded. This systemincludes a digital video processing system and a
digital nultistanggrd decoder. The digital mufti -standard decoder digitizes
the anal og video sigRaI' FBr /i ApBLtCLBIERENTPHFEAre vk etbev by berssysigesyst em
The digital dispbapsosessingisypiefuirs agdaptessitosblend ihe Qigé%&ed vi deo
signal wth on-sgree ghgpla¥ gCSD) gra hics for output as a biended video
si gnal . scteens,” which have the same image source with

one another, arranged at predetermined positions on the main
screen. Conventionally, a television system either includes

@ plcture-in-picture module or not, in which case the



In a further aspect, the present invention provides an article of
*manuf‘act ure which includes a conputer program product having conputer

. usabl e nmediumw th conputer readabl e program code ne rfﬂﬁﬁ?hﬁ for form ng
a nmufti-screen r ~ ? DEC 2003 4 display for a.non-pifc . Bicture

tel evision system The conputer readabl e program code neans in the conputer
program product includes: conputer readable program code neans for causing
a conput er tueleffiecitordennst 6 GROFPEESS .9l jdeo signal to produce
a deconpr ess@d digital vjideo signal; corr%&%%&rgéle(?dla%% emprp T ot FRians
for causing ecéﬂgiﬁ‘érre"tld‘"é?lf%rﬁ ckeatiry oh telconpriessed stichen si gnal ;
and conput ertypEaglil v i O @24 1S0de . fi0r iing..a conputer to effect
mer gi ng t he greco efsed di gi ttgll ’vi%rg%nlzli tﬁa?&gt%lueﬁf: Sf‘?ﬁrbsssye?()t‘?i‘? cfe‘i?%i@nal
to produce &%‘Ieﬂ)- s‘ber]eee‘ﬁ-stﬁ%fplsaswf‘sﬁ!@nalSymemme)ﬂf&lﬂﬂgsiplrttsmsg_elm_ther eby

provi di ng t kg Sy ;1 s Pl et ur e, vision systemw th the capability
to displ ay %I tipl e%ﬁ?u.r%%ﬂgﬁyulfﬁiﬁ%ﬁlsévt Iarfﬁ%ﬁ_sjtqr}all fadss agect, the
i nvention cEHHileEs e eiitg icire voift bt f miod turee it -1 digddides a conput er
program product having conputer usable nmediumw th conputer readable
program code nmeans therein for processing an anal og video signal. The

conput er readabl Keyizac duhr aFanss i thd hoMEAUIAr JYQ =PRI W

i ncludes: cRUl q:aCQ| roaram code. neans for causing a computer to
effect digitizi trggdti?lana Igeg_pivr}‘g)relocts‘ilrg%aq‘fatd“}ﬁ? dSmAR S tesrddiside dirgugraaim

code means Fddegausiatern conputer 4 cdbffect hWeRdiegdde Wil zed,video
signal wthgQn- e i spl.a %D raphi.cs for presentation to a

t el evi si on sy?tlgz%rl %érgeostAaJt%? (p ac?%ﬁ’g’edplﬁé} é Mg jaft egiddttésbndilgi t al

vi deo pr oce@gjqwlgl@sxcem,capab:lrfeﬂerbpr;er@mitzmimn_@‘igt%gﬁei_\iina%igﬁqm@r gi ng
a conpressed digj;tal nvis’de%esi an I 6\{}9 an unconpressed anal og vi'deo “si gnal
into a picture-inpicture dighi d&q‘ or& TR diton ofy stismletieowisd diadld ng
pi ct ur e- i n- pilctme capabilltidrieesisIAs. an enhancenent, the r , 17 D E C 2003
5 picture-in-picture display produced by the integrated digital video
processing system can be overlaid with onscreen display (OSD) graphics. In
an alternate enbodi nent, an bategeatied degihal T1N,88P; QL OCESSI Ng systemis
provi ded wherein an anal og vi deo signal can be recerved and overlaid with
OSD graphics before presentation to a television systemfor display. The
integrated di gita@ridflgo MECASSLY], SIS BMWGan ik I\?gprl nted as a digital
vi deo set-top hox (STBeh:I or,a digital video di s_éL ?ID p%ﬁg’fé’r Ty Way of
exanpl e. PurSHaTt- to ™ iheq frant YA & dra-bimssiveteur elicgpalyi Ifiotd es, as
wel | as OSDpgreaphrites imterdays Gapabiilddd s Gan ke gdded  through a set-top
box control ker, chip wth alfvee%/. m ni mum of 'addi tiuonalet%&reg Ségncgé’ts.%efhe
unconpr essed analog "t dét 1 B15H ‘nd SEPor ot dersediesulet avtipressed |
pi ct ur e-i n- pliictivred carddee deyrianed-dr AMe PNy r of .sources,

i ncluding a_l.deo ,cassette recorder, [%?rmor der, Gllt §|"§#§{§%§ Ea r%gli Vasi&e

di sc, DVD player‘comput’er i 3 FARRIUPIRS S ecablislere|ségingilon asidgnalrg ing
satel lite amileogiechannelssadt & diuner -seddied antenna, Advant ageously, in
one enbodi n%rit of; the invention presented helsag)ian, '?%e%rrrlicﬂnﬁgr/eﬁls di'ig e6F
unconpressed Vi deo and Fed8¥d Vit ars Jisrtlenmed ganla floastheage of
vi deo processilry ifsirora syit@q,detf}fgiegby anddiheref 0he 129 necessary to
provi de the N %ored C ressi on: and on-screen displ ay i & reé o "cont i nue
the vi deo d&ECETPYSsSiON," di'sPl &Y et eb: Marid &y icdes bddvinsc skl Rig. s pBriyef
Descri pti onmofl ttifpe Drsamargss Hienabkaugsglescr | bed obj ects, advant ages and
features of _ the present invention, as ::ell as others,will be bore

In another aspect, a method for processing an analog
video signal is provided herein. This method includes:

digitizing the analog video signal for input to a digital



r , 17 DE ~ 2~0~ 6 readily understood fromthe foll ow ng detailed
rdescription of certain preferred enbodinents of the invention, when
considered in conjunction with the acconpanying drawings in which: Fig. |
depicts a general block diagram of a video decode Lt FLhg. 2 is a block
di agram of a video decode systemto inplenent pict ﬁpé Drfélgmﬂﬁe wth
on-screen di splay (OSD) graphics capabiBities in accordance with the
principles of,ih&,P Lnvention. Fig. 3 is a block diagram
representati o‘ﬁ o?oaﬁ'r@ré??lgg%%eﬁyﬁfzgﬁl' afngj bkendpngt wi ehin- Phet¥58) ta1

i npl enent ed iwWdeeopdanessnhghsyBechr LRI Qk_8§ 9£e&h9'§r esent invention;
Fig. 4is a bégfé(egiggésﬂl of one enbodi ment of &R Wt GP af 28n?{ debtbecnde
systemin accordance W a¥hé ﬁPés%ﬁPPhhvénti on, having a first, digital

vi deo source and a second, anal og video source inputting video signals for
merging within theIi ntef fted system Fig. 5is a detailed representation
of ane techni que fo e {; P eeliohprereet, di givateni fep @@ﬁnﬂg(?omgfgeg
anal og vi deo sauteem didplapCrEeny dlilglpj_%lyct@lLé)_rl Wih the capabllity T

bl end the resultant video with on-screen displ TYr ehsion

accordance with tHe 17 iRk pided of Thhes present inwamMdON vided PeCEOq?eaZOOP’

Fig. 6is a (feimidagbdﬂmﬁdér@g}g of i deo. decodi ng system i n accor ce
with the pri ncjiscrl es of the prespentslg%e\{/e%t?l(ﬁ'iaﬁl RS iqnaktfames ffiare:

buf f er subdi Vi*st%th S ECH AP radtiec Bmgl e g ey %4“38‘%‘?%3% ;d%%lhfo% g

accor dance witiliddes ifresent lon, Flg. 7ais atim
del ayed display ti| njillr?grg ina vrl{%g{)&;%tg%\\i}‘; N latdssy denciepitt e dhe

orinci pl es oft §9fe- Pries et 9 Mikentiioleo decoder an uncompressed video

si ' i
gnal from a second video source. The video decoder is

adapted to merge the decompressed digital video signal and
the uncompressed video signal to produce a multi-screen

display signal for the television system, thereby providing

o em with the
capability to display multiple screens simultaneously

the non-picture-in-picture television syst

In yet another aspect, a system for pProcessing an

analog video signal is provided. This system includes a
and a digital multj-
The digital multi-standard decoder

digitizes the analog video signal for input to the digital
video pProcessing system.

digital video Processing system,

standard decoder.

The digital video processing
System is adapted to blend the digitized video signal with

on-screen display (0OSD) graphics for output as a blended

video signal.

In a further aspect, the present invention provides an

arti i '
rticle of manufacture which includes a computer program

product having computer usable medium with computer readable

program code means therein for forming a multi-screen



Fig. 7b illustrates one exanple of switching of the small frame buffers 2,
'4 & 8 of Fig. 6a in accordance with the present invention; Fig. 8 is a
bl ock di agram of one enbodi nent of a decimation unit in accordance with the
principles of the present invention for the video & 8m of Fig. 6;
Fig. 9 is a block diagram of one enbodi ment of dis ﬁ;ﬂﬁnﬁm ch logic in
accordance with the principles of the pfesent invention for the video
decode systemiapliEyy.fdy; aaMbriHd cthrd-Sifdi art_-of .one enbodi nent of
processi ng igg)l em;:[lt ed by, the s#ylnc gener atﬂ:)lr oft Fitg T Ak SYsdsre Wil
the princi pl &Y %rﬁf%jé’@ﬁe iRRRtato reode ste vl rf aheCardmpute rOHr ddieym
| nvention Gepatorlddt Stritiefhe Lr Qﬁ@}p& in.i.s an integrated digital® video
decode system for exanple, for |g|’{]§{eead}.bf‘f BEC T \Ffso Neans dox
(STB) or a diGt @M Yid&ePmHE ey MvD)e ffeterdeathiicly pr @6nia%ssed digital
pi cture-in- phGlddL sqq)q,aalgi ld g aoh-pi cture-in-picture television
system Further, presented hér%?irﬁeg aancpelcr?tmé)&efts@ figiital videe prigredsi ng
system capaglcé’“gutlﬂr_emﬁa@@hdm @mtlfeyamndic?q@ieam@rn%f)fﬂﬁs c\é{lutbslfln%n a_computer
unconpr essed+Nal Q% dN R S r or_exanple, a cable,” satellite,
vi deo cassette recorder, gravg%%]eraﬁaﬁlrﬂct?ﬁr@rr,eS§§q/vé(|llde§s stig@addpabid ity to
bl end OSD gr &SHiPed-af tieas abdrep eeicgs amuldddes aieaers doxplay sAneduced &ter;:e
integrated dig t3raWid sfem | nput of an anal og (or secondary
digital) video stream ?%r@ggl ﬁ:rh%éiﬁcwe&&ﬁpldégl&ﬁle%ﬂ&e@alsignal and
gr aphi cs/ vi d&8-COBBYE sp@dt vsdele as gledicrided ddudehe %Q\eq-_is%cpt%regor ‘Pfltts%gh
cofiled patent entitd q:d t:inér %%rlamre External G aphics/Video Port FOT dl t al
Vi deo Decode yz‘tem Ghi p1€ BRSNS tE8d, thise eb@y ppernt ddonpithee s on -
pr ogr ammabl ePBictdineedmi-priaiturer ttdlervia \6ndeg sdeqods 5y $Hemchi.p. having a
vi deo decodeei%?lqagnmiurltter al digital displ gy gener at or %i rcggiag.lli‘]’%é( %@\/
port enploys a fixed numdér SoP&GYHas istpidienepuslyl/ O pins on a video
decode systemchip while providing a plurality of connection configurations
for an external graphics.cqntroller, an external digital display generator
circuit and an extlglr %aIS%&ic'Lgi tfréillrtmrt i2Shestdatdeddaggativn chapvides decoder
or the internaltidilgi toefl mainsyflaay ugenamalcdr iGlcnediels af Lhe¢RIP,, The EGV port
i ncludes recgiyey/driver circuitry for accormpdating in paral P&Pea
plurality of Finput7 ot %icORRIEe S fsakdengepina wdsha comgnaks anddable
correspondi ngregrehr auidzatncan sS it@iealeS.n it ?«%bcerstggngbg e-a'hgigr por ted
pat ent entitlsg% " IYPEG \4 deo Decoder Wth Integrated Scaling nd 7°D E C
nal.” "The computer readable.program code means in the

computer program product includes:

2~~~

computer readable program
code means for causing a computer to effect digitizing the
analog video signal; and computer readable program code
means for causing a computer to effect blending the
digitized video signal with on-screen display (0SD) graphics
for presentation to a television system. )

To restate, provided herein is an integrated digital

video processing system capable in one embodiment of
receiving and merging a compressed digital video signal and
an uncompressed analog video signal into a picture-in-
picture display for a television system otherwise lacking

picture-in-picture capabilities. As an enhancement the



9 Display Functions"” can be referenced for one enbodi nent for producing a
'reduced size, deconpressed video signal for display, for exanple, on a
conventional television system Downscaling of deconpressed video is

di scussed in detail below in connection with Fi gsiﬁ%@ﬁg nbodi ment of
an OSD region processor is described in detail in e ntitled

"Col or Mapped And Direct Color OSD (Regson Processor Wth Support For 4:2:2
Profile Decode Function,” and OSD overlaying of graphics is a capability
that is commercially available as noted further below. In one enbodinent,
the capabilities described in_fhese appljcatiaons . are inco ed into an

i nt egr at e@iditgmea‘liﬂﬁ%%t‘d’é%o‘élésg%¥ <—:§’ip?éoucbeeCl gan}bltoy% ﬁe%%g%%ance with
the principlas Of $18e B! 5685 MNENS | Ofen Hawve Ve ,otdel 4 shohi tigsonf t hese
applications are incorporated by wa%,of exanple o Ig. Qheémgggrgggpes wil |
be appar erdgreen tdipselaki (PeR) i GreRBIGFt bR Lﬁ)j(}lh TR deSEription

provi ded herein. ' L5 i abBep MPESs 21 54 asdat emdescpirbesdaddi gi t al
vi deo encddlt nlgn%% %%ég\é\gég%gggw;dfeg Iéubstantiéal gandvvi dth reduc%i on by a
subj ect i vewhessyn canpaesdbgnvieePondnby 831 0Re| BESCLY¥RPr 28BS XS X ER¢Sded,
conpressed di gi d 18,58 e pnpressed apdedesadadsiys tam
MPEG- 2 dec%h{é}?.égé ﬁgégB%%ngﬁgﬁgg \E}irrgéggggcodi ng in accordance wth the
MPEG 2 st apdardibpldescribed in detail in the above-incorporated, commonly
assigned United States Letters Patent No. 5,576,765, entitled "Video
Decoder”. Although the present invention is described hereinbel ow in
connection wit hrae VREGGXatiedea iddeder idegeRrasedisddigssddtion 9t &F St at es
Letters Patent No. 5,576, 765,. t.he - nvent| iSSR0 i gk t> use with an
MPEG 2 decd8®remsite |adla?%gém€]28y (())I(r%%tthsetro% %grﬁd b(e%qrrpl oyed within any
i nt egr at ed (Migde® 1P IGRSS | digs S yEreEm wheryeexi t bivs vaeisiafalfi*@™Rd § npl ement
enhanced graphi cs and/ or, vi deo pr.ocessi n round, Ehbili showns, a

di agram ofPUrERferitS oAt S viTHE n%%o’dﬁ%%@%p_&ehs ed data enf'?aers as si gnal
11 and is s{oOnRd i d hespogpasisses ot nlawmeBabid i gkes il dbt 245t h
decoder (VLD) 14 reads the c re Sl 13 s, sengsmam@t ben
conpensat i o ¥HG? n%t?%ﬁ"ﬁgpg?ngﬁaﬁgﬁgrggiﬁg&% ?'gj?]éréo%rpensati on (M) unit
17 and quantized; 60effpebents asssigndhe 18 ¢@np s $ 29 e B @ant %At i on(1 Q
unit 18. The notion conpensation _unit _r . enge-dataréreant he
reference fF%ﬁ‘ﬁlﬁ‘rﬁnﬁr?ggBlﬁg 8fghar %5“???%{?2}%%€£§§egi (;%ed macr obl ock,
which is septr8sc8i gpah 22yt enthefaddermsr Fhespnyerse HLanPAZATI 6n unit
conmputes the unquantized coefficients, whi ar : skghaka2li1tgelrhe

i nver se transfiéprrFFFBé’F)teuﬁietcofg.erThecai‘“\r%"\%ggé't?gggpgf'%%ﬁnib?ﬁconput es the
reconstruct ggsgi{f behenae yeaGr epoiteas Wik [RversputsafsPéemteh eVAE LOM
unquanti zed coefficients. The reconstru di.ffer rekl-eek i s sent
as signal 2&igdathe Sé&d‘é"rl% av\)r‘?gtroeg iﬁhaﬁg%gddgg ?Q%Pﬁgrgr%gdi cted .

macr obl ock. .Theradder b aomutesshe imecors erpoddamerdc cdbldck 128 e ¥um
of the reconstructed di fference nmacrobl reldrted SR ahldok.
The reconst REESER TRt riybt ok it‘san‘? hnéthgjéohO{bl&éegngin n%lfpzélﬁ%o the denul tj pl exer
27, which stgresaddens econsd rucded nmcrobl oule s tsignas R 1a e I reference
menory if the macrobl ock cones, from ef erence i - OF sehds it out (to
menory or diftes)S 29 st ghat X238(.1‘3‘ffze(figél(r:J“[(é’}rill%:lg’ frarretg{%ée%%egﬂt %oﬁgtq as signal 30
fromthe refgesensesfyape peovige the. (748 B PQOIR 75 ¥epartd aP" enbodf rent |
of a decode system chip, generally,d t 40. . ) be;goncepssial

t he present @%%%%%Yohsi grggpl ct gaxitﬁgggg.@gig G%(?e(?ngﬁ%@?(#él udes, e. g.§, a
PCl bus interfagesddanhi ehceoupbessthé _decode system 40 to a PCl bus 42.
MPEG encoded video data is fetched from PCl bus 42 by a DVA control |l er 46
which wites the data to a video firstin/first-out (FIFO buffer 48. The
DVA controller al so fetchesxo8f Suéeenidts D /o5ks audi o data from
PCl bus 42 for witing to an OSD/ audio FIFO 50. A nenory controller 52 wll
pl ace video data into a correct nenory buffer within dynam c random access
memory (DRAM) 53: ', MPEG oy assesk i dee adat, a aidy arhieny ssetericevisd thy Gthe

vi deo decoder 54 from DRAM 53 and decoded- as de reirbsed .2hgve d n. gonnecti on
with Fig. 1. @Convermsional 1yvetheeYecddet Vi deéo “data i's then stored back
into the frame buffers of DRAM 53 for subsequent use. Wen a reference
frame is needed, or when video data is to be output fromthe decode system
stored data in DRAM 53 is retrieved by the MEM controller and forwarded for
output via a display & OSD interface 58 through a digital video
encoder/digital -to-anal og converter chip 59. Audio data, also retrieved by
the video controller 52, is output through an audio interface 60. As noted
briefly above, this invention is directed in one aspect to providing a
digital video decode systemw th the ability to inplenment a

- . A a1 o o - - - N LY




17 D E C 2003 12 "Progranmabl e External G aphics/Videnploys two features of
the ihtegrated digital video decode systens described in the initially

i ncorporated applications. Specifically, this invention enploys the
previously described ability to bl end on-screen disp!a%!ygﬁg?geaaphics with
an anal og video channel, as well as the ability to d onpr essed
digital video to a region conprising a fortion of the full screen size.
These feat ur exaatid yasoid hethdd FERAEe il el ow.and i he =

i ncorporated gpplications. Fig. 3 depic;gggﬁéhgﬁ Jd*%%ﬁéiﬁél SR Bjon
screen 70 of A televidl & T6A tpdient 3 miyesherioduaad &, amhen
integrated diayirtsaldeseteq rdesth; st b4 nce with the principles of
t he present kﬁyeq§ion. As is melI-kHgah&ﬂggﬁgga%%fQﬁgﬁﬂ¥%ﬂgiqﬁﬁﬂﬁﬁqmrbugh
a plurality ofﬁﬁ els 71 extending across the screen. Wthin screen 70, a
first picture 72 is shown disposed within a larger picture 74. Thus, Fig. 3
is an exanple of a picture-in-picture or nultiscreen display. Fig. 4

depi cts one enbodiF#sht lofdepiditgi taalgarieded ddeade diysiem JY B Qepgrally
denot ed 100,dég&myqﬁﬁgyng the principles of the present invention. System
100 receives a digital Video signal 101, for exanple, froma first video
source such as a cable or satellite source. Signal 101 is forwarded through

a network interfa%qganFLe (N% 9 1Q§{ whi ch outputs an MPEG transport
streamto transport 3'odi ¢ 63 6%ﬂ9i Y aFact ¢f vilkled nieegrat ed styst arp | 00.

Transport 103 mgérmenitplpexas e AR WSiheam. sen t he conpressed
video streamtg a.video decoder Igg'(see Fig. %%l%?%ﬁeﬁ %ﬁéﬁ AYedCatd
system The Vi §80 1§ Ec 5882 r-&Sed g accordapcg Ri€h2@02 b3 idecpriesyed
MPEG vi deo sithralprefsietit iisiventdiat.el y forwarded to an internal digita

vi deo encoder (DENC) macro 107 for formatting for a television system (not
shown). Digital-toanal og conversion of the video signal occurs prior to
output 110 to thertel.ew Sis0R Y&l AGCQL i_.th the principles of
the present invention, the dqmnscal[ﬁggéaghgfgggggg%% 1PRe OFi deBudédader
106 (descri b8 FPRNAE &P ael (Gwer-el atiickareo iRFgs cthrk0) 1Ape cARRLAYE] f O
reduce the shzeoeHahbe ¢e¢eMRLES ;ghtal i deo, in one enbodinment, to a
fractional picture display size,%?ngl%3%§e8¥a§5 nP4§ S8 ed BNGREY- oW ndow,
such as window 72 in Fig. 3. The other picture to formthe

pi cture-inpicturerdigspliay g § iV as _an uynconpressed vi deo signal

t hr ough, for.exanplg?-thesextggﬁgﬁ gggﬁﬁﬁES §i888 FBPeddBEBEi BEdann t he
above-incorpéP&?ééaﬁﬁﬁlWédﬁbodeenﬁbtb@dtémragraaﬁabhﬁngét@&Eﬁ'the

G aphi cs/ Vi dgeeBahk koL Digital ,\Yidea Decode System Chip." ternatively, a
dedi cat ed po?t coul d beecongbfuggggngyao &L8ki i Fédifalt Kédapt spurcenpot of

t he unconpre§sé609ﬂéeoa§ﬁéﬁalVﬂdepheohmtegﬂabedtdhgib@he8r9§8ﬁ§iggfg¥5teﬁl

i ncludi ng thgevhdag deeadear «pLhi; ressed signal is receive roma
second vi deo sogrcg and may g%t éFgggﬁgngéya 6Fher digital signal or an
anal og signal. If an analog video signal 109 is received, for exanple, from
a cable, satelliteg;,VCR u source, a digital nufti-standard decoder
(DVBD) 105 digitizes P End] §§Qs.~‘~§ﬁg| IFBFGFHBBF%W RE PREegeaberiqdigit al
vi deo decodefsysrenpidg. denveptacisag aﬁgﬁhglDW§Ebbo§nEOuBQ§mV§g§g gecoder
and associatgqaggépkzéegng 8SD) Iogic,l06 i s described in the" ©

above-i ncorporat e pof U *8ppl FEALi6RCTeen ¢isplayE €10003with the

capability to blend the resultant video with on-screen
display (0OSD)

graphics in accordance with the principles of
the present invention;



14 Note that DWVSD 105, along with providing digital conversion of the
'anal og video signal, wll be (in one enbodinent) the sync naster to the

. video decoder and internal DENC. DMSD 105 provi des synchrgni zation signals,
for exanple, via horizontal sync and vertical sync induf ﬁEr@sZ[][}QCI R- 656
SAV/ EAV code words, or simlar means, to both the video decoder's
display/0sD unit and the internal DENC.7 The latter two units are
responsi bl e for i Atigrpletisng et agveeh caiocdaticar bﬁf%r@QQe%ﬂd%%%d§%Tr90t|y
processing the data., The neans ‘for perform ng this can be standar d
operations, PYFLERamP Eccerfpagenyifindhsl arensigialss ofFithe prégpingts one
enbodi ment f énvendibwi;ng the video decoder/display & OSD |l ogic 106 to

i nclude the nerging and bl ending capabilities pursuant to the present
invention. In this enbodinent, a 2:1 MJX 202 controlled by a processor
generated "pi xel BegecBacanliuekraticdFrasel e ; econpressed
digital video, i.e., the deconpressed viggo%%gﬁfgegwﬁﬁg#ﬁ%ﬁg_ EG%t r eam
recei ved t hr BRgRatr BREGopNA188, 2ovides wredipoessdd \inde@cordancet 8 rahal og
(or digital)tbegpekseaeekyednihbpugh DMSD 105. In one enbodi ment, the

"pi xel select control” has three nodes of operation which are set by the
host processor. The host processor can set the pixel select control to (1)
forward the deconpigssed disdeotaming disgham shéliher wand,the 4 ncg ressed
video on to display, or (3) support picture-in-pictufe isg%ay, Ey ically
sel ecti ng boFA™ERE" d8conPlesse§caid nenvoder éssedcoirdeackowidhsphay. | n node

(3), switchipgibetpees @gcgﬁgrggg%@n%nq yReeERELessed video for sinultaneous
display is done at a rate according to Phe esifed | ocations) of-the

secondary picture 72 (see Fig. 3). 1 17 DE C 2003 IS In one enbodi nent,
t he deconpressed uﬁthab“unda@c&at@@wa@@aegahbﬁeuB@OQR&%%§§§ vigeq, Thus,
the "pixel select control"” signal dictates from an upper [e Fnost pgéition

on the di spl' 8paser EEANGhELRERTEI Rel 4 ¢ 6r Wit Fog.f feminhecdecaapressad i deo
or the unco S Ldeq_i be enpl oyed progressing fromleft to right
in a rasterngggniﬁgﬁéhgngnkggkgf%b to bottom down the display screen. In
this regard, note that the positioning of the insert picture as well as the
size of the inserfipi,clgurg ga i i fi.ed t-hose skilled in the
art without departigg fron1thglgggiﬁﬁgégﬁgggghéhgrg@éﬁFlFﬁQEnPﬁoﬁ. The

resul tant vi deeisatpon undm inl aMdor@eddes wiet ahet beibaselerpyl 08D

bl end | ogi c t I a haital, video decode system chip 100

(Fig. 4). Th%Q%E%HSrggﬁkggq%% Eggbﬁgﬁﬁggdﬁ¥t%egﬁgerggﬁFanvafééb fs al so
input to logic 204, the output of which is the desired picture-in-picture
wi th graphics. The.fungti.Qni_ng-of .t OsD blend logic 204 is identical to
that al r eady knowﬁllﬁ %oﬁ%egt%&ﬁ%ﬁt oG58y P SEanm%Sél@FQShPésdé@@ﬁay_
deponpressedmddglEaﬁqﬁhd&@gabomﬁ.éﬂa%ﬂaﬂQcQ|%@@hfHB%tbQQnEE%%Egegfathe

wei ght ed aveF§gge f RB%%%th%n an chroﬁa va%ues bet ween the video and OSD
graphi cs soufce. Thi s averags i$*had&d aies REFGREI RySESeY PicFéat &liphad
(denoted here by "a') having a range between 0 and 1. The average is

cal cul ated as: (video x a), -~ (OSD x (1 - a)). Additionall y, nost
i npl enent ati ons p% i'déof df End 1eSHgEpmitc $1Er ERPPE iBentompoped et simer or
nore regi ons ;-8 I it fficcient individually
E C 2003 16 seFe%b%@%ggfg?rgg%hséggig%?%%?%g? BFeﬁ&Pﬁggd&QsaﬁSPrﬁéﬁéeto be
const ant ovewitthe téwrt iprenOSPlesThe @R irerdinng ihwaeaikiiegn for use with
deconpressed digital video is available in the art in products such as

IBM s "MPEG 2CS22 Digital Audio/Video Decoder". To summarize, the co-fil ed,
and incorporated EGV p@estpdcerdt mRDIdaatiion desChhbegndcapapi ity to
bring into an integrated digital video decode system (such as a set-top box
or digital video disc player) an unconpressed video stream and synchroni ze
the out put vi deo/ medieor Ir1es ent-atdddN g 4 oSt Heaw; LPresent %t%%rr%it%d s the
further capa%&lLty to.qix and/ or bl end grgphics into the output video
stream WhiChI%ﬁ}%ﬁt%ﬁEGQX#%ﬁq P Fhc divpr €598@ 16 dde rster dldmicr la ner ged
pi cture-in-picture video streamincluding both the deconpressed digital

vi deo and the unconpressed video. The blended streamis then output to the
internal digital video encoder (DENC) macro for encoding to television
format. Thus, an unconpressed (e.g.,_ analog) channel is presented with the
sanme graphical features, function and progranmm ng nodel capabilities as
existing digital channels utilizing the integrated digital decode system
Typi cal sources for the unconpressed, anal og video would be a video
cassette recorder (VCR), cantorder, television canera, |laser disc, digital
vi deo disc player, conmputer with TV output, cable television anal og
channel, satellite anal og channel, tuner connected antenna (broadcast). Any

Y " o o L M. o o v o

~ o~ o~




1 17 DE C 2003 mAs noted briefly above, downscaling of decoded digital
video is also enployed in a preferred enbodi nent hereof wherein a stream of
picture-in-picture video.is produced for display on a conventional,

non-pi cture-in-picture tel evision system Downscaling q? Ei%l i tal
deconpressed video has been described. in the above-i rﬂo ;{h @%30 pendi ng
applications as freeing up television djsplay surface area for graphics
information that the viewer is tenporar?ly nore interested in view ng. The
graphi cs inf §rft3 GPTPRPPht €1TRY Phfdrddaitel, pidgy anis oo mede

i nformation pilagmy,adjHiSSHEIRG it  Sehgh _Vi deo presentation. The,.,
downscal ed vi dgg&ca be pl aced i(ﬁa%/g% ous (Ig)—o%atelo%g‘lroéj AR deh.tBexause
the ni xi ng/ bI"ERTFHE I Unidbiraidscrl &4 b0l sliewe ré yoetcbrner e tirgeper f or med as
a | ast stagepirestheed IR [N ' ):aLLl 1 0gjc necessary to
provi de the gi deo deconpr essf?g(rnlss;dnrgglor%-s r%;ﬂe(:'gr%j éjlzlsg}ﬂakairll i% 4%%&%%&?@#!19’1%
the video def¥R5e8sSARRbIA Qi Ayl ared imeg horarab ndete L iPISE A ddihi NG 5 ¢y

m x/ bl end i sgpr %%%fﬁﬁé%rs%'d‘ atn%lt%eq pﬁ{g&r ned bet ween t he D graphi ¢cs and
the deconpressed digital video or tHe uncosr‘?tﬁlb{ls FhalfQy \ExdapleBy a

provi di ng cofifPdles 156 tiefld-ide ,ectiidep afaddet td de@cxECe ciﬂ“%&t@ﬂ:’h%’li cal l'y

switch betwegq e red i ctyre decqnpressed digital video and'the
unconpr essed vflgte}(ﬁ g\%u;d%g_fi % uthe &t Féag?%yoﬁ[?ré%lﬁ@ WS @ riaphgreess enitted i n
o . lcteich s el N . . .
Egseg?gﬁ%?ugggiﬁgf?ﬁ;e%f ée%%?ogeéﬁgzﬁdﬂ\?dgogn betb‘r_i‘rg\#g% Lln &97851%%ar e
and user contr to keep the Teduced irage from bl ocking the significant
sections of the full-screen video i mage stream OSD graphi cs can be bl ended
117 D EC 2005 | SUFSYOE 2 bATHAOG i He et che 1K endorice sragars
desi red. :[Af] Qiascbss?dhriomigﬂni,alflow hﬁd’éﬁ[:l}_:{l.,et,t m;/\rlf].eiX%‘é%tailoré}rfég)rﬁﬂ?iss/%ﬁg%od]?COdi ng
VPEG 2 vi deo (BCSLhPRE: SDy 8 FRRIOHAAR ré tredabenen hastpnr shed, heo
MPEG 2 vi deofdéeddpatentkenthedenes Prbgeagnd MR (@Apetitive, the need for
hi gh I evel O&r];%%ti%rse/.vi'rc]j:eegrpat irto?g at t'heitl ow&;}st possi bl e cost is inportant
to achi evi ng sGECesSE /i e *Ra k193 L1 tPHe Virese Meconee Styistrmackaewl . edges
this by provBdirdly scaimand zeede tHhe rEE;iUC‘;%rtth%o%.;er' 8 s@f i.splay picture by
a predefi nEdbg@(&E?%bﬁ%%glﬁ,ggéta r?ﬁro%f éba,}iqnﬁob%%h élge Shgr i%zgr]ft%grraé‘ﬁ“ﬁkggrti cal
axis. Fig. 6 depicCts oneé i d&G C@e€o G sEp¢st emibnhavtandance
with the privédpbesesbdelre apresenti ntaeial engiFalS (isdgq.d stem
i ncl udes extggggluiggrmrr%g%%,v whir_ hei n J;Pr;ye enbodi réentsgs%g\,\ﬁ(égg?rﬁr%lx%:es_ SDRAM
frame buffer storage. Mefory 658 mtBH RS & Wit danvahery ofortigokluni t -
652. Menory &DRUtdbutpiut 652 o epdinceoriec adedov indee datd skt Rmcﬁié' deo,
decoder 654 ggv%@ﬁ' d%s \iluq:e . ataffeor di spl.ay through”vi deo di pray uni t
690. In accofdance with therprimei NS B ehd opr €98Ad Jumashtnen forhenvi deo
degode sy;_t Fﬁxtﬁc;hades;rra@ﬂn}imug:ofrﬁatdl_rl%&,\Ma!ncIagié;gﬁbgqeaggﬁ_t\égdggssiglyi gg
node capabi r._exanple, decjmation unit 682 is nodified to frncFude
both a norna?%éieéggoge)éﬁﬁﬁtuilgnar‘f‘éjldé‘”ar‘?d‘t&r\?’ia&e@lgéélailn@uﬁ@dest_Enda_edbuffers
TB PR DAy e R it s YO B
format. Di ;p?ay m% & "s\i trgr‘flltpé’lfc_té% G- Bor oFP8e 8GN PRES \ndéoddisspl ay uni t
690 to faCI|FEaEevsedmkeSQrswﬂkﬁhﬁngab&kwe%&commodating in parallel a '

plurality of input/output signals, including pixel data

signals and corresponding synchronization Signals.

Further, the above-incorporated patent entitled “MPEG
Video Decoder With Integrated Scaling And



r , .17 DE C ~00~ normal video no pointer control buffer pointers buffers
when in node. 19 3e and scal ed video node. Frane buffer 686 is nodified to
provi de the correct frame based on the novel partitioning of the frame
normal vi deo node and when in scal ed video Operati onail7y£l£n MPEG i nput
vi deo source is fed through nenory control unit 652 a&lfc 62@%2 vi deo
data to the input of video decoder 654. Decoder 654 includes a ffman
decoder 672_.ln ers%“%%nti zer 674, | nfer se DCT 676, Motion Conpensat i on
678 and addBﬁsééé,Y YT i die deef@rieper datfore die eeMbRRGHER Widh t he
vi deo decodgkoduichng al rediud : ! r. 670 _qversees the video
decode procgss andl,n@i n accor%galr%'t E{e?ﬁ)zﬁ%%sﬁcﬁdplvé‘éjeﬁ stlﬁ’é’adr &oant
i nvention, PeEBle¥s £o% g¥ampieoman rﬂ)sxorsgeswttdmmdlert@\i@rvitsh%nh%§%t@§§i res
to switch thewnisdaq i r.examl e,..normal video di splay and
scal ed video display. g‘SrlﬁJii?ﬁsi gngl i sseiqgfvelgfréé)d 10 97 SESF e 1as dgtandst
control | ~. . Pefermin cvamgstisingnelth IRigses Beioe t@n*éo%&nbfo@riﬂ?éhtcg%n% s,
control siohghs, e jnternal pracessor 670 to_Huffman decoder
672, |nverse Q.Ja%?igggr %gﬂé%#l?oiﬁg é:ﬁ&%tefjonl%?@,etaél\/\ém Blet patipnanpl e
| ogi c, 694, &heptlsd fchonniape? mnd Disptaycspde syhtch logic 696 within
vi deo di spl /Y ? (% P,g\%ai n, thgqse caontrol signals direct the video decode
system in accoradanc& AR Ehd L RUBRE FPrt He 2pRe Pamit iiley deiciode (and as
descri bed bBLhowtriba ,¥Waneh dsme odiesl U n, far examle, normal
vi deo node Bd scal ed vi deq mude. thllayl)&rgiuze %%?ﬁg\gﬁ%cl%g %f Caé’éggiat% deo
data are seg ght 51 PBSESIE Lo A %A ided 1¢e @oderte84 fua tileri melliben uniht 682
where, in oonpeeshbdidrerint,t tdd Wdpadizg 1R ARG unger ggeone of two
types of congr ession. First, if full size video is desited, ®Pflen deci mation
of the B-co@BH*CAHPISEG EQARFREt®ded nsAl phi d npegretabl vigerhor ned. | n
t hi s nor mal vitddeodeedee G8GiItERL itN HeS ddlo9e8SS 1OF, ing the anpunt of
dat a by intergol ati ng or g\%eragi ng cor{bipﬁg (é?a ll}ef‘sactcg)qgé anwilgpeF 6l at ed
pi xel val ueP*IFREEPFEPatifort hte BFesethd nyemséonef  Powelver, antet heaehohgs
| ess externaf mREBEY applieadiind iatd N6 Q¥ehabl sY§Lem. | n a_second node,

©

m
deci mati on un'ELt 682 perforns picture scaling in acc r §aNc 8 TwPrRTPhE
princi pl es 8F¥hi s THREENEPRT CaBhagayidil dearpberentetbyphost sgalilsg in
enpl oyed nayheedute blake Ovgoal lths 28 frithe odi Sp icture. by a factor of
2 or 4in both the horizontal and vertircltgl ggi ggo?.x.dggl lic')‘ﬁéewhnt‘h, provi di ng
decimation unit 682 wth a stream of decoded full-size macrobl ocks, video
decoder al so sends as'RROIIGKNGURERIAL IMPRGUDI compl et e” signal on
| i ne 683, V\gi.Ch | ets .deci mation unit 682 knowg\%/aégggdné(?FSBIlESﬁ Ras been
conpl etel y 3585684, V&R &MCPdiget medidiosh thaitt re821psovndesbatidechaat or
busy” si gnabanfwliidn® 6@%ulct iERt 1IN £ AUPLRSAL kAN ; YAl of _vi.deo decoder
654. This "gg%mator busy"” si xibg{In inforrrs"tlhe rn)'?:sgngczfg1 persatlon unit .
when the detPRaPFET &Y € L9 S5dEY Saf®mBHEs sihe - unEnchds dg onphptred sktis
oper ati ons, dattienlwkiath tike stDisicRh SANMRERSRLLAR YR roceed to the
next mcrobhgg%._zl\/bti on, conpensati on unit 678901§_vib§e§ﬂge§8 8r8e 52"pfBvi des
read video addreés&sSaddct | P¥ & avendr *eowteol videe 6520odand wnite video
addr esses t acdecidamicdeomw ithi tt h@S ¥ HEy- Wdtlainhg rof ;deg yldeo data (full
si ze) and/ ot sggl ed. macrgbl ocks to exter ngl rrrerr[l)ry ggggl}éﬁgpépa?f?g?g\ﬁth
the read vi 880 "R§dPLSY Cartd SAtFCE afiedeo caiirady, apeiigneds Uadeepr svhded by

frame buffeLepaieftseraaemty ®lo.686 476 1w menpryegntgel unit . These pointers
define which frame buffer areas within SDR AT, 653 ggget%obﬁgog&‘fessed by a
given read video address or wite video address in accordance with the

Although the present invention is described hereinbelow
in connection with an MPEG-2 video decoder, such as
discussed in United States Letters Patent No. 5,576,765, the

14

invention is not limited to use with an MPEG-2 decoder, but



1 17 D E C 2003 21 partitionings of the frame buffer nenory space pursuant
to this invention (as described further below). These pointers are referred
~toin Fig. 6 as current pointer and current small pointer, with current

poi nter conprising a pointer for a full size macroblo EE current smal
poi nter conprising a pointer for a scal ed nacroblock.i dﬁ Qﬂﬂaunit 682
receives the decoded full-size nacrobI0ﬁ¥s, buffers the information
internally and h% scaILn% nmode is activated, performs scaling as described
bel ow. In a hof Frm5dE PheSMPdOYSH wHitthi®82angut pubsrdecaded quicdeo dat a
full-size mprobkeeksigt @ yRRER Vet ¢ ;uni 52, for storage in frame
buffers 653. en in scaling node, débiﬁ%tpgﬁgﬁﬁpﬁe6§? SERI-E®eNe ful | -size
macr obl ocks SRA2BGEFULL 2pb4Icsd arEdoabvicles pooreseLgcontrol unit 652 for
storage in frane buffers 653. Franme buffer pointer control 686 is
significant and ant%°|i rotation of the frame buffers, i.e., frame buffer
assi gnnents, whenfFnPaGkgaiouniddeFigodd ahdwegi deqis§ahingNQAe..i ¢ardance
with the prigg%gge e%%d%@e present invegtion (desc?ibed furtﬁgbgﬁgﬁﬁﬁféaAs
described in the above-incor poFat&§S&Fpratat FBRers deei magheh wMi tn@82sal SO
functions assparedofinvitideo comppeayednidh t89Re1BED i?tri@ﬁ%ngadatg for
di spl ay. Speg%ﬁ%gﬁlh&bogecoq§ngiggo data conprising fu -Ef2428¢8n 1 nes
is retrievedh rom f rame baf f t aﬁ@aéﬁstﬁﬁdcp@ﬂrehsedghadechﬁaghgaaqnit
682 for B-frafeand- expdasimonieh pompenestidhi $nks o_that consistency
is naintaine?hgo&okggnvkdeo within a group of nicfﬂggg?gaﬁﬁ PhiBatedficta
resol uti on of any one p|8PBF85P§lHBt(g€9céB%Fb @.amfit gnaneiexpansi on, the
full -size scapefEheseatre psoxidadit a5digPLay o4t ipterface, 698. 17 D E
C 2a03 22 AJ&g{gaibvel¥ when .in video scaling ngg%? Q%% %éﬁag?aﬂd(IQ)
conpri si ng seal ed-8¢an PFnBStien, EPRPEREATtipRMAL tpe bAs f ehe StOFagen653 and
fed directlydabastanml the vedeochutf er5,684 ap_lines are divided
bet ween | um pance and ghroninance dat a gnd %%%Eﬁaégu??eﬁfg%% niPihe &pama
prior scan |ine BFEFEGCFr BAFEERAOFKknewhidRol buséer sa684igwaverti cal and
hori zontal upsaeapl 25l 0girEe694velRsalmLE+ED s._are received fromdi spl ay
fetch unit 692 mhgch coor di nat es Ig?terbo§E¥§¢n%R%?n%?m%ﬁﬁeﬁpg%ﬁpling,
4:2:0 to 4: 273VUPRENBPANGOCARHCE PRERer whidica T@nsent & splqyaf € ¢he Ynif,0 692
provi des theimeads¥i deanaddrRssrher)r ghtieyal can Lines fromframe
buffer storage 6S3, A "current pointer, currénf%%%a.Tv?ﬁﬁ?ngﬁanSform
synchroni zat i on ( SYRRPFEFghRF FeFoRpEpRayed sdi tteiarte hya MBSHT ¥k ONE I Oh o
unit 652 froimdéspeayrendecsmi behthooig 696 i deo- di spl ay unit 690. As
noted above, the CE%rent poi nter, current s?ég?a}éhﬁﬁéhc ?@%%J pbifits to
the particul ar“¢PahEUGhFfef i Af ereREOMmaRr ehlbachnid i swst ade $0ghe1 ref rigved,
whi | e the retdevadeeraddr eqgrestongl ; deghgoat e particular scan |lines to
be retrieved&mﬁthia thﬁ% frame buffer area.@tg)(?s%)%u)gpr %&F%ﬁfﬂ&%c¥?ﬁﬂ%0896
i s provided 1A atddPlahceCRRPREEHet be| ReFphebr it dhenpr eseNdcli nyentjion i n
order to enssme seamhesscsvhtehifgehelVRED xaml £, scal ed vi deo mode
and nor mal Vidqg%gggs.mLogic 696 recei ves %%£§%uﬁﬁcgi(é%ﬁﬁcﬂm%ibm%l from
0

i nternal prdcess BFTOPUEEK dechler reSa s tsuatedd rasciBobBSdk CBE then

synchroni zatsemt (¥SYMCynsignal t6f R dLsP] @Y 2 t,4 nterface 698) and a B
picture "M~ ~C -2 1 epeat field" signal frorﬁ H%%‘?Prrazn’ ‘deC BTGt Vidleo
decoder 654. " VSYRICT F 8 R R 6F AR OS§nehir oignat i 2h 59 dihGrdhatenadi cat es
the start ofmemoew disphaymbiebdioQdt puted rom display, mode switch logic

696, in additiqg to the Tenee picture or
Se€nds 1t out (to memory or display) as signal 28. Reference
frames are sent out as signal 30 from the reference frame

memory .



17 D E C 2003 23 current pointer, current small pointer sync for the
display, is a "display format sync for display" signal fed to display fetch
~unit 692, as well as a "display format sync for decode"” signal fed to the
decode | ogic of decimation unit 682. Display node switch | ogic 696 al so

out puts a "block video" signal to display output int erfa1e7 @E[}/\?O@ﬁ is
enpl oyed, in accordance with the principgles of the present inventron, to

bl ock one di spl ay ,f . ke oi se fromthe display when swi tching

bet ween di spld ay n@d@%ﬁ&%&e&%ﬁﬂ%& &leidy 8@ cadet e stiesplcay pouigRerally
interface frdenofsanglle ltegiempddd. thhe RGpRE g writ. frame buffer
partitioningisz%necguffer Eginter controlegﬁd disgﬂgypﬁgggn wifidigntion
logie,.all inpl eTEACEES AMadrd@nce SHistieny 4O prichoidplses ety . t, hias pcaveRtd on
are descri bednitergaeat @y d@tian ReHIWM reference to Figs. 6a-10. First,
the frame bugéers The frane butfe?% grékgsggcggengﬁ ephé%c6ﬁsﬁr§€ﬂe@us

pi ctures for FspM§§§ g8cperd Xédﬁ@rd@ﬁ@dﬁ@tEenchédwa&aqgemtbggchgrg§.ab
Since a B pi DMAr eoh% rdall esq@d {44 A §9:1GL10 its frame buffer is available
for use after the picture has beéﬁﬂdﬁggﬁgﬁegbng?tF gP P Nieear Edrsthe
frame buffer 1REE4ESEoOBE HELFOAf beuf fetirs giBay, Thar biusukahkyofi 9k PLedicting B
pictures. FigetBgedephCls . fer allqcation for both normal video
mode and scal ed vi deo nogéggﬁngéggﬁggnéégg?tﬁngzgrpﬁpﬁéppﬁé§aofrpmi§CI

i nvention. |RYSoARaEorpdaitiher tcare DisDgeubii amerbof £er s AO?EHBP rt the
decodi ng andcdhspbay <Rr @se . Frame _buffer O and franme buffer are

al located for | and P [gtﬁggg,pﬁﬁFﬁevﬁ §hedliff L8Pt Rscasspghedemorp

pi ctures. Theuffawevwbhier syarmitaggedoby abuéfermpabn e Bral) €53 ,t.NGpEg
current poi nggfmsrEEQRHl (2 obggkgrigokgter control 686 of Fig. %f %% E
C 2003 24 In_the scal ed video node "at "FRaSEtFi¢Eed Anethaf védeoadecoder
enpl oyed. Frafrefparf BRAY éﬁdahdadecbdbﬂeés1dé§§£ﬂbé&c9ggpga%g égh+e§£ze I
and P picturg;yjdeg Tge anke%s%.thrzﬁgother buffers, which are | abef&8f
frame buffer 2, frame buffer A 3nd°PRam¥: bbPeefesodpdt nedexadpte showvhenare
tagged by smakbrpdi hteksigenecnted rhyet Barkeage, pu ipter control.
These smal | Qﬁgfer? gkeanaiglﬁﬁused for d[splayopuééggeggmﬁ%ﬁ FrRPSeareqt

vi deo node. 8 bul F&Ps2aF 8LERBPFesFa Enipr HRpded, f oL vhen vi tléeo seak L ngs.
When decodi ngsahol ber oRtpuet Brem the aenshtusted.piC is,stored into
ei t her buffeg50;qr Qg&ter I,gepegding upon mh%cﬁ%vérégég%%a FhbI & RRAVhe
same time, a Scaled dbwh'§er BY ofiN6f MEMeCeRkEObYer ired | Soswaresdi ptp one of
the snaller dufpetsyin. e. dikpany bubber idreffane Hyf 4 or frame buffer

6. The full sigze vggggdi§ then used for Er%diction, %ﬁf?%g?h% dhattali zed
video in the smafl “Frans-bifereliEonena POr e st ayr othihes scal mad down

pi cture. Thed&taneababf ersraeeecaonli gHEed: Byo M &L OLY ufd ng
initializatiggrﬁg the video decode systen% A?nennry g%g %%Hr%%so?EPUt
assigned to eac Prane Bu f8r}n5ﬁ8f?ﬁ§sé0nennry base addresses are sel ected
by the buffer pointers generated by frame buffer pointer control. The read
and wite video aggrgggeg éffer to specific addresses within a selected
frame buffer. Unless otherAFseii¥dprbaved, thhe imventfomnes bif ferted siysed
herein bel owas anmpkusi ve ptoailihgageqdbyifer yeymry contigured durjng
initializatipg, »Frame buffer area” refe?s to one‘%fd%ééé%p%%?ﬁﬁm:W%%ﬁe
buffers depicted i Fr . Ba™Fhe"§lHed BiSprES opariatesrée nfesalrdj me, and
therefore, fhasehbuffepepoi afetheMiblchei sy {shed, i to the VSYNC -
tim ng. Sinc§i§$88?i99 is always ahead o%'the di'sp af%gg&$%§ﬁ€“b B%re nust
be made availabl 6 to sf6Pe’thed® 1¥SEPE ¢l tnosh 25 atevodeit it Uesrlay
Therefore, theaphame butbernpehatlegsviyst ey s tghed before decoding
starts. To @X?igthe dgsturbance tg t he displ ay franeﬁﬁﬁ*?ﬁ?tef%dby of the
di spl ay buf fer7pofnt &Fr°F8 RAPREAF#BE. STRESHUT flarowyt t chimge i@l d s @t the
begi nni ng of egaehnpictuephdespdedeIherdi buf fler_pointer is al so
changed at that time, however, it.mﬁ?l ngltO[lJ etdgggld% i#e%ﬁﬁﬁpﬁﬂsﬂﬂzﬁﬁe

poi nter tinme” wAr ch PSCFRBIBEGH nnFAgLstedi p2 et dimpl iayat e @ndodident of
normal node buffer pointer rotation is described below The follow ng
assunes four buffer pointers, with each pointer containing~two bits to

i ndi cate which one of~the three frame buffers (buffer 0, 1 and 2) is being
accessed. current pointer - indicates the frame buffer to be used for the
constructing picture; display pointer - indicates the frane buffer to be
used for the display;



future pointer - indicates the frame buffer to be used for the backward
'predirction; and past pointer - indicates the frame buffer to be used for
the forward prediction. At startup, the future pointer is initialized to
"1" and the other pointers are set to "0". At the begipning of an |l or P
picture decode, the value fromthe past pointer is Ioaﬂ %1@02@ current

poi nter and the val ue fromthe future peinter is |oaded into the di spl ay
poi nter. The\p/lag c! nt er d t he past pointer are swapped.
| f the decodi ng pi ct ure ‘?SE% ‘LB'%‘| a%t rFF rdblEﬂlérDJagmtahevﬁcﬁé@l ay

poi nter are Detode Spstem QH:LID.'E Crt21)£)3 r?_@e,ﬁ{ fF&served, Ln
one exanpl elgH‘ or“;@ee lB?(%é cg{‘i’ht?]g?%a‘{igt ure pﬁyﬁter Cﬁ;ds pas? poﬁfﬁ”e‘? I’%FI‘BI n

unchanged. Point'et desdrangedie stgiteat ern degai |

in United Stlatld&qnlalsenin a e 65 SO Ly; Ssheney gt aijld e_Lnt' tled

~~Menory Manage ment Forﬁ NPE‘_%QZ Corrpl i ant Decode |r’ett3}”o°"r ~whi ch

is hereby i ncorporlsﬁréae XH RYFRYEqiely Iq?—ssnmhedi \Hbjdatj‘fpdﬂ) Bihehq

di splay ti n@mfsca:qmctd,ttspla;y dedswye B addi al_ fi.eld ti in
dg)g:},grhe pur&g{s%q’ofariahlosg dei%§Pis to

accor dance Wi t h tglg pr ese I nventi on

decoupl e { & GRS A pths Eﬂ?Jo]cJetsYset@ mmanm@eimm% ed

vi deo can bdl@l&ﬂﬂd x&rliyéﬂzhet[@ Hne-d eni cts exanpl e of
the del ayed display timing in sca d VI é% aT%O di%h1% Aitt?]emfrﬂzjlji s

adj ust ed dy RSl IS ZRcorthiene tffﬁc'tmereﬁ)cbae idescrilleet Her grefamly VH%C{E‘th
scal ed vi debdIRge.ande; Pne,d 'ﬁ{cdof[%cﬂ?‘atgeeéf a%lpﬁcﬁt%eded in accordance wt
fers

this invention to properly manage 1°%8%st five buffers are
agai n assuned in the video scali ng node. As descrl bed above, two of these

five buffers comprige 4 wd e uffers re |l abel ed frame buffer
0 and frane bufferlg:SL in Fplsé@ I{lgﬁese c{“|e§1| 8t flaa L Splepess raed tife cane

as the corr &spEIdEvHg It f%r%tetm;ecb |dnsn;dramlmwgdgopmdﬁce‘5h%yatanl east three

smal | franeipHdB=Shed a 2, frame buffer and frame buffer
6, are allocat ec(iﬁ: ot heﬁsgaln%fsglrre@rrloqreo (%ec e SYE LD 1By aFIC&rﬁéia@@Ef erith used

in the nor m&heiRFde Gt s Tfedtha mmen’alllnvfehwianbuf fhar g sake 1GR9l ed by

a different sal, @it Gried aho SpeC| fically, four addi 11 dnal
poi nters are used |7tr~1dns(%:f’;lklaﬂcf’1 5 Hll at%r'ﬂlll@ de qpbilHEadd tar @f pixelsDEC ~OB

27 small c@Xtendips maross mh:h aaimra snalthibukterehor ot hg ggcijrat ed

const ructi ng;RitGL Ul o Simall nter .- indicates a small~buffer for
t he di spl aygl smal | f2utlu5!:gsl’ poo&ljnt & Oﬁper‘fjdlwdé‘théé‘ fheéagReltl Phgtiee fidr. the

future di spCays afig.srlis tararesidndre po Rt @ﬁctulr@dllga%)g%tqllgg %r;_aaLnI t%uf fer
for the tragglleeqln Cil\g})eln the decoder is initialized e snmall current

Fig. 4 depicts one embodiment of a digital video decode

system chip, generally denoted 100, 1ncorporat1ng the

principles of the present invention. System 100 receives a

digital video signal 101, for example, from a first video

source such as a cable or satellite source. Signal 101 is

forwarded through a network interface module (NIM) 102
which outputs an MPEG transport stream to transport logic

103 comprising part of the integrated system 100. Transport

103 demultiplexes the transport stream and sends the

compressed video stream to a video decoder 106 (see Fig. 2)

within the integrated system. The video decoder generates a



pointer, small display pointer, small future pointer and small transition
"pointer are set to 0, 2, 4 and 6, respectively, At the start. of each

pi cture decoding, the small current pointer is |oaded fromthe snall
transition pointer and the snmall transition pointer is J‘ Eﬁ:édromthe
smal | display pointer. If the decoding picture is a B p jl 2993 t he
smal | display pointer is |oaded fromtH8 snmall transition pointer and the

smal | fut ur elgoimpees sedallPEG Unihengstgnd T wied | s i re.is an | or
P picture, t'{}?? S8 |, di s%)ta%. 0j ni er.is |oaded f?%fnqéﬂgl@érr%ryfﬂ?ﬁ‘?’%rded
poi nter and the St FEF R tr l‘gb?‘ﬁ e¥19€0 | engrir s r PENGe mamtd 10ANSHEI ON
poi nter. Onefennantpt n@f fored | t&1avEs Dot f &0 s t G ' ccordance with the
present invention is depicted in Fisg. '7b:.?ybzl'h'e fu {]gslﬁz%”?)rane bt ftsto-
frame buff eP 5 TPRRBIBEER e?f 1ther viden txiina)l ascddrs her e OHET ohSpyt
running in ndroedo nbge. tdhesesiR byffgrs are needed for prediction, but
are not for display in scaled video node. Wien an | or P picture is being
decoded, the picture is stored in both buffers indicated by the current
(full frame) pointera@®dlrdadde REGR' . the .smal | _cyrrent pointer.
During a B picture daecodir n%, ?ramegbﬁ‘?%e‘r;£8]fgcllﬁ3 1t tgﬁﬁtf?fée%‘%ﬁ? ent (full
frame) poi nt'étVERT3omot thr dewerscahlyg tdapaanililt fasarer ifd inciéj&rliéct,&ﬁ’ by
the smal | curgentydol i, u r.the decimated picture. In norma
node, the di'spl a§/ %ﬁ%@éd@u@%@a{grb Th1 ,a%q etpq i 214 devrende,
the smal | diesyilagyspbi o erediscaiseite Thee to® dHe fRSc o AL 9 %ilt%otré'frhrrs
oper ate si m{}fcpg@oui% yor;?% él'%a (gfg?i n@i ng of each picture decoding. The
buf fer pointers are sinply" el et eyt delb i g A adhirds e dimnldegoder
is in. Next siFig. Bdepressnione enbosdiaresicida deaidmhion iy t, 682, (Fig.
6) enployed - gegor dan§e itht ewgr esent invention. . In previous
i npl ement at i 'ons - of the decodd® deci MatP YR UAR tto €ogm thee rolextivee+ion
unit.was |i mitetdited dpesPdy NOs oFe & PE&d WES PRING it . | etterbox or
menory reduct ion pur ggses. In a scal ed video mdgﬂggepsféeeségﬁ‘{le %esrle‘?rr‘ﬁ‘l
however, the et F X AN emi Ehproteymed aiaphiictauie deepasorThi s s
desirabl e i nicraleibdd HRaVendRIBS Ve DA M @ly disAlay, di 1B, Since (in one
enbodi nment) “sPcaI ed pictures and rr%l ti- pléa%le' hig relg% t&tcinor?rﬁg%%ger‘%phi cs
may be nixed AtCTHERIRbutE* 19T IRk i Gt dsto Mapt Foxt el gleri Imat i @so
unit includesedebd My o©dm | ogi©. 800x 1 i ¢y RCEJ Ves coded vi deo data
fromthe video decoder and outputs a deci njlat e?'d%t é}%eloc%%teocdfocfetci%ﬂ%n
buffer 820. “QUtPU® Fromt Hech hethions bik¥ed igpdhes antl tiqy exgit83F +tlid h t he
undeci mat ed,urdengsiess vé dleo; dad as 1 QeLl Vies! ﬁ‘HéJrPnttfé%r‘Qtf%%f cﬂgﬁtocgaﬁr such that
well a

mul ti pl exer 8rSOoceout puts the decoded video data, ds € scal ed

macr obl ocks Hor° St oray e Y ittt Fane* bt s e video gegndies .as Mescri bed
above when imcmadssssed7s ik C 290329 v deg e. jtg video address
fromthe notjop corrpensati%n unit of the vi de_g%g%coséa-egr&&éw\}flec% J FEroT y
wite contrdl's 89RY vif t Hi F t FRINRIET fred RO Umici g iviteile bs igovatlr air vari tarmgl o
data from dedigrati on buffer 820. The wite video addresses, either with or
wi t hout decimation scaling, are al so output through a multiplexer 850 to
the nenory control unit (see Fig. 6) . Miltiplexers 830 & 850 are
controlled by decifrede £o0ts®lvsddhad 5q8:0.10lhg Jdecimte gontrol | ogic
recei ves as | n(%l\Jt a skifﬁnal c(gl | ed "I\/Cl?bl ockojcgﬁple%lt%%%erdgmr%%re erﬁﬁ“?po]ne’
conpensat i on Ul t2 oF2ther vidkd! HetddefCR T S Wiegnalourdendiacatiesi twhien t he
deci mat or camubegh it 4:10d 3¢ i { @ &b SCahesh may-0Ry;Q0k.; . The (Jgci mat.or i nfornms

t he notion coi@?ensa%i on unit that it is currently busy tthr ought ‘&%i gnal

| abel ed "dediHiDr By IPEbrta @i ehn Rt ook g itther o iate tduxhases. One

phase is forsydreeh und @ancen: @pth & Neg of her, Phase) 154 @, ¢ reorg.n nce. Each
phase requires a wite of one full-5ized nacrobl ock and one ‘s¢dl%d

macr obl ock, HFHIET a3dnt PiyPstated 9i selr ot 0SD logic 106 is

described in the above-incorporated EGV port application.



Various specific changes to the decimati on hardware/ process descri bed
previvusly are intended herein. One change in the data flow of the

deci mation process is the addition (in one exanple) of a 4 to 1 horizontal
reduction, which is inplenented in the horizontal deCifB]tE]E nction of the
decimation logic. This is to support |1/16 size scalingl (A ange is
to increase the decinmation buffer sizeigo 32 x 32 bits. As | and P pictures
are processedotehéhfatl IDMI D e ST NP A S pMoivli i8R Q5 hY,. Wi le the
deci mat or scalfe%do'wn t.-he macrobl ock at th,eljsdfarn:sL t_?‘ﬁeg‘érﬁrg@ll?o%érm 30
stores a small Er SAIAE i AR HeHiadet 6 lobef ding2de Afberiteat) the
full -sized maynebhecicdrs v idHER fdb TRIBY e 1t B8 4086 h Welbes the scal ed
macr obl ock t(i %not her, puffer | ocatjon wt hién ner?o?&ltg?hgl wf%bgne ﬁ?ﬁﬁsper 2,
frame buffer *4 oPHVAHE S G BN ir & tHeore edisipiad sabdoe) exdimglkar gat

deci mation bubkezodldaaws iy dite Wi ofyldh ! aropl-ggk . The

deci mate st a%ngchi ne logic is also ’_Lch_anggéltct gnglﬁlﬁoho%’ngggg'&%
operation, i°&V/ERfaiGPdafpRdty £5cHindan deanspdéo Boehf ithet vimde i s B

pi cture proceasgiodd rand dihe 1SR MReE: | r i_ct processi ng. For
B~pi ct ure processi ng, onlr%ﬁ?g smal | rracaﬁlc?‘t’nl%fg%kgg%r%§%\?ﬁi ﬁzgﬁ'toTﬁ@rmry

t hrough deci H&GtEF gi&‘fof Mgy armaeRnensidlpaded thtewghethagdegemation
unit as fast s3%chheiidan, £ I 5 it can deliver it, since the

deci mation buffer can hol aQLcorrp e éelods%lc%r}’eddC%EFS%Ilé’CPFOFSP?_)}@Eeﬁéﬁce

pi cture oper &¢itgns, Thife Madns sioe pactoaioekhase cani beeRthadaeRory first
through mul t iopl-exer; £30, qug?g by the wi.ting of the scal ee~

i nacr obl ocks. IE)'(Iéhi s Tequi rfceogil tHe a]téel{ ﬁmd’\my&nﬁe%y&&‘ealeyet Fegreisry control
unit responding to requests for witing. Since the size of the source

conpressed i mage va Y. l:here are excepntions to the above process. The
deci mator is onl yrf?L q'ui%; edc?élfrbeésorr.%% yeﬁéj.oéﬁ"\gé’&uéﬂroﬁ‘ofjéfﬁééaeéh?ovﬁdﬁm a

scal ed pi ct udecoCent/adirspliadec S clesgd 1110 Albeady:1hees FRkl mie?g%éealn%nd
exanpl e,

one di mensi oRn,y .Qr;: i si,ons may not require scaling. For it
i s conmon to%%ae\?léh%%t?%xa%f\%gl St e iWé@Sé’sa”(tt}% Ehe WE@EE%SF'LZﬁ}%ntIinnt.hi dn
case, it woultdhilse eammetiessdry 4 @ do MUKW Zecidomti-en 1t BLOYI g?oéei]:/sér

scal i ng. For gre%feq:ra nce .f r.arm]g, the notion conpensation Onit Is required to
wite the fuldl$SiPeT Tadi'otiodE Tt HENEdr eRdENPLae LsgtSebek nerpmihy:,
and then to thedaismaed FHgitdl viddo Ll iZw; 3hel LRWRLBYELEL,! §;ARADIY,
since the di %%Irz%%,e%{o ess ,i,S Q:;-1ly operating on the di sgl ay firame Buf f er
during scal i 8g.For tHeS s | /AR Fe5eiveguEbaoughlLrenspakitng o3,
there woul d meedHeo ecanmiers swd i wdes ep. . < Cehaganil oghqbe h_sL?ggagzcepti on
in this case._: of _the objects of t scaling featuré is to renov
interlacing arti %alctrse.&d{%c% %&W 161?%33)35 t & &nes eRgorhmentacthg si nce
the pictures “Wixedxcaisiotel gortrame’ encodeteMREGe? 63N oplkawi bt ghk aged
pictures of the ssaéptgcysgrlfeuti osnt(352 X 240) and the decimator only uses~t-~e
top field picture to Cf eate THe” SaTE HHcr obiN6cROSEh@ IBGESE6 RS Fahd sies

di scarded. Thérefresl forlact ef@titence i C(thrQorm%d'\/@HeV\/@@chg?egggﬁi red to
varite the magrobl ock fé)rd.the]rtop {%elﬁ%@; cture to both the reference frame
buf fer and display bufterdtHor®¥% plct 'anch dhe_apomsmre serty vaded o
wite the topdidlapimytaer e(3 ntoupper i sid @y f-iam Ruyhfer q; T ‘?Ea%i deo decode
systemin acc 1qdaanpiceal\/iith ]:’]he grqesent inﬂ]venti on provi des snboth’
transitions when enterihg a & i‘Ei}?@thé 9 95OMRrE spsde 2ngi Hoeofpares sed
buffer 2 is usieted ofocaptapkayand thspddy 05 ,Smwalilt BicluLe cyarges (including
reference anddetIBCOQIif ctures) v~hen in video scaling node, care nmust be taken
in

to p~-event ST R bRY : C_TOMR s 3Rt 0 demd f@its sliay I roeesses iatp ltshve
tine of displiay dore =, 4 suiéchitgrdMEoo T 1dsS @d ale3r6sy (% st ment

o~= one fiel otlﬁl e thaé nust . take place durinte transition. 1\or i spl Gy
modes have a 1.5 TTaMOTaLedL ey aet /<: £24f ddcdidg and di spl aying reference
pictures, a zd GO. ~ frane latency -or B pict-~~res . In small nictu~-e

nmcde, t_v~e r\Werence frame 1 atencj~ charges t» tt-:o f ra:-.-.e = a~=~
t"t-:.~= ~ fran~:e latenc-,- i s cha_c ed to one f ra;:~e .



17 D E C 2003 32 For the display format change to occur seanl essly, the

‘di spltay nmust not be in the process of displaying a B picture when the
transition occurs, otherwi se the picture will appear disturbed. Therefore,
transition nust take place when a reference picture |47)E|DE§CQ[]§@ ayed.
This is forced to happen by the m crocode during a sequence header, when
the first frame of the new sequence is 3 reference frame, and the display
is acting on the |l@gst of, a prevjous, sequence. During the transition
into and out of sna Io%%c ur%(;%%fgt,’ t HE® HiFCRBRYe Shedt ditetkdet alhev iatausitgrent
in latency wdchastcadiest urdifgen he winsdste wicidispl ay e(}c%?s.t Rl ame sync
nmust be adj u%%(ﬁ%ﬂiiqsitnhe ew node. Further, field parity st-BE mai nt ai ned.
As a result o iMg T he' QMRS $9F Vidaad  PFihstsur & hede ik 1deleaye Of
one frame ti mentxrdlrit raidyread, d v £t ey &f et QRarison. ...
Subsequently, .a sdé;ﬁp ed frame may be reqﬁfl ragg ulpﬁj-gc%r géar mc?%al?é’%%% % e
di fference. ThS F@%cﬁﬁ’?%&h%‘?ﬁ@?i?@%df@m@l mden tWken | eavi ng

smal | pi ct ur eetiprddi® ¢idd¥ d9SshOf j.on. The transition
could al so cone.at a, tine when a pi cturue&lys ae%eryé%istvblecgéﬁg l§kit|6’pé’§ or

repeat ed. ReFERANEY PreYespinhef ¥pmpleft ftor mitghthdmge wiagralr sz i tten
asynchronousllynay arfie fvast -colhe-d W@t onl ceived .as.a control signal into
a displ ay forg&t regi ster 91-(?,.| and mcr ocsdoc{@ \;q\:llzgllet SAGRdiay PEEEESsi nd ™t he
sequence head®m Sh&esdF dur inatRy Rt i e rmestitdonimigo odi Epleayt rfs@irirat, 1 8gj,st er
910. This inker mahilond sHhen & YNNG nerator 900, as well as

regi ster stages 930, 940 and 960%2%1}65;12}5 s'?cagelc Ug80 CCRp G dsadidy

i nfor mati on FOdHd asehty fhare syhicl 1 bciodetpr eaes $63 hbse H@%a%ttqglg ]GFrom
regi ster 930thand ah8 i 5Pl Ay s ,use the stage 3 register 960. 17
D E C 2003 33 Field counter gztg{egﬁfpﬁs%nctoulﬁivfn OV -f r Giea TEsadtiang mirkear
of fields inC&YUdmdnan & ValMiX of02],isantkd hen thepealse. 1GRWRt @ 92@ IS

| oaded by symnq cg@nartior 20 M caontrol_.signal .as shown. Sync generator
900 al so receives tﬁg}t%VSYNC sq:{{ggcalfe, lggkevgeﬁﬁteélg %R tadt pddesr decage 1

regi ster 930S5YSHe& Gdrar dtlr GOy crdat esTHNOS® %irapaliss @@ngleybl@?"dgrdarre
sync" signal ;3" i re" .signal and "bl ock video" signal. The ™frane
sync" si gnal M %zllgegﬁc%ﬂt aentde‘%Locgeeo p]rsocaglssé? WhenR tt obdgioncd@dddi nhea new
frame. The "ReWPMitctalr ethisilgnal tindidatiased @ itdie rd-splay R1Legess (when to
begi n di spl a)sirg na Jiew fTrhgenPfun" I%I.ock. vi deo" is used to selectively suppress
one frane of "video i nage during  t+anyl t3forkh6t ARe bdeado 1¢edod@odyssem f rom
a normal franelendigadcdiced Hatane by furmive SYNGoand cReWnPL,GLure signals
are pul ses that, gre create ce every two field tines. In normal node, the
signals are 18geo&?pg%5%g}$ag)es,cﬂq%rtal:i\i'ff%scaﬂvier‘?g des@EPERs saccdiganed witlect hi s

i nvention) tReosiegnals are in phase. This is described further belowin
connection with the flowhart of Fig. 10. In all cases involving a switch
into scaled picture node, there is a repeated frane which is bl ocked from
view at the displ d&ne THD lleokd iRimecessamsvdde st @ hufibat egonfLi-GLs het ween
the current \A%gfx%rle Ghnd TR and, the reference frame that is currently being
di spl ayed. When video is bl ocked, £ 1 Wit giﬁtW&F“t h&ed¥deger aean0Be f or ced
to a backgrogF@rddicer ,ssuste .as Miiac kaveiheyd atselbc;\)éeadbgstarr%@righ?iggrfor med
as soon as the ister changes. There is an absence of a“frane
sync which all gm%/tsf%%ﬁgjnctlrj?a%é%}a dﬁagepqoarl%‘$w £y pé’dchedinedat sangpeat. The
sync gener at &etieem &djarst sl t h& He ame sitc its0 caaeun aitBgphase with the new
pi cture, causing the |atency

(video x a) + (0OSD «x (L - a)).
[ ]

Additionally, most implementations provide for the 0SD
graphics area to be composed of one or more regions

(rectangles), with the alpha coefficient individually



j i frame, the
' 7 D E C 2003 34 adjustnment. During the repeated reference ,
'V?déd is bl ocked for oLe frame tine. Fig. 10 is a flowchart of one Wih
enbodi ment of processing inplenmented by sync generator 900 (Fig. 9), ) f
initiation 1000, processing waits for a VSYNC si gnal Hg ODtﬁgr sentative o
the start of a new field. Upon receipt of the VSYNC silgha¥] dﬁHE}5|ng
generates a "new picture” sync signal agg inquires mheLher theiI:::df:Zld
bei ng repeat sd1basemhleN ARCRINGd ﬂ%@_(ﬁxr&t.ax b:!%%%g-"f-g %B-@’S 'én hage 1o 3: 2
counter (FC),val ue depends upon whether the 'fieldi to r 8péa ad :
pul | down i s BRpFOVSHaterviete tihe teinézlil\ﬁale@r)]off_trhiedbls@I dicaunber 523 1040
i | wi +AC I d. el d counter i _

VAl e of | 2r onee e T ol RBeREar Y Slear T Bt ERgvairpes anether
soling is to2BE ARpIPEREWCES 106D asd IBMTG, “vespectiyel viqhtaH0, then
t he~decode syghem/Na ddd MRASGALINg or normal video node. "I'n this case,

rocessing waits (or a next NC signal 1080 and then i nqui res whether the
Field count equals two 1090. If no, (e.g., because the field counter was
| oaded with a val @ ) the i eld counter is decremented 1110 and
processing waits ?or 2 next ASYitE C9§1§ﬁéﬁd1080¢ @ﬁé@rphﬁated!aGVopa&F_ ¥
equal s 2, thEatﬁnﬁn@p@Qddatib@ndbsh&i@@@e@abggag;QQtyaggegryﬁhcnggfanle t
count is decggpepted L11Q and.processing deterni nes whether tHe Tl coun
val ue now equal’s % %f?O. ﬁﬁtf e WWEEQe 98 GQPSSIFtEmoéégshngsgengeateSp?_ new
pi cture' sighak or2digfiten wa@bbn@i%@rpgaQE?%¥§¥ng%$§8£8€%g§pb?g9§c?olRgit

[ [ ocessi ng _proceeds _ | ( ( .
or a next VETREEM FroboRRER3603 255 Chesen tanEer- ARpERdEDepEBan; AD1bs MRde
whet her the tbetuecsmmhamquam$eéehtfg-thfﬂgbgggﬁﬁé;?hggﬁﬁﬁﬁ%géé f%?tyhe
ogcessing,returns to wait _ .

e e S IES SRR Rebath ke mspt v paver ot ek son
Video i gnal L3 ganerated 11600 Rearn. Fhe broskP¥Sed cfgfal oFoSeR: par o

[ [ | _j ner.at e . ,Again, t ( _
¥:gﬁ$tﬁgggin%é§8%§r558 UFS"ﬂHép&FgHFéyVéG?9u§Frﬁ@@riacbu@SE@_Ebgh @ﬁeffr
bl ocki ng of denemprkeaﬁe'dﬁgﬁkdgoviﬁgbegngeggéngnggﬁ?pégggdv%dggﬂslg¥g9,

rocessi ng~eg L8rs a s eady state, video scaling subprocess b Y ng
aaiting for § next Vé%ﬁeaéiéﬁthfT89Pt§PPeF0mhh@hl@tepess!@gggeégrakafﬁ
e e enebdecoubkney ake:d 100enkbafiy POOLERSLIO, WAL LES whother

i t uals 2 1 , and again , (
}?:|BIgLSnfgfﬁﬁﬁggagnﬁnFSPBFﬁ§S€8 ﬁﬁhﬂ-io?n@hégheqmawﬁéhKESlQﬁ@éeﬂﬁggh.
QO herw se, aWﬂéhet“bnahh@”gﬁﬁpgﬁéﬁl?$e5?%§%§§Pfﬁ%%@§?§C§$é” Hggg%ﬁg%?gigs
tur ff _by the host system 1 A . '
gce)\évr E’ﬁiﬂt ed ’gﬁgegrc‘féé’é?ﬁﬂ@teﬁ?t?f §rigthrst dVSYND. stlymahe 1480t 1112 ke e
scal i ng nDdethasibEegrawbachQQi@Bﬁ,dbb@aetg§sgéﬁ[d @f@f%g %5%9g$$e$%g e
at instructi 1110 in the non-scaling process descr el b
field count equals T RECPRGHrr§n2166, Vifen peotesise ny gsmema¢£§s@©ﬁ@Afh?n
o1 mpl BNt s seallng T I 6 necesanry o change the it Shoy Dt ebrothe
i t i i.t, s necessary to c ' _

égcggglgpggeggggn T?HédaPsﬁF§§ Plo¥Ess FPORYDAR @ndlemﬁdtﬁmEUmpgbp§s ;8
two franme tibtesefosibaf ehem@g @hﬁhﬁ_@@%?ﬁg%lgg%%?%%%é\é%%%%%%p@ﬁg2
frame sync sjgnal in phase. Processing .
r epeat ?ie|dé$%n§8%ef2fﬁ EondedPyeafrasher tdnyoafl tiesdiehurces may

provide a composite television or S-video signal to a

digital multi-standard decoder (DMSD) chip which then

digitizes the incoming video and sends the digitized video
to the integrated decode system for blending of video

signals and mixing of graphics.



17 D E C 2003 ' 36 counter with a value of 2 1230 or 3 | 220 dependi ng upon
*whet her normal interlacing or 3:2 pulldown is desired. This is necessary
even though an adjustnent in latency is nade in order to accomobdat e any

type of frame rate conversion. After setting the fi egdzﬁammrocessi ng
returns to wait for a next VSYNC signal 1180. The prés i on can be
i ncluded, for exanple, in an article of;ymnufacture (e. g., one or nore

conput er programpar QA4els b awRg. I nce, .comput er usabl e medi a.
Thi s medi a has enbodi ed ther%;flr}?pfa(groq{eds{szﬁf & C3dARFuRE: desediest &igddam

code neans VéAepr ddi @ilse @ lioysid iitratd g etffea realp @libloidtiines t0h A2 or esent

invention. Jher ant ¢l f facture can he included as part of the
conput er systerlf} or %ol%gr%é’ﬂgg%g@qﬁtuﬁfdim &t e Fidegads eredpcegr dinr

storage devPéePleadanl @ lepnvechiinma lt anginbipt cebedyinng iak Jreatle 108 Jr.QQr am

of instructi ec I y. .t he hing, .to_performthe capabilities of
t he present b?%égﬁ%i o?foqﬁlg%agémﬁr 5’\#3:3%?. & tello JedicapraRs edle piicesd hiaar ei n

are provi debepyp Wey cafi bexaripl &heTlayoey avan doe peaaicaldl Ql&&pregdti_l;lﬁse di agr ans
or the step%gggricggeiro tl ons)rf descri bed herein without departing fromthe

spirit of theinvention cFor GaTdthe® G&ievdeisan digpday she facepsmmy be

perforned i fiodi Girephrigsordeormert ise phamyhke vadded, jde |t%%n‘f3% ﬁ%rr irigd in{?itr%d -
i the prése

All of thesgn\a_%r;:ie%tti ns _are canside to conprise part o

red
i nvention as reci teg%i i ﬁ’éeéf’&ﬁ%de(ﬁ@ STRPhigs-Anfermas ionventyi be has been

described i Antetraielt Hevfeirfait oG C PR IERinGh gt Wkl A rRLEEEL Led .embodi ment s
t her eof , manﬁ.m)(gi fications and c%{inges t.hg?eign naylaéfgéf&fagéf’gdoﬁyanﬁ. 17
D E C 2003 fhdS8 8RN Sedq Fhtnéudic atheidssendesenttattiont.o Gheer. al | such

nodi fi cat i odswasdadlkangasieas dadl IbaMdiided Hg LLYE oSRi ki nd_scaope. of the
i nvention. gzré%%ordi ngly, it is intptended by e#9088! 1oba?i0n3c3R the

Because the mixing/blending of uncompressed video

described herein is performed as a last stage in the video

processing (see Fig. 2) all logic necessary to provide the
video decompression and on-screen display is free to
continue the video decompression, display refresh and video
downscaling. The mix/blend is proposed herein to be
performed between the OSD graphics and the decompressed
digital video or the uncompressed analog video. By
providing controls to the selection of the video source that
dynamically switch between the reduced picture decompressed
digital video and the uncompressed video source, a full
screen uncompressed video is presented in the background and

the reduced digital video is presented in the foreground.

Positioning of the foreground video can be moved under

software and user control to keep the reduced image from

blocking the significant sections of the full-screen video

image stream. OSD graphics can be blended with both images

to cover the entire viewing area. OSD graphics can be used



- 3s - 17 DEC 2003 CLAIMS: 1. A nethod for formng a nufti-screen display
‘for a non-picture-in-picture television system said nmethod conprising:
~receiving, froma first input source, and decoding a conpressed digital
vi deo signal to produce a deconpressed digital video gi ; i Vi ng,
froma second i nput source, an unconpressed video sigiéfﬂjgghﬁﬁgéging t he

deconpressed digital video signal and upgonpressed video signal to produce

a single nmuf tio- een 5 gy A Vs S I r | d evi sion systemusing a
wei ght ed aver,a gmgf pi xel | ar?ar%a%@c%lﬁé;n%é@acfeu&e?%&mdsdi"@%e@@rrpr essed

digital videgegﬁﬁﬁgr and sai d unconpressed video signal, thereby providing

said non-picture-in-picture television systemwth the capability to
display multiple pictures sinultaneously. 2. The nethod of claim1, further

conpri sing downsc&i g seaiapatedovigrieslsled igiival cwideq nSicgRal, PL % Lo .

mer gi ng t her aotlewoldi ngpisd g oprassed vi.deo si gnal,, sai d downsca

deconpressed _di gi t al n\??sglo Si g%tquﬁrr%eidsr?aﬁ:ged;tsgla a5%e GRePabiddsy whisai d

muf ti - screenaPs Ay Fhersd 260 fo aroMRRAGH2MVA desh ereisansai-d e mpr essed

vi deo si gnal predptiesed nad WeaRiEM %S 6t anal 00\ dea signal . 4.  The net hod

of claim 3, M%?LEE” sal d neggjng cong%%sesfswf%q%ﬁﬁgﬁgggﬁ@eﬁlgépddecoder

deconpressed. di gr tal” Vi deo SRFFatiehdads Fonpesapivesetdhanakeg vbdenighona

to create atlf¥adt ofofeatiudeo ititanps tfion @ksﬂh@ylgwegeigoggkgmiSion b m

said sw tchi pgper-eahingosalg imuhitis sereen display. 5. The ne 6d°8Ftchai m

1, further conprising blending on-sd&r et di %Blﬁge(EBE¥e§Péphécs Rheh at

| east one ofpggﬁﬁnﬁeéﬁﬁﬁﬂéé§@d&m&qumedgbéeuhsbgbglprgaggiggcgnpégfsed

vi deo si gnal moasdtsairdaidbt iknaceenr dspl sa| deconprégged
di gital videp

risin

ashgnal and said unconpressegxﬁﬁgg BFﬁﬁgF? by_agzpredefifge®EC
2003 6. The Nerhold’ ofUCPaffm %, afidr/crerdt donpokbi hhei hpkepentingasai d net hod
within at | easrtbnelobxdsdigital video set-top box (STB) or a digital video
di sc pl ayer.

Fig. 6 depicts one embodiment of a video decode system

in accordance with the principles of the Present invention

This video decode system includes external memory 653, which

in the emediment shown comprises SDRAM frame buffer
storage.

652.

Memory 653 interfaces with a memory control unit
Memory control unit 652 receives decoded video data

from a video decoder 654 and provides video data for display

through video display unit 690. 1In accordance with the

principles of the present invention, the video decode system

includes numerous features which implement a video scaling
mode capability.

For example, decimation unit 682 is modified to include

both a normal video decimation mode and a video scaling

mode. Frame buffers 653 are modified to accommodate storage

of decoded video data in either full-frame format or a
combination of full-frame format and scaled video format
Display mode switch logic 696 is provided within video

display unit 690 to facilitate seamless switching between



7. The nethod of claiml1, wherein said conpressed digital video signal is
‘receirved froma first video source, and said unconpressed video signal is
received froma second video source. 8. A nethod for i an anal og
video signal conprising: digitizing the anal og vi deojg?aﬁgfﬁzﬁa nput to a
digital video processing system blending within the digital video

processi ng systemthe digitized video siggnal with on-screen display (OSD)
graphi cs usmnm]\/\e}giﬁcedn@d/eerm StaPed ebided B, cl"pc vl gies. bet veen

said digiti éil sai d (?P}lg% hi cs;- and ementing said
met hod wi t hi n eas one ot gieat RO b"cb(e (SMB)ecly farame
digital vi déielfcﬁ@(“, B iegrs dwmbé@rmtth@m@aelj ;k)slx&jm&exbrdlrg_;; tdiZQ;derIﬁi%qne

I d f o] t . Th
Teihod of Clat B e B A o T 8 PR T g al

mufti -stand;H}Qﬂiq}ecoder and wherein said digi taI vi deo processing system
conpri ses an integrat ed digital video decode system 10. A system for
formng a nufti-screen display for a non-picture-in-picture television
system said syst@fidmMeRathy an MBge trewderides smmmth rngs aeebnpr essed

digital vi d&ﬂnﬁi\.ﬁ;‘lﬂmétﬁm 3c<51'1t£:5<§l VRAEE 693rLe Atk Prissi Ng, L her Jd{om a
decorrpresseﬂ: %bt al_video SI an nput for receiving |nto ShiF 5 deo
it

decoder  HERY R Heb € %n%‘FC‘P‘?%ﬁ] %S%ecd?ﬂfqﬁ%(ﬁ%mr@elum a 17 D
E C 2' 003 4lestamach \deetecmd@hecmim b@vegsed@mm;zeq rgerge S degpressed

digital vid n VI d i gnal t roduce a '
nuf ti -screeg&) @ ‘?{? o é;g?gé el ev iéjos s‘&e’rﬁkﬁ Wgc%l%lagﬂwt ed
aver age of ;ﬂe&qr; fab@‘f%h¥@n@0m$GESOIbevmmkmnchdmwﬂmﬁie&ed>ﬂlﬁ§ al

vi deo S|gnal an nconm resged vi deo S|g%$ , thereby providing said
non- pi ct ur e-1 n- et e TAF BVPEP SRS EDEL BAD vPTFF I3RS ddpabiidey asafisspl ay

mul tiple pi Greesssi b ] angosstyraddce THESYSLE M Lf 19: Mberein said
vi deo decodeqi S further adapt ed rto C%Wnsca | e s?%nd&icﬁn%%resse i gital

vi deo si gnalPrTort tJonYr%l?B’r  theFebyeqi 2 hssenall itohpr dvsed system si gnal |
sai d domscaﬂemm:ompheshedtdﬂ@siﬁésstgn@blt@&mﬂélxﬂﬂi@é d£a51,,pne screen
of said rnu(}g éleenfgi,sgj(% 12 (')I'he yst . claim 11 V\/ner in said
unconpr esse eo si gnal I¥6el 5tﬁa n&b ‘?e Bhaly s sTighee

and wherein %Jaﬂéil%)yst e"ﬁhiﬁr ‘@h@nabonpr refermediigh tial Mt ie siandarkbslecoder

for digitizin ai unc ressed anal og.vi deo 5| nal rior to i nput thereof
to salg Vi deo&?jtzcog% “BoPnaE gangel glgnaf 9 reSEPOnse to hospt

format changes, control signals are sent from internal
processor 670 to Huffman decoder 672, Inverse Quantizer.674,
Motion Compensation 678, as well as to upsample logic 694,
display fetch unit 692 and display mode switch logic 696
within video display 690. Again, these control signals
direct the video decode system in accordance with the
principles of the present invention (and as described below)
to switch the display output between, for example, normal

video mode and scaled video mode.

Full size macroblocks of decoded video data are
sequentially output from video decoder 654 to decimation
unit 682 where, in one embodiment, the full size macroblocks
undergo one of two types of compression. First, if full

size video is desired, then decimation of the B-coded



13. The system of claim 12, wherein. said video decoder is further adapted
‘to switch between said deconpressed digital video signal and said
unconpressed anal og video signal to create at | east sone video frames for
di splay by said tel evision systemin picture-in-pict r} BE@QUPQM The
system of claim 10, wherein said video decoder is further adapted to bl end
on-screen display (OSD) graphics wwth s d nufti-screen display signal
prior to prepdaitaties drilisaidl ¥rad 81 pgi%@r,q 5. .The.system of claim
10, wherein said system co ri%es one %? a digta viIdlegh&?t npgpagox idseB)
or a digital Viddo i s’é“a%ﬁ{% B & arocess Risyedaming ther mbYnd of data
muf ti - screenbyi dplitayraiata mprompipidtyidy Ridiihed &8s Q0 §§ tem said
syst em conpr i $-R_g- far_r-eceiving, froma first 1nput so e; and
decoding a C(:)erp;ég?ge%' gl giptqéielvivcf’ééles‘i gt P RS de8e reddsesnphessedber
digital vide®ispgaals, anditherefdre Qe202xmeansll Membeeeiiyl Py, i Lom @
second i nput j$OWHEE ov@Y-4NC &sced j deq si gnal - and means for “nergrng
t he deconpressed digital vi‘gﬁ%r Si g'nalﬂliand 5556 F‘@§§edd\?Fdé‘ét§P§nanito
produce a si A§Fe PRFHALNS RS uies floal igigyrial alcoordandet eliew shan system
using a vei gbtetcdyalery e fOft HilX 8lnvdig Gd vl ues between said
decorrpressedogi %i tzLI. vi deo .si gnal and sai'd %ﬁ’(r:g%gr ggs&’fa{}lpggo §Pgnkype
t hereby provPdi FFoARE FERIYEL MY Fesiuseutdet eveviadilosisysbenthit h t he
capability tdigpdplyapimathtieplis pi Eadtes 9ml baNgous! v 17, A ¥st emfo
processing ap,angl.0g -\@acie%xsii nal conprising: a digital video % bresska
system a digital nufti-standard decoder for digitizing the anal og video
signal for input to said digital video processing system said djgital
vi deo processing ayghgmAgim ed t | end the digitized video signal
with on-scr ee% gll spl.ay. (O8D) %gr apghl lglgl Tdc%rcqénﬁttﬁﬁfl 4815 hBényébhvadebreagnal
using a wei ghtede5PeEEy &l sived magmebdodkehr sidevakeesdbet WeeH Sahds =
digitized vi deotdiognalongacth=3ai &0 G 3ARIES: grei.n said system
conpri ses at ¢hgast, Qe qf..a djgital vi deoc,:setc-oﬁlg%e 0X 856n3T' on "1 ine
’ C ets deCimation unit 682 know when a macroblock
has been completely decoded. Similarly, decimation unit €82

provides a "decimator busy" signal on line 685 to motion
compensation unit 678 of video decoder 654.
busy

This "decimator
" signal informs the motion compensation unit when the

decimation unit is busy and when the unit has completed its
operations, after which the motion compensation unit can
proceed to the next macroblock.

Motion compensation unit 678 of video decoder 654
provides read video addresses directly to memory control
unit 652, and write video addresses to decimation unit 682

for writing of decoded video data (full size) and/or scaled

In parallel with the
read video address and write video address,

macroblocks to external memory 653,
pointers are
provided by frame buffer pointer control 68¢ to the memory
control unit. These pointers define which frame buffer
areas within SDRAM 653 are to be accessed by a given read

video address or write video address in accordance with the



(STB) or a digital video disc (DVD) player, and said digital video
‘processing systemis adapted to format said bl ended digitized video signal
and OSD graphics for display by an anal og tel evision system 18. The system

of claim 17, wherein said digital video processing s ises a video
decoder, said video decoder being adapted to perfor n!?a;qJEg)gqgang of said
digitized video signal with said OSD graphics. 19. A systemfor processing
an anal og Vi de&rtsigimmin@srmf sting: fmesbﬁﬂfeﬂitﬁé:ﬁdlz*ﬂf@p %[% I’%E% g vi deo

signal for i [gfe]e i yste
means for bl ending w@?ﬁ# a%.‘g @eﬁ ’b&éﬁ-‘é )syst'ﬁmstmep@li:gtérged

vi deo signal 3%e hr%fmegm@etpduspﬁ'iag (6)553 QBN C d‘ﬁhf&:ga @average
of pixel lu chroma val ues between said digitized video S|gna and

said OSD graphits: RAthEansWith ?W%‘h’én@‘?ﬁ@tﬁsﬁl@m@mwd ol ded €St
one of a di gia afull debzs aehadogbboxk ( R Olrfedl %nﬁdﬁ \S’Eﬁ disc bl a e,
eo

and neans forg f aid_ bl ed d| itized vi hal anfd ng
graphi cs for i s%%é%gg%% n%?%%&e‘f‘%?? rkystem 20. An article of

manuf acture conprising: a conputer program product conprising conputer

usabl e medi um havqggcf,ggtpﬂ% dabl e_pr ode  neans_therein for
formng a nultiscreen di sp uée@ %génong %f N5 -945%29a% fwdllewdisioon

system said “&frﬁﬂ}? kpckea fe81p$ o‘g!n%lmzu;mnenate:ans nrftéx&ia(ilqprm}& gfe program
product conprdcHIihg mode is activated, performs scaling as described

below. 1In a normal mode, decimation unit 682 outputs

decoded v1deo data full-size macroblocks to memory cohtrol

unit 652 for storage in frame buffers 653. When in scaling

mode, decimation unit 682 scales the full-size macroblocks
and outputs scaled macroblocks to memory control unit 652
for storage in frame buffers 653,

Frame buffer pointer control 686 is significant and

controls rotation of the frame buffers, i.e., frame buffer

assignments, when in normal video mode and video scaling
mode in accordance with the principles of the present

invention (described further below) .

As described in the above—incorporated.applications,
decimation unit 682 also functions as part of video display
unit 690 when retrieving data for display. Specifically,
decoded video data comprising full-size scan lines is

retrieved from frame buffer storage 653 and fed through
decimation unit 682 for B-frame re-expansion of pictures.

This is done so that consistency is maintained for the video

within a group of pictures, and thus reduced resolution of

any one picture is not perceptible. After re-expansion, the

full-size scan lines are provided to display output
interface 698.



" comput er readabl e program code neans for causing a conputer to effect
*decodi ng a conpressed digital video signal, received froma first input
source, to produce a deconpressed digital video signal; conputer readable
program code nmeans for causing a conputer to effect receiving, froma

second i nput source, an unconpressed video signal; arrli F%gmm)eadabl e
program code neans for causing a conput ﬁ% to effect nergi t
o]

deconpressed digital video signal and u npressed video signal to produce
a multi-screen display signal for said television systemusing a weighted
average of pixel & Rl e vewhen ubs bidew escskin des@apr 855684l gi t al
vi deo si gnalviadgb sebbrs r Vd i |, thereb ovi ding said
nonpi ct ure-i.n-pjict urlgbt elg\%sﬁ?%s%%ﬁ?y\ﬁ%?hies c%%%’ﬁ’r%/‘f‘%/ %IBO'Hi 19\

nul tiple pi c‘?‘tf% T SF e 29n et §0d 2hed pizret by ecofsemm U fne uv sd@snpri si ng:
., - 43 - 1buffess 2008. a Tioamsdal LGS m@rme&%@éwé&g%&ﬁ’f{?”t &
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video signal; conputer readable progr *C P XE conput er
to effect blILFRLE HRrelipees et vitwo &igpldy vidtronusty esap digplay (OSD)

graphi cs farcguespidedd olet O de! BYHSian syst usin wei ght ed aver age
of pixel lu C?ﬁa.nd chr oma_ val uesé befa{v\i@én&;lar?% d&fef;tl;fpzse%mi’a/]r]cfé%' styndl wd
said OSD gran% % ; "RFIR b AN chkfpier predptetiaode neans for causing a

conputer to effect formatting said blended digitized video signal and OSD
graphics for di sphay Py al 0g, te%?evi si on, system wherein said conputer
pr ogr am pr oduct isP%/%r %?P?tgé;%tu e z-aplﬁ‘?vg’i‘f%? St adividiy RId(ST8) or
a digital vife meeieralerf soaf. YW@ Mrom frame buffer storage 653.
A '"current pointer, current small pointer" synchronization
(sync) signal for display is received by memory control unit
652 from display mode switch logic 696 of video display unit
690. As noted above, the current pointer, current small
pointer signal points to the particular frame buffer area

from which scan lines are to be retrieved, while the read

video address signal designéteé the particular scan lines to
be retrieved within that frame buffer area.

Display mode switch logic 696 is provided in accordance
with the principles of the present invention in order to

ensure seamless switching between, for example, scaled video

mode and normal video mode. Logic 696 receives as input a

control ‘signal from internal processor 670 of video decoder
654, as well as a vertical synchronization (VSYNC) signal
(from display output interface 698) and a B picture "MPEG-2
repeat field" signal from Huffman decoder 672 of video
decoder 654. VSYNC is an external synchronization sigral
that indicates the start of a new display field. Output

from display mode switch logic 696, in addition to the
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current pointer, current small pointer sync for the display,

is a "display format sync for display" signal fed to display
fetch unit 692, as well as a "display format sync for
decode" signal fed to the decode logic of decimation unit
682. Display mode switch logic 696 also outputs a "block
video" signal to display output intérface 698 which is.
employed, in accordance with the principles of the present
invention, to block one display frame to keep noise from the

display when switching between display modes. Video data is

received at the display output interface from upsample logic
694. The decimation unit, frame buffer partitioning, frame
buffer pointer control and display mode switch logic,- all
implemented in accordance with the principles of this

.invention, are described in greater detail below with
reference to Figs. 6a-10.

First, the frame buffers. .The frame buffers are used
to store the constructed pictures for display, as well as

for prediction of subsequent pictures. Since a B picture is
not used’for prediction, itg frame buffer is available for
use after the picture has been displayed. For I or P
pictures, the frame buffer needs to be held after display,

particularly for predicting B pictures.

Fig. 6a depicts frame buffer 700 allocation for both

normal video mode and scaled video mode in accordance with
the principles of this invention. 1In normal mode, there are
three frame buffers to support the decoding and display
processes. Frame buffer 0 and frame buffer 1 are allocated
for I and P pictures, while frame buffer 2 is assigned to B
pictures. The frame buffers are tagged by buffer pointers,

i.e., the current pointers from frame buffer pointer control
686 of Fig. 6.



A S.AYN@ . AL AF L AIS L AYS5. Al @5. AHr. Al 3. AL ALHE. A[ 9. An& Ky7> 9% <

*| wmhc] W] c(aU] ca] ca] ca] ca] ca]ca]ca U cra U cra
U]cAa]ca]ca]ca]ca]ca]ca]ca]ca]c(a]cLa]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a
>?JKQ ! |vwnhcAYU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ggb ] ca] ca] ca] ca] ca
]c(a] ca] ca] ca] ca] ca]ca] ca] ca]ca]c”a]ca]lcalc(a!C)+-8 @][ECE d

| wmhc”YU] | ca] ca] ca] ca] ca] ca] ca] ca] ca] cad ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]c(al] c(atga c c

el}!!}!!}!g }H+L Lﬁ#%ﬁgLﬁiég b 9%8%%$ﬁ§§%@6 b1 F6R6F chi¥g) Eravpchpéspes) ca)
a]cAa]ca]caFE&Td?WE%?XQQ}caféé?éa?éﬁﬁéa]@a?né]ﬁa@ma]baﬁﬁekca]aghga]ca]ca]ca
] cal 490000N0RSEofnSISEERER L T( € 66 (€ Yahh" BTH ***% ?hcAfh%ca} i%%% ca ca
o2l cal cal calgal e(atho(al o ealoal el galeal pal Bl ¥ cal ) cal ca

]ca]calcalc eled frame buffer 2, frame
e buffer 4 4nQ0HOMIAOSATHEO06~ yﬁOtﬁe[é&gﬁﬁﬁéli %&ﬁlcgk§akca ]Ca

| cal calcal cobe el shaslealesleateal eal ol cal cpl clal el Cel cfal o e ca
ca]ca]ca]carﬁﬁq%nqba]cﬁhea@camahlchmfﬁkséaiﬁ@]m@iﬁﬁ&cabéalEéfcélﬁﬁlgﬁlca]ca

88/ 010VONDO0Q: -~ & - -
inLging-r3é%§%¥?%g?8ﬁTX] ca %%?%%]Xé ca]%%?%a]CETEaPngEEFCQ¥@aF@a}éa]ca]

C(a]C(aLuC(diﬂ%ea&%a$€g$§a}@afgg]@b?cu}da¢ca¢ahing$ca]Whén =&ecoding an I
>q>r >>>>>' 2" WP @ @@ nstructed re is. st

AAAAAA B &7 cartq) eafbhs
rnneB0) wihec ]| ool cal eal oal E5] ¢2aT Bl Eafte) ¢8) ESPEafoirta eafbarcal o

FTFF?EVTFFTGKKIKK%W&&M&Htﬂmsnld zb&lk?aheaic&g}gg&ga&ga%ﬁé}gg+§ﬁé§§}c? fggﬁ
a] ca] ca] ca C al cal cal ca calca]ca

KKKKKI\/LI\/TI\/QC'?zl ﬁf%ﬁl ﬁngééxéipéﬁ %fi%ff%%fk a]éa?ca]éﬁ?@ﬁ]cg]ca]ca
]ca]ca]ca]cgggg%%é]%a]Ea?ma]baféa¥ca]oa]fa@me]h@iﬁeica]catﬁg]g@lgagggécalpS
SSpTATTTTTTRRALMULL yﬁé/ﬂvuy@a{o ii al ¢al cal cal ca
]ca]ca]ca]c$¥ cal ca ca]ca | ca] cajca a ca}%a ] éf%%]ca]ca]
ca] ca! 9XXX] ﬁ%% % @a%lAﬁKamenhu fer% ESSPNNE TN Eozucképl&W]ﬁa]gﬁkca]c
a]ca]ca]ca]cai@hé@aacabcpleahgélcaLﬂca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(aU]c(aU
] ca] ca] ca] ca] ca] ca! ¢’ a"a*a+aWaXaaaaaaa3b4b<b>bbbbbbbbbbccccaebegg| w mhc”Y] ]
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&al]
c&a] ca] ca] ca] ca] c& @afca@eabggghhhhhhelcoﬁkfgﬁké&{B&khkbfbgg@gbggkgh nozo} o
| wrmgal W | c*2d of abd £3akk 63l 52l Eﬂtcé}ﬁé}tcé § %Ca cal calcalggl calgal cal cal

Ca]Ca]Ca]Ca]%%icaégalg(géglgned

o eac frame buffer, and these memory
base addresses are selected by the buffer pointers generated
by frame buffer pointer control. The read and write video
addresses refer to specific addresses within a selected
frame buffer. Unless otherwise indicated, the term "frame
buffer" is used herein below as inclusive of all frame
buffer memory configured during initialization. "Frame
buffer area" refers to one of the specific frame buffers
depicted in Fig. 6a.

The video display operates in real time, and therefore,
frame buffer pointers must be switched according to the
VSYNC timing. Since decoding is always ahead of the

display, a frame buffer must be made available to store the



Mz id*Y]]]c(aU] ca]ca] ca]ca]ca] calca]ca]calc
-\é}/\ég\émg yaﬂmtg] cg} LL% )éZ]nca] Zla] ca] ca] ca] ca] ca] ca] ca] ca] ca! | K[ @E;/
>LOS69DA} xsni cYni d”Y] ] ] ca] c( aU% c(ia] cia] E:Z]U]cg]( gaU]] ga?]cc?] calcalca]c(alc(a]c
n * * ajcalcalc
]rtC! Z}Zg\ﬂ:((:?llg?]gg?])qc] ?::J]a]ccg} gg} ga] ca] c(a] ca] ca] ca] ca] c!]?cggg ?ﬁg?ca] ca) cal ca
]ca] ca]c*alU] c*a] ca] ca] ca] c(aU] c(a] ca] ca]2(5a] cal] ca] ca! (yqy

MAy| " UCFT/ 0| deabetey Idilaadecal el £54€ al ]6%] a]bclgééal] CaJ c*all c*a] ca] ca

a] inters must

] ca] ca] ca] c( 31:] %«:ééfﬂﬁ cal ¢(a] ca] ca] ca < ] cal cal cal o
| gb El‘ﬂl &) f@ai T2 o et ¢ &ajeck] &ﬁ']ec
ZEJ]Vga]gc!a])qc!a} daptaptaines do]uia] Cdia] @] Badme WYY / 3; >?,1] @A‘]ejcca] cal ca

|calceallc- ahotahen] salaaley) Sleq] 8 AP e ol o el
Ca]QJ q} xsni d_ZRTE] é(sa]%%l]td@] mwa}ma’l@a}ﬁadalﬂi @ﬁ]&.ﬁ.‘ﬂl@a]déﬂ&ﬂ calgp] ca] cal ca]
Ca]gjcg?!(gﬁ} gahgit&c a] ca] egf%girﬁféca] ca] caﬁ caﬁ%Eag]gceﬂ (f"a:] é'a]ad%l]t@é]eoa] cal ca] ca]

ca] c&a] ca] ca calida hea|wegd arhiik, @ W8 splay P&y )i @e
L10% U& () -!¥8%ch is the beglnnlng of picture display.

One embodiment
of normal mode buffer pointer rotation is described below.

The following assumes four buffer pointers, with each
pointer containing two bits to indicate which one ofs the

three frame buffers (buffer 0, 1 and 2) is being accessed.

current pointer - indicates the frame buffer to be
used for the constructing picture;

display pointer - indicates the frame buffer to be
used for the display;

future pointer - indicates the frame buffer to be
used for the backward prediction; and

past pointer - indicates the frame buffer to be
used for the forward prediction.

At startup, the future pointer is initialized to vwiw
and the other pointers are set to ngn.

an I or P picture decode,

At the beginning of
the value from the past pointer is
loaded into the current pointer and the value from the
future pointer is loaded into the display pointer. The
values in the future pointer and the past pointer are
swapped. If the decoding picture is a B picture,

the
current pointer and the display pointer are set to w2
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in one example, for the B
pictures. The future pointer and past pointer remain
unchanged.

Frame buffer 2 is reserved,

Pointer switching in normal mode is described in
greater detail in United States patent number 5,668,599 by

Cheney et al., entitled "Memory Management For An MPEG-2

Compliant Decoder," the entirety of which is hereby
incorporated herein by reference.

In scaled video mode, the display time of a picture is
delayed by an additional field time in accordance with the
present invention. The purpose of this delay is to decouple
the decode and the display processes so that the decoded

scaled video can be placed anywhere on the screen. Fig. 7a

depicts one example of the delayed display timing in scaled

video mode. This display timing is adjusted dynamically

according to the mode, i.e., whether normal mode or scaled
video mode. The one field time delay is needed in

accordance with this invention to properly manage the

buffers. At least five buffers are again assumed in the

video scaiing mode. As desqribed above, two of these five
buffers comprise full-size frame buffers, and are labeled

frame buffer 0 and frame buffer 1 in Fig. 6a. These full-

size frame buffers are the same as the corresponding buffers

used in normal video mode. The at least three small frame

buffers, i.e., frame buffer 2, frame buffer 4 and frame

buffer 6, are allocated in the same memory space occupied by

frame buffer 2 used in the normal video mode. These three

small frame buffers are controlled by a different algorithm
than described above.

Specifically, four additional pointers are used in

scaled video mode. These pointers are:
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small current pointer - indicates a small buffer
for the decimated constructing picture;

small display pointer - indicates a small buffer
for the display;

small future pointer - indicates the small buffer
for the future display; and

small transition pointer - indicates the small
buffer for the transition.
When the decoder is initialized, the small current

pointer, small display pointer, small future pointer and

small transition pointer are set to 0, 2, 4 and &,

At the start of each picture decoding, the
small current pointer is loaded from the small transition

respectively.

pointer and the small transition pointer is loaded from the

small display pointer. TIf the decoding picture is a B

picture, -then the small display pointer is loaded from the

small transition pointer and the small future pointer

remains unchanged. If the decoding picture is an I or P

picture, the small display pointer is loaded from the small -
future pointer and the small future pointer is loaded from
the small transition pointer. One example of small frame

buffer switching in accordance with the present invention is
depicted in Fig. 7b.

The full-size frame buffers, frame buffer 0 and frame

buffer 1, are switching as if the decoder is running in

normal mode. These two buffers are needed for prediction,

but are not for display in scaled video mode. When an I or

P picture is being decoded, the picture is stored in both

buffers indicated by the current (full frame) pointer and
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'During a B picture decoding,
frame buffer 2 indicated by the current

will not be used.

the small current pointer.

(full frame) pointer
Only the small frame buffer identified by
the small current pointer is used for the decimated picture.

In normal mode, the display pointer is used for display,

while in scaled video mode, the small display pointer is

used. The two buffer switching algorithms operate
simultaneously at the beginning of each picture decoding.

The buffer pointers are simply selected depending upon which
mode the decoder is in.

Next, Fig. 8 depicts one embodiment of a decimat i'on

unit 682 (Fig. 6) employed in accordance with the present

invention.

In previous implementations of the decode decimation
unit, e.g., the decimation unit was limited to operating on
B pictures only, for either letterbox or memory reduction
purposes. In a scaled video mode as presented herein,
however, the decode decimation.unit processes all picture
types. This is desirable in order to save memory bandwidth
at display time, since (in one embodiment) scaled pictures

and multi-plane, high resolution OSD graphics may be mixed
at the output.

In the embodiment of Fig. 8, the decimation unit

includes decimation logic 800, which receives the decoded
video data from the video decoder and outputs

data flow to a decimation buffer 8§20. Output

a decimated

from
decimation buffer 820 is multiplexed 830 with the

undecimated, decoded video data received from the video

decoder such that multiplexer 830 outputs the decoded video

data, as well as the scaled macroblocks for storage in
buffers 0, 1

frame
» 2, 4 and 6 as described above when in scaled
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write controls 840 within the decimation unit

writing of data from decimation buffer 820,

+ which control
The write video
addresses, either with or without decimation scaling, are

also output through a multiplexer 850 to the memory control
unit (see Fig. 6).

Multiplexers 830 & 850 are controlled by decimate

control signals 810. The decimate control logic receives as

input a signal called "MCU_block complete" from the motion
compensation unit of the video decoder. This signal’ ’

indicates when the decimator can begin to write the scaled
macroblock. The decimator informs the motion compensation

unit that it is currently busy through a signal labeled
"decimator busy".

For a given macroblock, there are two phases. One

phase is for the luminance, and the other phase is for
chrominance. Each phase requires a write of one full-sized
macroblock and one scaled macroblock, again,
video mode. .

assuming scaled

Various specific changes to the decimation
hardware/process described previously are intended herein.
One change in the data flow of the decimation process is the
addition (in one example) of a 4 to 1 horizontal reduction,
which is implemented in the horizontal decimate function of

the decimation logic. This is to support 1/16 size scaling.

Another change is to increase the decimation buffer

size to 32 x 32 bits. As I and P pictures are processed,

the full-sized macroblock is written to memory, while the

decimator scales down the wmacroblock at the same time and
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stores a small macroblock in the decimation buffer 820.
After the full-sized macroblock is written to memory, the
decimator writes the scaled macroblock to another buffer
location within memory (i.e., frame buffer 2,
or.frame buffer 6 in the example above) .

frame buffer 4
The larger
decimation buffer allows for the storing of the small
macroblock.

The decimate state machine logic is also changed to

allow two modes of operation, i.e., again assuming a scaled

The first mode is B picture processing and the
second mode is reference picture processing.

video mode.

For B picture
processing, only the small macroblocks are written to memory

through decimation buffer 820. The data is paced through

the decimation unit as fast as the motion compensation unit
can deliver it, since the decimation buffer can heold a

complete scaled macroblock. For reference picture

operations, the full-size macroblocks are written to memory

first through multiplexer 830, followed by the writing of
the scaled macroblocks. This requires the data flow to be

paced by the memory control unit responding to requests for
writing.

Since the size of the source compressed image may vary,

there are exceptions to the above process. The decimator is

only required if some type.of reduction is needed to form a

scaled picture. Certain video sources will already be small

in size, and one dimension, or both dimensions may not

require scaling. For example, it is common to have 352 X

240 sized images (typical MPEG-1 size). In this case, it

would be unnecessary to do any decimation to provide a 1/4

scaling. For reference frames, the motion compensation unit

is required to write the full-sized macroblock to the

reference frame buffer in memory, and then to the display
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frame buffer in memory, since the display process is only

operating on the display frame buffer during scaling.

For the same image size to be reduced to 1/16 scaling,
there would need to be a decimation step. Once again, there

is an exception in this case.

One of the objects of the scaling feature is to remove

interlacing artifacts. On true MPEG-1 images, there is no

interlacing since the pictures are exclusively frame
encoded. MPEG-2 can allow interlaced pictures of the same
resolution (352 x 240) and the decimator only uses the top

field picture to create the scaled macroblock. The bottom

field is discarded. Therefore, for a reference picture, the

MCU would be required to write the macroblock for the top
field picture to both the reference frame buffer and display
buffer. For B pictures, the MCU would only need to write

the top field picture into the display frame buffer.

The video decode system in accordance with the present
invention provides smooth tfaﬁsitions when entering and
exiting small picture mode. Since frame buffer 2 is used
for capture and display of small picture images (including

reference and B pictures) when in video scaling mode, care

must be taken to prevent interference betweer the decode and
display processes at the time of display format switching.
Also, there is a latency adjustment of one field time “hat

must take place during tr= transition.

Normal cisplay modes
have a 1.5 frame latency between decoding and displaying

reference pictures, and a 0.

n

frame latency Zor B pictures.

In small picture mcde, tre reierence frame lztency is
i Y

changes to two framzs anz th

B2 frame latency is charnczd to

(M

one frame.



10GG 10GG Y! 10%6G& () - ! L9! L0UGGY () - 10%G& () - Z10%E: () -s 10
V10[[[[ _a"a~\=aSE710 10 1F109%& ()-!( 10%& ()B 5)!718%& ()-

L1 10%&' ()-' 10%&. ()-Y!, 10%c& ()-t"aZaaaaaaaba?

101 [y ! {bore: ()- Y1098 () - 109%& ()-° 10 10 102L10%& @) DFTC 2003 o

s* 2L10%&: () - bhhhhhhhr P2710 10!]y* 110! ! 10% u_& () - 3F10% ()-2!Y, 109%& () -

10ZZ 10ZZ 10ZZ!f Y! 1092ZZ& () - S& kf kgohoP®j ol ozor P}l?YlO"/&' ()-m, 10%cé& ()-

1010 1011 10% Ord®diid )ai fp1dpokobhae ommd Y4 as)

10! @! 109%& ()| @ 10% () - f%’looe&; ()-171 10%% %&ltcg%g}ﬁ: (§eaUPgsky, the

isp

ay mu not be in’ the process of displaying a B picture
when the transition occurs, otherwise the picture will

appear disturbed. Therefore, transition must take place

when a reference picture is being displayed. This is forced
to happen by the microcode during a sequence header, when
the first frame of the new sequence is a reference frame,

and the display is acting on the last frame of a previous
sequence.

During the transition into and out of small picture
mode, the hardware must make the adjustment in latency
without disturbing the decode or display process. Frame
sync must be adjusted to the new mode. Further, field
parity must be maintained. As a result of making the
adjustment into small picture mode, a delay of one frame
time is introduced, which may effect PTS comparison.

Subsequently, a skipped frame may be required in order to
make up the time difference.

This only occurs when entering
small picture mode.

When leaving small picture mode, there
is no loss of synchronization. The transition could also

come at a time when a picture is already being skipped or
repeated.

Referring to Fig. 9, the display format change signal

is written asynchronously by the host. The format is
received as a control signal into a display format register
910, and microcode waits until processing the sequence
header before writing the information into display format
register 910. This information is then seen by sync
generator 900, as well as register stages 930, 940 and 960.
Register stage 1 930 captures the information at the next
frame sync. Decode processes use the stage 1 register 930,

and the display processes use the stage 3 register 960.
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repeats. Counter 920 is loaded by sync generator 900 via a

control signal as shown. Sync generator 900 also receives

the VSYNC signal, as well as the output of stage 1 register

930. Sync generator 900 Creates three signals, namely, a
"frame sync" signal, a "new picture" signal and a "block
video" signal. The "frame sync" signal indicates to the
decode process when to begin decoding a new frame. The "new
picture" signal indicates to the display process when to
begin displaying a new frame. "Block video" is used to
selectively suppress one frame of video image during' *

transition of the video decode system from a normal frame to

a scaled frame. The frame sync and new picture signals are

pulses that are created once every two field times. 1In

normal mode, the signals are 180° out of phase, but in

scaling mode (in accordance with this invention) the signals

are in phase. This is described further below in connection
with the flowchart of Fig. 10.

In all cases involving a switch into scaled picture
mode, there is a repeated frame which is blocked from view
at the display. The block is necessary due to buffer
conflicts between the current reference frame and the
reference frame that is currently being displayed. When

video is blocked, the output of the decoder can be forced to
a background color, such as black.

The latency adjustment is performed as soon as the
stage 1 register changes. There is an absence of a frame
sync which allows the current display frame to be scheduled
Lo repeat. The sync generator then adjusts the frame sync

Lo occur in phase with the new picture, causing the latency
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adjustment. During the repeated reference frame,

the video
is blocked for one frame time.

Fig. 10 is a flowchart of one embodiment of brocessing

Adimplemented by sync generator 900 (Fig. 9).

With initiation 1000, processing waits for a vsync
signal 1010 teépresentative of the start of a new field.
Upon receipt of the VSYNC signal, processing generates a

"new picture" sync signal and inquires whether the field is
being repeated based on received MPEG-2 syntax 1030,13The

initial field counter (Fq) value depends upon whether the

field is to be repeated. If 3:2 pulldown is employed then

the initial value of the field counter is' 3 1040,

normal interlace is desired and the field counter
with a value of 2.

otherwise

is loaded

Once the field counter is set, processing inguires

whether scaling is to be implemented 1050 and 1070,
respectively. 1If no, then the decode System is in non-

scaling or normal video mode. 1In this case, processing

waits for a next VSYNC signal 1080 and then i

nquires whether
the field count equals two 1090. Tf no,

(e.g., because the

field counter was loaded with a value 3), the field counter

is decremented 1110 and processing waits for a next VSYNC

signal 1080. Once the field count equals 2, the "frame

sync" signal is generated 1100, after which the field count

is decremented 1110 and brocessing determines whether the

field count value now equals 1 1120. If the value equals 1,
pProcessing generates a '"new picture" signal 1120 after

waiting for a new VSYNC 1010.

Assuning scaling mode is desired, then processing

proceeds from inquiry 1050 or 1070 to wait for a next VSYNC
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decremented and processing returns to wait for a next VSYNC
1130. If the field count value is 1, then a new picture
sync signal is generated 1150. Thereafter, the field
counter is loaded with a value of 2 and the block video
signal is generated 1160. Again, the block video signal is
output from the sync generator to the display output
interface (see Fig. 6) for blocking of a next frame of

video.

After sending the block video signal, processinbaenters
a steady state, video scaling subprocess beginning by
waiting for a next VSYNC signal 1180, after which processing
determines whether the field count equals 1 1190. If no,
processing inquires whether the field count equals 2 1240,
and again if no, processing decrements the field counter
1260 and returns to wait for the next VSYNC signal 1180.
Otherwise, a determination is made as to whether the scaling
command has now been turned.off by the host system 1250. If

no, the field counter is decremented and processing waits

for a next VSYNC signal 1180. If the scaling mode has been

switched off, then the field counter is decremented at

instruction 1110 in the non-scaling process described above.
If the field count equals 1 at inquiry 1190, then

processing generates both the '"new picture" signal and the

“frame sync" signal in the same phase. Again, to implement

scaling it is necessary to change the latency between the
decode process and the display process from one and a half
frame times to two frame times for reference pictures,
making the new picture signal and frame sync signal in
phase. Processing then determines whether the MPEG-?2 repeat

field is set 1210 to decide whether to load the field
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counter with a value of 2 1230 or 3 1220 depending upon

whether normal interlacing or 3:2 pulldown is desired. This
is necessary even though an adjustment in latency is made in
order to accommodate any type of frame rate conversion.

After setting the field counter, processing returns to wait
for a next VSYNC signal 1180.

The present invention can be included, for example,

in
an article of manufacture (e.g., one or more computer
program products) having, for instance, computer usable
media. This media has embodied therein, for instance,
computer readable program code means for providing aaé
facilitating the capabilities of the present invention. The

articles of manufacture can be included as part of the

computer system or sold Separately.

Additionally, at least one program storage device

readable by machine, tangibly embodying at least one program

of instrugtions executable by the machine, to perform the

capabilities of the present-inﬁention, can be provided.

The flow diagrams depicted herein are provided by way
of example. There may be variations to these diagrams or
the steps (or Ooperations) described herein without departing
from the spirit of the invention. For instance, in certain

cases, the steps may be performed in differing order, or
steps may be added, deleted or modified. All of these
variations are considered to comprise part of the present

invention as recited in the appended claims.

While the invention has been described in detail herein
in accordance with certain preferred embodiments thereof,

many modifications and changes therein may be effected by
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those skilled in the art. Accordingly, it is intended by
the appended claims to cover all such modifications and
changes as fall within the true spirit and scope of the

invention.
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CLAIMS:

L. A method for forming a multi-screen display for a non-picture-in-picture

television system, said method comprising;

receiving, from a first input source, and decoding a compressed digital

video signal to produce a decompressed digital video signal;

receiving, from a second input source, an uncompressed video signal;

and

merging the decompressed digital video signal and uncompressed video
signal to produce a single multi-screen display sigﬁal for said television system
using a weighted average of pixel luma and chroma values 'between said
decompressed digital video signal and said uncompressed video signal, thereby
providing said non-picture-in-picture television system with the capability to

display multiple pictures simultaneously.

2, The method of claim 1, further comprising downscaling said decompressed
digital video signal prior to merging thereof with said uncompressed video
signal, said downscaled decompressed digital video signal comprising at least

one screen of said multi-screen display.

3. The method of claim 2, wherein said uncompressed video signal comprises an

uncompressed analog video signal.

4. The method of claim 3, wherein said merging comprises switching between said
decompressed digital video signal and said uncompressed analog video signal to
create at least some video frames for display by said television system, said

switching creating said multi-screen display.

5. The method of claim 1, further comprising blending on-screen display (OSD)
graphics with at least one of said decompressed digital video signal, said
uncompressed video signal, and said multi-screen display comprising said

decompressed digital video signal and said uncompressed video signal.
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6. The method of claim 1, further comprising implementing said method within at

least one of a digital video set-top box (STB) or a digital video disc player.

7. The method of claim 1, wherein said compressed digital video signal is received
from a first video source, and said uncompressed video signal is received from a

second video source.
8. A method for processing an analog video signal comprising:

digitizing the analog video signal for input to a digital video processing

system,;

blending within the digital video processing system the digitized video
signal with on-screen display (OSD) graphics using a weighted average of pixel
luma and chroma values between said digitized video signal and said OSD

graphics; and

implementing said method within at least one of a digital video set-top
box (STB) or a digital video disc player, and formatting said blended digitized
video signal and OSD graphics for display by an analog television system.

9. The method of claim 8, wherein said digitizing is performed within a digital
multi-standard decoder, and wherein said digital video processing system

comprises an integrated digital video decode system.

10. A system for forming a multi-screen display for a non-picture-in-picture

television system, said system comprising:

a video decoder for decoding a compressed digital video signal from a

first video source and producing therefrom a decompressed digital video signal;

an input for receiving into said video decoder an uncompressed video

signal from a second video source; and



109 ()- @LO%& ()- @LO%: ()- 10% ()-Z6K _aBuV7 1 !;910% ()- 710% ()-
]!cHl?lo%(&') ()%f . 21(()%/&' ()-fY+10% ()-)910%&' ()-3 ~ @1 !L10% & ()-

10% & ()-![10%\ & ()-, 10% & ()-10% & ()-! QLo%\ & ()]

-40 -

n& ()-MO%& ()- !'8&@0%\& ()- 10 10 10S< 109%& ()- "7~ @1 !
10% & () - MLO% & () @ () YDECY%)(B

1.

12.

13.

14,

15.

16.

said video decoder being adapted to merge said decompressed digital
video signal and said uncompressed video signal to produce a multi-screen
display signal for said television system using a weighted average of pixel luma
and chroma values between said decompressed digital video signal and
uncompressed video signal , thereby providing said non-picture-in-picture

television system with the capability to display multiple pictures simultaneously.

The system of claim 10, wherein said video decoder is further adapted to
downscale said decompressed digital video signal prior to merging thereof with
said uncompressed video- signal, said downscaled decompressed digital signal

comprising at least one screen of said multi-screen display.

The system of claim 11, wherein said uncompressed video signal comprises an
uncompressed analog video signal, and wherein said system further comprises a
digital multi-standard decoder for digitizing said uncompressed analog video

“signal prior to input thereof to said video decoder.

The system of claim 12, wherein said video decoder is further adapted to switch
between said decompressed digital video signal and said uncompressed analog
video signal to create at least some video frames for display by said television

system in picture-in-picture format.

The system of claim 10, wherein said video decoder is further adapted to blend
on-screen display (OSD) graphics with said multi-screen display signal prior to

presentation to said television system.

The system of claim 10, wherein said system comprises one of a digital video
set-top box (STB) or a digital video disc (DVD) player.

A systém for forming a multi-screen display for a non-picture-in-picture

television system, said system comprising:

means for receiving, from a first input source, and decoding a

compressed digital video signal to produce a decompressed digital video signal;
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means for merging the decompressed digital video signal and
uncompressed video signal to produce a single multi-screen display signal for
said television system using a weighted average of pixel luma and chroma values
between said decompressed digital video signal and said uncompressed video
signal, thereby providing said non-picture-in-picture television system with the

capability to display multiple pictures simultaneously.

17. A system for processing an analog video signal comprising:

a digital video processing system;

a digital multi-standard decoder for digitizing the analog video signal

for input to said digital video processing system;

said digital video processing system being adapted to blend the digitized
video signal with on-screen display (OSD) graphics for output as a blended
video signal using a weighted average of pixel luma and chroma values between

said digitized video signal and said OSD graphics; and

wherein said system comprises at least one of a digital video set-top box
(STB) or a digital video disc (DVD) player, and said digital video processing
system is adapted to format said blended digitized video signal and OSD

graphics for display by an analog television system.

18. The system of claim 17, wherein said digital video processing system comprises
a video decoder, said video decoder being adapted to perform said blending of
said digitized video signal with said OSD graphics.

19. A system for processing an analog video signal comprising:

means for digitizing the analog video signal for input to a digital video

processing system,;
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means for blending within the digital video processing system the
digitized video signal with on-screen display (OSD) graphics using a weighted
average of pixel luma and chroma values between said digitized video signal and

said OSD graphics; and

means for implementing said system within at least one of a digital
video set-top box (STB) or a digital video disc player, and means for formatting
said blended digitized video signal and OSD graphics for display by an analog

television system.
An article of manufacture comprising:

a computer program product comprising computer usable medium
having computer readable program code means therein for forming a multi-
screen display for a non-picture-in-picture television system, said computer

readable program code means in said computer program product comprising:

computer readable program code means for causing a computer to effect
decoding a compressed digital video signal, received from a first input source, to

produce a decompressed digital video signal,

computer readable program code means for causing a computer to effect

receiving, from a second input source, an uncompressed video signal; and

computer readable program code means for causing a computer to effect
merging the decompressed digital video signal and uncompressed video signal to
produce a multi-screen display signal for said television system using a weighted
average of pixel luma and chroma values between said decompressed digital
video signal and said uncompressed video signal, thereby providing said non-
picture-in-picture television system with the capability to display multiple

pictures simultaneously.

An article of manufacture comprising:



.43 - 17 DEC 2003

a computer program product comprising computer usable medium
having computer readable program code means therein for processing an analog
video signal, said computer readable program code means in said computer

program product comprising:

computer readable program code means for causing a computer to effect

digitizing the analog video signal;

computer readable program code means for causing a computer to effect
blending the digitized video signal with on-screen display (OSD) graphics for
presentation to a television system using a weighted average of pixel luma and

chroma values between said digitized video signal and said OSD graphics; and

computer readable program code means for causing a computer to effect
formatting said blended digitized video signal and OSD graphics for display by
an analog television system, wherein said computer program product is for at

least one of a digital video set-top box (STB) or a digital video disc player.



