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The invention relates generally to i mage processing circuits and
techniques, and nore particularly to a circuit and rretgg_g rmatting:
each of WORMINYS of encoded vi deo i mages into respecti V&S %43 nd second
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Background of the | NWDEOIMAGESUNTOLRESPECTIVEREGIONS 6, which is a video
frame that-includes a first region 7 and a second region 8. Although

described as a video franme for exanple purposes, the image 6 may al so be a
vi deo fimdnicEmfeimernore al t hough shown as 15 two rectangl es in a )

t op-pottom a e nunb shape, and res ive cations of
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the region 8 t.he I S, tran arent). O, one may wish to view an

i nternetpr?ﬁr&ﬁfg%ﬁtp"ft G udea gp e% Whl le he/she is view ng nerchandise

for4pale in the region 7 (and also in the region 8 if the nenu is
transparent e gverlay image is typically a partial frane that is
the samd S@“é’g‘{flthﬂf‘é@"#%” 25 smaller than the frame region that it

overlays, al Fiargn is Bsvidaeimars 6, rvﬁﬂBh 94 vide6 ffafié thaflinBlibiks 8 ﬁr‘ét‘i@?oﬁ rame.
But for s licit both_ parti al d full ove&%qr{ramegrres are erred to

"overd| fsg regiqny;r Althoygh ﬁeﬁﬂ'@@ﬂ agiay orexaraRiei onal

tel evi S'#@ﬁpééé@ﬁﬂiéﬁfna@ﬁ%rﬁﬁ?%&o bé./\alvm”edmd UPlgfheimivRd, ditABufiPshdvin 8¥ch as a
cable TV (CATV) or satel a 30 renote control 12, and a digital

vi dd8 d.t‘y@ragtamslesaﬂeaémbpgwmtaﬁ@nssmem the nymbep shape, ﬂn%ﬁﬁsﬁ%@WPay i mages -

such as |6&m§ﬁstolpg{esgqg@gﬁ§,saé}bﬁa@-- in the respective regions 7 of a
sequence of vid frames 6 (Figure 1). The box 11 includes a processing

circuit 14, WWP@HHY nei iews aseauercral vided frames 8da thailygspediveyi deo si gnal 1
WO 0111088tReT/BAPORE #43 sbmetimes wish to view another image, ie., an overlay

. image, in one of the regions 7 and 8. For example, one may wish to view an
20 electronic program guide (EPG) in the region 8 while he/she is watching a program
in the region 7 (and also in the region 8 if the EPG is transparent). Or, one may wish
to view an internet order menu in the region 8 while he/she is viewing merchandise
for sale in the region 7 (and also in the region 8 if the menu is transparent). Thus,
the overlay image is typically a partial frame that is the same size as or that is
25 smaller than the frame region that it overlays, although the overlay frame can overlay
an entire video frame. But for simp!icity,' both partial and full overiay frames are
referred to as "overlay frames".
Figure 2 is a block diagram of a conventional television receiver system 10,
which includes a set-top box 11 such as a cable TV (CATV) or satellite TV box, a
30 remote control 12, and a digital video display 13. Generally, the box 11 allows one
to view overlay images — such as those that compose an EPG — in the respective
regions 7 of a sequence of video frames 6 (Figure 1). The box 11 includes a
processing circuit 14, which receives an encoded, multiplexed broadcast video signal



-on an input termnal 15, receives command signals fromthe renote control
12 on a conmmand ternmnal 16, and generates a video display signal on an
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domain frames, i.e., frames of pixel luminance and chromanance values. In
response to the overlay signal, the video decoder 22 also decodes the selected
overlay frames into the pixel domain, and an overlay/video combiner 24 blends the

25 decoded video frames with the decoded overiay frames. Conversely, if the
command decoder 18 does not generate an overlay signal, then the selector 20 does
not demuitiplex the overlay frames, and thus the combiner 24 merely passes through
the decoded video frames from the decoder 22. In one embodiment, the output
terminal of the combiner 24 is coupled directly to the output terminal 17. But

30 Dbecause it is sometimes undesirable to couple decoded video frames (blended or
unbiended) directly to the display 13, in another embodiment the circuit 14 includes
an optional re-encoder 26, which re-encodes the decoded video frames from the
combiner 24 before providing them to the display 13. Although shown as including a



nunber of separate circuit bl ocks, the processing circuit 14 may include
one or nore processors that performthe functions of the above-described

circuit blocks 22, 24, and 26. Stil.l referring t sy in
operation W&r“?'ﬁé’gg perl od when a viewer does not 5 want to view an overl ay
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cause 20 ‘rhst@(?%rm%odéﬁ?feéwde%‘?hé Fécb%.%%éb%ahér ilo BBRRIRFpikeAe0 si gnal

of the selec channe he encoded vi deo slgnal.contarnrn t he
overl ay f valuescand therapmbiner24 passes Hieseifrgmes te s ertiongrergneedetié®oder 22 to

decode 't hedCRYGHRHeE i REhedBfl pRYRISsE reldttled \dR8 skl ©Tthé BpanNe!

sel ect or I'nto respective sequehces of auses the c nbi ner
24 to bl end. ﬂihboweeen the rerencoden 26 is omitted Haemthe wblm%rr%soassegmeer ate

bl endqg fr gﬁegghéag%tﬁ@a@@égqgr 26 re-encodes these blended franes

and provr whi ch decodes the re-encoded bl ended
frames. | f holmmratlmméumm%nermh%thes\"mnww tq view anfavedanfiame: 24

provi des %Q%f@cgs;%ﬁg?ﬁﬁ%%?ggéi%ﬁtég\ﬁg nH *&Tsodét%é&é%n gﬁer éj‘?ré?ﬁé gpately, the

set-top boX |ng abi 30 display 13,
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typically can Ji08Ghe ¥nédtfedivided dighal Borlthining the overtay frame or frames. The
overlay signal causes the video decoder 22 to decode the recovered channel and
overlay video signals from the channel selector 20 into respective sequences of
frames, and causes the combiner 24 to biend the overiay frames with the channel
25 frames to generate blended frames. The optional re-encoder 26 re-encodes these
blended frames and provides them to the display 13, which decodes the re-encoded
blended frames. If, however, the re-encoder 26 is omitted, then the combiner 24
provides the blended frames directly to the display 13.
Unfortunately, the set-top box 11 cannot utilize the decoding ability of the
30 display 13, and thus includes its own redundant decoding circuitry, which often adds
significant size and cost to the box 11. Typically, the display 13 includes channel-
select and fuil decoding circuitry respectively similar to the channel selector 20 and
the decoder 22 of the box 11. Thus, the display 13 typically can directly receive the



-WWO 01/ 19090 PCT/ USO0/ 24333 encoded, nultipl exed broadcast video signal,
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video images are compressed to allow their transmission over existing television

- channels. Without compression, HDTV video images wouid require transmission

channels having bandwidths much greater than the bandwidths of existing television

25 channels. Furthermore, to reduce data traffic and transmission time to acceptable
levels, an image may be compressed before being sent over the internet. Or, to
increase the image-storage capacity of a CD-ROM or server, an image may be
compressed before being stored thereon.

Referring to Figures 3-8, the basics of the popular block-based Moving

30 Pictures Experts Group (MPEG) compression standards, which include MPEG-1 and
MPEG-2, are discussed. For purposes of illustration, the discussion is based on
using an MPEG 4:2:0 format to compress video images represented ina Y, Cg, Cr
color space. However, the discussed concepts also apply to other MPEG formats, to -



WO 01/19090 PCTJUS00/ 24333 inmages that are represented in other color
spaces, and to other bl ock-based conpression standards such as the Joint

Phot ogr aph Bght S G oup (JPEG standard, which.is oft
conpr ess S%(F)il mages. Furthernore, although many detail's ({ﬁg‘@&éﬁg/PEG
standards and the Y, CB, CR color space are omtted for brevity, 5 these
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or i gi nal %gpﬁl@splx rm{s'g'étﬁ]' érf?a?&gngngﬁ%ﬁ'éﬂﬁ@Z (netdrawnde nal

| um nanceswale))einthe MIREG stah@adeca hitré Bk is Slivafdt 6x 16%ikss %ﬁgﬁ@?sed the
MPEG 4:2:0, format al|o aon% one pre- co ression CB val ue an ne pre-

conpr essi SiEEROMRESSION '@F&Sl!l'ﬁe;m? |°§lﬁ$ having pthegdimensignsofin theese pre

25 conpr esf ﬁélﬁ&’e&ﬁﬁn@ﬁé/&hé%nﬁ@efb@é&ﬁﬁé §bY, iRhpk@fi32 haght he ori gi nal
CB anfrZCR ?/'al ues of the four pi xel s 32 |nrtﬁe respegﬁéve grtg)nap 34. For

exanp ShP t'Vec‘UWﬁ?aé’% vBlyedEnd fieshasiive RARPT ealer- disorchemar, diffecensei gi nal
CB val uesvaﬁegcgahatcR p| er s 32 in the respective group 34. Thus, :
referring to Flit{%;éres 3? the re- _conpression Y, CO and CR vaI ues

generated for mRgde '%VB%QAI P@f%?ﬁaﬂ@&fsﬁ%‘ dthefiemesthedlighal ri x 36 of
pre- COWDFlﬁ&ﬁhéﬂbeY(Yyéhu@ﬁrohm&ﬁérénQet(bﬁaﬁa%0 SRWifbd fled BRCH P! XE

32), one 8x8 matrix 38 of pre-conpression ues equal to one derived
CB val ue Wp@éﬁ'ﬁng’r%dbe@!le'ﬁ?mpfﬁ?P'%l%@JQ@- 3@9@'@#‘&13@ 9"‘8&8 original X, @g, of

pre- zmrmamewalugsovaiebtﬁ@dawuﬁie R 1R MPERS haFofRal Mdiprel ImB&dlo" OUP 34

of four Y values are the same as the original Y values. Thus, each pixel 32 merely retains
its original luminance value Y. But to reduce the amount of data to be compressed,
the MPEG 4:2:0 format allows only one pre-compression Cg value and one pre-
compression Cr value for each group 34 of four pixels 32. Each of these pre-

25 compression Cg and Cr values are respectively derived from the original Cg and Cr
values of the four pixels 32 in the respective group 34. For example, a pre-
compression Cg value may equal the average of the original Cg values of the four
pixels 32 in the respective group 34. Thus, referring to Figures 3B-3D, the pre-
compression Y, Cg, and Cr values generated for the macro block 10 are arranged as

30 one 16x16 matrix 36 of pre-compression Y values (equal to the original Y value for
each pixel 32), one 8x8 matrix 38 of pre-compression Cg values (equal to one
derived Cg value for each group 34 of four pixels 32), and one 8x8 matrix 40 of pre-

compression Cr values (equal to one derived Cr value for each group 34 of four

5




"WD 01/ 19090 PCTI USOQ 24333 pixels 32). The matrices 36, 38, and 40 are
often called "bl ocks" of values. Furthernore, because it is convenient to
per f or m t e o3asgee essi on -transfornms on 8x8 bl ocks of pi x@CTWSHWRAES nst ead
-of 16x16 bl ocks, the block 36 of pre- conpreSS|on =Y val ues is subdivided

into four, 8x8 I ks 42a - h ect | oxr ond 5 to the 8x8
bl ocks APIX€ inedmatricgs ?ﬁ’wé%b? &%E G_ahqcﬁﬁ?c?( \ﬁ?‘ﬁ?g to Figures 3A
- 3D, si Fu&h&dﬁr@pk@camgegtnecommrmm porf@rhx&ie aﬂm;ﬁees’m gemsfom%dn BTaa each
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pre- CO”pro?E?é-Qé}nH@s&oﬁ'@H]\Faﬂuég laaa%nbfmwawm Mrgﬁbﬁpiﬁdsﬂﬂ dz15alﬁé§i ci ent
transform and_codi ng techni gques. Nbre s&em i cal'ly, the encoder 50 includes
a frame-reor dEigusR fiea bipek (WPQ"@W of aa MPREscamrress - @oWbPCés!%mﬁedata for a
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sequence for encodi ng. Thus he reordere sequence is often different

t han t he conpressien data fpr %ﬂam@rfseam%oféragme«nm entodeddaa thal | be
di spl aye‘i’ e Sntq Qgﬁ\"e éé %r%és d?'nfifcta i r%%tJ tSn Sn e frel €SPECti Ve
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group, S eac rane “either an
intra (1)comwmmdata r'f@rperfqrmdhi(smonvm;mhrm&encader Hkedpbes oreiirhing®® may

i ncl ude | f; Hﬁsp r . ' franes.
The encoggé%ncieg i er%g%gﬁ £a]érzz&f b?tfa mfofrﬁéhstathr&géﬁ%gﬁ{geﬁt%hgﬁ t her
framdp btﬁfﬁaim’ttmdfwﬂt&ndmmﬁhmqume a non-1 frame with reference to one

o e o b kel heble S Beuefd 8 e o b ey o1
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P oconP 1653k PR Pl SR Bl e PR, TG phARRRE S,
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encodes gnoup,fcalieda Grodp Of Pictutes (GOR)camplabski eachGrame as either an lntra )
frame or a non-intra (non-l) frame. For example, each GOP may include three |
frames and 12 non-l frames for a total of fifteen frames. The encoder 50 always
encodes an | frame without reference to another frame, but can and often does
25 encode a non-! frame with reference to one or more of the other frames in the GOP.
The encoder 50 does not, however, encode a non-| frame with reference to a frame
in a different GOP.
During the encoding of an | frame, the 8x8 blocks (Figures 3B — 3D) of the
pre-compression Y, Cg, and Cr values that represent the | frame pass through a
30 summer 54 to a Discrete Cosine Transformer (DCT) 56, which transforms these
blocks of values into respective 8x8 blocks of one DC (zero frequency) coefficient
and sixty-three AC (non-zero frequency) coefficients. That is, the summer 54 is not
needed when the encoder 50 encodes an | frame, and thus the pre-compression



WD 01/ 19090 PCT/ U300124333 val ues pass through the summer 54 without being
summed with any ot her values. As discussed bel ow, however, the sumer 54

is often Q‘ﬁsgf’g%“%]en the encoder 50 encodes a non-l frangr (&ogﬁégjl zer 58

limts ea coefficients to a respective maxi numyva and
provi des the quantized AC and DC coefficients on respective 5 paths 60 and
62. A pr edalaes passthrougir thé sumneati Sdt witheluy being stosnedwitiDany othef valuesit s, and

a vari abl V, C d t he
guant i zed‘i\gr‘?ﬁscgfgﬁﬂcggg‘%ﬁgw% tﬁékﬁﬂé@oef |ckéﬁgs | n ggﬁlg{reéﬁééﬁﬁ th
codes, suehcodes adr-hframeo deguaniizersi8 loitsesadhoofithe keefficientddal adaspectlvm
represent _the pixe val.ues.of : e r ) er 68
{hent omp Bk VElus, B84 Brdds the BuBRERRCAC andl BEboefioBh i ebpetita™  O0
of t he5enpathed0cid62. oA pretictionesncodel G predistivily leavodes the Q. caefiidentsy t h
Figure 6 Altern ivel e en ed data i tor nstead of
t rgnsm t% apd avyaga dgpg%goﬂﬁgﬁ%?weﬁg%q@ %’FFQ%CE egﬁcé?rﬁs aE directly
to a stor gaantiFediand ;ﬁuazbtu\m mdaaeazm cd:éfréubmsImti:r\anablulédgtuaeodeseduas a
ref er enceag?_&fgn{q@teni g\nﬁﬁﬁc? o&g ne o tjf@épe%n I Lr%goeiell n the
GOP, then éﬁ:ﬁgﬂ
gor r esponghNigs bffR'ehiteted | figmePA mm lﬁlﬁférbs tREE tRsbrarily 6fMEs theké a
Used 89°t RedeRiBclew SYPRPGIIREd SRS IRS R ORPRP Gt F ARt are
refer enceqd.&éuskéé bbiol naraanjmbﬁbn Wit P@efe bR sAlEmativel NF@ i thaléndcRiet Hatd ige

decoded | frane as_a reference_frane Because enc%g‘enlg ap'd decodi ng
are | ossy tabestased H‘F@Qﬁ%ﬂf“@ﬂsm@epo@? 9996" 6% may paAYids fhe vari Agthac and DC
transfor Qgé.k&u@%ssmrse@w@dmswwécﬁnﬁm decoded | frame will

of ten be rent “than the pre-conpression pixel values of the |I frane.
Therefore, usi Hghe Hearpe wilbbeysedas areferencafas i oftgn wilt e)dateng eriparejur i ng

encodi 99 M-l GRS iRt Guwmenardrltﬁ@fduéwi rbaeoﬁieﬂ@&stoaensd gérﬁaaﬁstaecause

the 2 erence frane used for decoding (decoded franme) woul

di ffer ent CPWPQ’#E'Q refgrenceEame Paﬁec%wth%?n@ﬁesaffﬁg'e(wba ES‘Fﬁﬂ"&%m on |
frame). Tl?@tfhﬁfq%b@hatﬁ@ SRRl bRldenflcd) & %Qi&édfn?%rﬁ?le asea wrtﬁeaeeodé?at wi

be simlar to e sane as the reference frame decoder, the

encoder 5(@Figwiel &)d d¥hen deeagingronytirames Mawqfﬁfeaﬁ%tml frameyfiech are
desi gned_\@cHdFhasnd% dﬁgﬁ%ﬂfdds%rthégeé%d IYhé &s BGéferéndefaiiecoder (Figure

6). The dequanti zer equantizes the quantized DCT coefficients fromthe

quant 2Ber maumupﬂ%emm@mwmg are dessy orsemenpiEMationiigest due tocT
SgleL];'s ci e'&bﬁﬂﬁi&iﬂn Bf’fhreeﬁ@% g%zsgonﬁ g&négﬁm@Bfétg :&Qg@g&él valudshhr tiRed CR pi xel
decoded | frame wrll oﬂen be dlfferent than the pre-compression pixel values of the |
frame. Therefore, using the pre-compression | frame as a reference frame during
encoding may cause additional artifacts in the decoded non-I frame because the
25 reference frame used for decoding (decoded | frame) would be different than the
reference frame used for encoding (pre-compression | frame).
Therefore, to generate a reference frame for the encoder that will be similar to
or the same as the reference frame for the decoder, the encoder 50 includes a
dequantizer 70 and an inverse DCT 72, which are designed to mimic the dequantizer
30 and inverse DCT of the decoder (Figure 6). The dequantizer 70 dequantizes the
quantized DCT coefficients from the quantizer 58, and the inverse DCT 72
transforms these dequantized DCT coefficients into corresponding 8x8 blocks of

decoded Y, Cg, and Cr pixel values, which compose the reference frame. Because

&



"W 01119090 PCT/ US40/ 24333 of the losses incurred during quantization,
however, sonme or all of these decoded pixel values may be different than
their corweepesw@e ng pre-conpression pixel values, and tbhopUS#R4333f erence
-frane may be different than:its correspondi ng pre-: conpression franme as

di scussed above. The decoded pi xel val ues then pass hrough a, sumrer 74
(used whohthflqeses insyred dying &ﬂy@zw OWEYTh OB AT Pl? P% tese %§§°‘3ﬁds cussed

bel ow) t @il ¥aILEE AidyDd diﬁeﬁénbuxfamhewéerré!aioﬁbmggﬁé-e@mbr&smf fxaNaRies! r ane.
During the encoding of a non-1 frame he encoder

0 ot > 50 initially encodes each
macr o- bl G tBes thedefesenge framemaybediffetant than s cRErPsPONding RE-manner

di scusse i fasdi 1 Hsd bR PI664 Hel which is
di scusseg:ogg{?%gvﬁlor}rﬁaeﬁ%ﬁgodégec{ugg%éta ﬁpsaveg&gﬁgarggngmﬁﬁ%%gsul ting code
havi n§ t Herough@saummers’4 (used wherrgangirting awefpreace fiamediom aaend fiame ks of

the non- 'asHié’éIE?.g@BSloW?‘g@g?%eféicﬂgrﬁbﬁﬁé/ﬁ%t which%goreﬂﬁé‘ﬁf@r%ﬂ@&t to notion

predi ction, an object rame exhibits notion if 1ts relative position
changes iframéie succeeding franes. For exanple, a horse exhibits 15

relative noti I f : ) e fol | ows
the horse, t ?\jgjr';'h% rtl'éé Bg%i é’%ﬁfn%ﬁéeﬁﬁﬁgﬁééth%gngﬁ | ?/reéarrlgfﬁﬁg%g\am&f%%[%gect to
t he hor samadke+dockl dfyhe nerat framk in Btleastivwasaysyinf themeannen disicussed dtwvebj ect
appeagmns | I t f. .the s L xel s the
o bodB; ndtht Bahes e RHRmORIT eleiey bl FENT BHsRer h8RIC Ble Biathst 50
of t en ocdhey sawspard transniitsathe résulting aode Having the éeviddst dits.f hisrtechnique t he
respective a ocatio e c ILn the preceding franes. ...
At or nat 1S Tt IEEABLE Hobdiek 15 SORY frafiet 3 BOGREH Bihd S TRFes blsy o cct
(e.g., tree) Wih especitonmationqerediciien, @n,objgey in arframecxhibits tinhatiohahits f r ane
| ocation ip,each .of successi on of franes d_thus, exhibit "zero
mot 1 on” . TPROKS prafion Bandes 11 i sHtseeding H5es, FOL exAPIZA NORRSLIRIEN: 1y, i
t akesi5f ewelatidahotibn tifit gallope bbrdsb ¢helecredrr OrtihtheZamers follosthé siofseand Z of
frame | on-| frane re e sa as.the.macro bl gck t h are.in the
| eat i ondheh HePAcRETuoR sRrintS r Rt Mool edpeerlaths horse om0t
: S enCOd@toﬂlsbfmdm]EdceédingﬁeﬁTes ifrvhich melo@]écve?yea‘rﬁ&?ntamsl | feash oMk of t Ihe
ocation , values o e.notion vectors are relativ rge., Conversely,
for a ot 0% GATREHo LRRIGF DBPY B bR Aol Tafes BususReRg IR P atane. « he
| ocat i on biedkean aGuctERIimGPirane ofen\sRelsy fespestivediante oehtiors bt aler equal to
zero._ Fi géj#e SHS I LE%:[]I’ ates. t r}e co cept of notion vectors with reference to
the - [differeRpan e, epspRetive A o tions ba SEEHRYB e PIRCRBING MRSt or MVR
i ndi cat esAltdimdtively, Behadio bick et iNBIGddes & peRibn iofalshftichasAdtjed (RRftrdeyame 1
can be found jn the location S 8 L
or background scene (e.g., sky) may occupy the same frame location in each of a
- succession of frames, and thus exhibit "zero motion". In either case, instead of
encoding each frame independently, it takes fewer data bits to tell the decoder “the
25 macro blocks R and Z of frame 1 (non-| frame) are the same as the macro blocks
that are in the locations S and T, respectively, of frame 0 (I frame).” This “statement”
is encoded as a motion vector. For a relatively fast moving object, the location
values of the motion vectors are relatively large. Conversely, for a stationary or
relatively slow-moving object or background scene, the location values of the motion
30 vectors are relatively smalil or equal to zero.
Figure § illustrates the concept of motion vectors with reference to the non-|
frame 1 and the | frame 0 discussed above. A motion vector MV indicates that a
match for the macro block in the location R of frame 1 can be found in the iocation S



WO 01/19090 PCT/ US00124333 of frane 0. MVR has three conponents. The first
conponent, here O, indicates the franme (here frane 0) in which the

mat chi ng nbgogCk can be found. The next two coenmponenperysienafad YR
toget her conprise the two-dinensional |ocation value that I nd| cates where -
in the frame O the matching macro bl ock can be found. Thus, in this 5
exanpl e, loef Sranvsec0.t MYV/R hnsathietercoﬁmdnehtse Thecfiret dbrﬂmahhhemﬂr&ndfcé(e@ﬂw di nat es

as the catl in the fra nverse t he cro, block in

the. Iocat Tome et rafelohin whiiing mattTinG mcrahBOP Cai pe found TR et o

di f f erent aémqsh c;mntsdb(%h?%t fﬂgﬂthdrIcenipnsatheﬁtwd-l’dm’éhﬁlbﬁélﬂé@tlo?@aﬁl@dhéfz

represent .the |ocation spect.to the n exa

suppose tH%‘E'c?tﬁﬁw%(%%ﬁtBﬁw?"]es'Sﬁ'\?rf“ °!?E‘P§“?‘E§°PF% Icéf'?’ JZ uricgf {?e X

czi ir $ﬁ t i50 P)ex@ﬁii:lé @e?ausa Tgllgcaﬁ)ems Ac?f{tﬁé‘fréﬁﬁgﬁh t hhayme‘éaehé Xyt d:civri:dmétbgta_h%"@t i o tn
erefaore =(0, -10, - ere .are ot her notion-vector

schenes a\}%?qt'ag"% ‘?‘ﬁé@"}‘%b );ﬁYRﬁgs E;d’" Ws?We"‘?dﬂﬁcragMé i thedpeation T

Ref erri ng ratehés fhe Matobiock in Y foeatidh ZAiIGith Ras difeRMXY é&stamatésltna.ﬁet ail .

During the encoding of a non-| frame, a notjon predictor 78 nﬁares t he

pre 15 cortp® osation Ty Therefere, Ke ﬁBd(\fBrﬁPf&swt%h‘iéEO’hTéwﬁdﬁsﬁﬁé%tP 8ring
™oL i O Pr qgfioh 91 Forxahibte, BBpEeseahaCHS 10durbl T 8% hixéls Whelignbhe decoded Y

val ues of the respective nmacro blocks in the reference frane and
i dent it0i ednegativeixmdireatiophansd spves pixals dewn rfromwﬁ@gaﬂ\m Y ditection) ke lneation fr ane

for which 2 TRdeforé, MV ﬁwd—mmﬁ)hmms&ﬁtggeteﬂe Al othef«‘mog@% {@dopr edi ctor 78

generates a notlon vector that identi erence trame and 20 the
| ocati on @chemes aueitahiedhewaredlihased onithe sameigenew epraepb frame. Thus, as

di soussed bel o erdiring Bt Ffrdh! Aol dlon Wi GisERR iF ekl these

noti on- encoded nmcr he non- | er uses the
not i on ve(ﬁlﬁlﬂs the enegrling ﬁf@ ﬁén'[!)ffﬂéle aanetion psedicies 78somparesitbe gt macr o

bl ocks

pr ggl cti omoﬁg% | ct e rf?l@ééélgﬁ%‘g? es tr é&gg{i rrﬁo\li/le {)erdzaﬁn%d t he
coder 66 (péthe mace blwﬁeuﬁhe/eortbfn@@eft@thet modeddowé@esmftthereswecwer s and
provi des 8 $E%h fh% r t%?eﬁcreq‘gh?ﬂé Enmf{efnﬁﬁes Matchin rrh b'Bidcks. Egpéée’t?ﬁ r 2nce

macr o bl oc e non- | rame macr ock'in't
frane are mdctre iplackin ther nanit fraroe fargehich a angtch lsefoemd:mctbe referenee drades thenese

di ff

for  them Tipien et 78'denclieq gfolish yabto? ek iRhuheang Fe@filce tie’shd 001",
val ue20of therlocatiorsof thg matching biasekblotk witbinrtbe eeference framee Traist &2 summer 54,
whi ch et iRl ] HeiSiilh EBfhScnith BhUf| 6 Wb 4BkodiAZ bfthebd fiRflor val ues

fromthe pre-"conpression h| ng cro of the non-I
frame. Themeoded macro blocks of the non-l frame, the decoder uses the motion vectors to

obtain the pixel values of the motion-encoded macro blocks from the matching
macro blocks in the reference frame. The prediction encoder 64 predictively

25 encodes the motion vecfors and the coder 66 generates respective codes for the
encoded motion vectors and provides these codes to the transmit buffer 48.

Furthermore, because a macro block in the non-l frame and a matching

macro block in the reference frame are often similar but not identical, the encoder 50
encodes these differences along the with motion vector so that the decoder can

30 account for them. More specifically, the motion predictor 78 provides the decoded Y
values of the matching r_hacro block of the reference frame to the summer 54, which
effectively subtracts, on a pixel-by-pixel basis, these Y values from the pre-
compression Y values of the matching macro block of the non-1 frame. These



111 WO 01/19090 PCT/ US00/ 24333 differences, which are called residuals,
are arranged in 8x8 bl ocks and are processed by the DCT 56, the quanti zer

58 the coder nd the buffer 68 in a mnanner sinilar t&lt‘,ﬁs}b,zgyﬁcussed
.above, exé%%?&gpéé't t he quantized DC coefficients of the residual bl ocks

are coupled directly to the coder 66 via the line 60, and thus are 5 not

predi cti veiffgreniaes datichsrd difled residudls,Glte ananged inddxs Hdckdamharel y, it is

possible to us as a,ref ncefr | frame
will usedp%eﬁsng?yeﬁér‘igFEg;%ﬁ qupﬂ’%zqﬁég ecager g?ﬂlﬁ!&?%ﬁh&?ﬂb quanti zer
58 are rempafct iRl tociﬁﬂLtﬁéEUSEé’diaBWé Ielsw@;st&ﬁatttheqaém@adamoéfﬂaents of
dequantlzer 70, and the inverse non-1 _reference frane

will be tthe residyalhlocks ara goupled dgeeﬂvﬁy ﬂﬂﬂ e%%r&%\@? tfffb'.mec $(k andtbysare

di SCUS§edn§tb&¥§lctnEWeﬂéﬁde9rbytﬁé%ﬂécﬁétﬂfn eiftoRery4 des to the summer 74 the
decoded Y val ues réeference frame fromwhich the residuals were

gener at ed. TheA@‘UWIY’Y'h'SM@beQ useaspen-l fromeasa raiereace frame: Y¥hen acuit 72
to these dggd @f}sﬁ\ew %%H@%s Qfrefelénde FHhERE qganﬁiemes.ugasew e the

respective Y values o e non-1 reference frame he 15 reference frame
buf f er 76quantizes 58 arssrespectively-dequantizedhand inverse teansfegmedtiy thée | reference

f f

F gure a, SpREertBelnE A iR RIS BRE? 88 Thar i BBRY refforice RMEiNaINED

t he t f@nssametasithe onessedhy the degadenfarihe reasons discusredahoyeedhemaotiondat a

at a fixed, dEét?n? %@fdeg‘f@{ﬁe'ﬁ}f\ﬁm&?ﬂﬂ&baé‘c%dea Yevalu%g‘ [.é'l f%?érenbé ei t her of
onalrti on 0 e

t hese 20 occurs, error nt roduc encoded dat a
stream Féramedrammihich the residudisiivees gemeratmir fThesumndet &4 addsihehe coder 66 is

lost. Thug, r?tegﬁve{ %%Eiu]a fﬁnﬁgéucéq ggﬁglztiﬁ?ﬁegeeféi: ?38 @é@sgéﬁﬁe | kiErence

quantlzatlo ased on thé degree
of full neﬁ'ameftotgeeetataﬂ'aﬂespMiNééfva]Bes Eﬁﬂaefmhueeferém:e framhé.eTh&8, t he

2 95 St Yeb il 5 S BR orlfle Bl HRRADATRE™ 2675, e
smal | er tréferencatiraaid for uﬁé)lrrmiwdlrgmxbseqmmtfmotlcﬁnamesand t he nore dat a bits
Lhe coder O BT BHALin PRl s DS A hE B Bl Sl st b DT
convent i oirsurdiaCiicteanspitisfiee 68 2which itgdicallyGransmite i@ shgoded|fratik datdec oder
o O 7 TS e e or BSOS 1 SRR OFes o - 9
pr edi 20 ed conditions dcdurs; energinay hednitsductd istetosefcdded daa sdam: IFeRgt h codes
received fegcngp} Efthe buffer 68 overflows, data from the coder 66 is lost. Thus, the rate
controller 80 uses feed back to adjust the quantization scaling factors used by the
quantizer 58 based on the degree of fullness of the transmit buffer 68. The fuller the
buffer 68, the larger the controller 80 makes the scale factors, and the fewer data
25 Dbits the coder 66 generates. Conversely, the more empty the buffer 68, the smaller
the controller 80 makes the scale factors, and the more data bits the coder 66
generates. This continuous adjustment insures that the buffer 68 neither overflows
nor underflows.
Figure 6 is a block diagram of a conventional MPEG decompresser 82, which
30 is commonly called a decoder and which can decode frames that are encoded by the
encoder 60 of Figure 4.
For | frames and macro biocks of non-I frames that are not motion predicted,
a variable-length decoder 84 decodes the variable-length codes received from the

10



10 W 01/19090 PCT/ US00124333 encoder 50. A prediction decoder 86 decodes
the predictively encoded DC coefficients, and a dequantizer 87, which is
simlar or cal to the dequantizer 70 of Figure 4, 455es the
decoded A@%ﬁ‘gﬂ transform coefficients. An inverse m?e@’gﬂe% ch is
simlar or identical to the inverse DCT 72 of Figure 4, transfornms 5 the
dequantlZéﬁéoe@eédwpeéuuéndﬂ&oaem dé!c”dd§§$he ﬂéanc@te@ls?eﬁeodad@d: val ues pass

t hrough a symme ¥\/m ch is useg&\gurl n e, decodi ng of notion-predicted
macro bl (ﬁ?ﬁg'c!ﬂ“tﬁw@ﬁ'dla ayaRtize[ S/ Walchds g 'sépbwentmal thihg deapantizer 7@or der

buf fer 9%¢f Fagu?e ghdéedrtizesd tre d&t@aél@ﬂdéme tﬁh@fo@vh%%&%&nid“% indeRePr oper
order for dis a video disp Iaxgunl If a decoded | frame is used

as a ref é?%-ﬁég Waﬁhés similay or idegtiral fiRyeEse pﬁTtW?eOfrFéﬂlﬁPénifém’rfP@Fﬁa buf f er
96. For nmé H@d_?]ué}ftﬁéﬂ %beﬂhciéat:snﬁto%fa giues. ‘Fﬁédhcéde?{ﬁﬁel vhtmes% gegder 84,

dequanti zer 8 I nver se rocess the resid as di scussed above
in conj dheuhe SMm‘ﬁeFQQ;]u-rélhlPh |¢H§e d@rmgcthe@lscq@e@eémow-a@dm the notion

Vet o s, rmaig b Ll An | Baed®lsidtsS8 RG0SR0l HE rStHilRS P gb e i xe!

val ues from rererence-frane nacro ocks noti1 on VEctors

poi nt to. wﬁ’d:lesmwmlbe d%odewframeheae arrahgesthem mm@bpm@drdesfor displag ohesi dual s
to generate,t xel s of decoded ,macr o bl ock angd. provi des
{heoe Se e fisRle i, PR g8toredt feoris BASEA TR Bieee Gamd s L O
non- I1ofrmeumu@edfaen@.ﬁghemﬁeegérarre it is stor ed in the ref erence
frame buffer Ref e

re 0 escri bed as
i ncl udi ng mul ?:P[)m? 1oppAe '?tﬁ actg? H?gkﬁ o@‘p%ﬂfgame#]é ‘Efijéf 0 anl:l t he
decoder & ﬁamieesvmhdemamd)cn 88 [prdbes tite re%iﬂubl&adsedlsafsséd apovd inat i on of

bot h. For ex oder nd er 82 are often i | enent ed

by & r o< FOBLTGIPTEHEh B10wEE Ao ToeRURURNJetidet B deeasien the mopoe HEders,

f unct i onsandfa kdfiors int@pblatét gmﬁ’réwdaétd\ihé%uﬁﬁﬁe?ﬂQoetﬁefibix%waﬁdlaﬂﬂ&mctget Pet rl\]/F’EG
respecLi!I vely, an 0 e

encoder 50 and decoder 82 Fi gure and 6
VPEG 19t arfelerencerTajen ragro biogks fref fhaetiarsvectath poRE Y. | Tha sustiber O ARG ng
" Video ans&ea:%féreﬁce PixeReleds 1B thSwshiials\b Gensrdtd tHe p.xéa%&es\wuﬁh i's

| ncor por at ed reference. Furthernpre, there are other well-known

bl ock- badi&go e bigeks, @pd B Qlidas thgse deradad wicehvguas PR f@merages. 30

SUMVARY - GorbieEbdiftdfigd] | B! deBoditencisPiPdthe & udedtad ) idérehd framey it iefoRHOCESSI Ng
circuit includes a processor hat recei ves encoded i mages each having

respect i V@ the refqrencryframedifer 88i ons and
20 Referring to Figures 4 and 6, although described as including multiple

functional circuit blocks, the encoder 50 and the decoder 82 may be implemented in
hardware, software, or a combination of both. For example, the encoder 50 and the
decoder 82 are often implemented by a respective one or more processors that
perform the respective functions of the circuit blocks.

25 More detailed discussions of the MPEG encoder 50 and decoder 82 of
Figures 4 and 6, respectively, and of the MPEG standard in general are available in
many publications including "Video Compression" by Peter D. Symes, McGraw-Hill,
1998, which is incorporated by reference. Furthermore, there are other well-known
block-based compression techniques for encoding and decoding images.

30

SUMMARY OF THE INVENTION
In one aspect of the invention, a video processing circuit includes a processor
that receives encoded images each having respective first and second regions and

11




"11 WO 01/19090 PGI/ USQOR4333 that receives a notion vector that is

associ at ed vm'th the first region of a first one of the images. If the

noti on veed Fyal nts to-the second region of an inage, tetausoba43sPr ocessor
-re- encodes at ast a porti:on of the fiirst region of the first imge such
that the first region of the first image has no noti on vector that poi nts
to the sthabiegees agnafionofectar thatdsasseiated with the st regipreofrafinst oreaf subdi vi de

each image ; @Lgés Sﬁ{Heerﬁoﬁéq iht9%8 thd ér%%asw@aﬁ of&rglirﬂ tﬁ@meof whi ch

i ncludes re ences to corres I mages.
Ther ef orproce$sop r&emmgtleasmmmormféh@f irst m ofége dirst lmaee smi'etﬂlabnl y

decode t : | S e that 10
one. w sri8 16 ¥l BF he Y i b o PobliBPien e GFIR S5 e B8R o1 "2
sequdnceregion uflamemagearres. He fi rst uses the processing circuit to
re-encode th | on,vect oi.nt _bet ween

bottom portio uc %g%sjlﬁglrc aﬁ’hsé'%fialb& ?)%qht'fngﬁg(?? a%ﬁg?ﬁgﬁnﬁg&ﬁéﬂtol—b t hen
decodes mbepﬁl'ﬂ@narugiadseebm bfommplm i‘rtduﬂas referérives td bBWRBe chirespdmdinge decoded
EPG and bottom rane ort ons gles tgy '&.I ended frane

por t i ons'e98] "ﬁ@ 'b%'ﬂqr%d °’Eﬁ W{SIE‘ES Reeq Fef)%g"a'éscg’ﬁed or

r e- encodgekd by decoﬁa&elregon lahd ot tHeasitirg Bﬁad@%or@ﬁﬁ@lé}@uppﬁkﬂhﬁﬁdl ng
has | er design_than a

powe and is th of ten cheap

P ocliL 1 e Wihes 1 PROAGR B3 Mt 38E6 Beie porHRof st 0ta SeenEs BEeca ng
circuit vigesframeseHTirst &R tﬁ@ﬁmaﬁtn?@ﬁc@ﬂm@l@ﬂo@@w\%e fms:gmhdec ode the
bottomfrarre?rg_'ortlons to t.he 20 téﬂ‘l orm donmi n i nst ead of the way to

the pi xelhaligaaation yepters edpotiqrp: PefisnOfiere m?r@"dlt st°%1 di agr am

of a vi dggrtibh afBndtheév frame. Héftﬁe@déé&ué%rthé% afy fiel Bottont S&rtieRs oftheli gure 2
Is a block diagramof a &(ﬂnnvg E;I onal television receiving-and-display
gegeded BR

system tﬁ%’f‘@ eRffibe RNE Befonp frame; nations. B%FQ'&?W"(?&@BQW th

over{gy baeﬂeé@ﬂamefpohmeGécaese/tr@%pfproﬁm ofﬁi&&l&rﬁe@ﬁeé&nausa agram of a
conventional macro ck of pixels in an imge Figure 3B 1s a diagram of

a convendgendgd omr@@ncre#edpm& RISREISIRG: FiFpvit raaiirasress derpding andsengesling
respect i g o, ﬁﬁ& 'isemae Bﬂeﬁ fastdiCcidary Saddhéé"&suf?&:ﬁr‘ﬁ% Sg?actbaﬁfa fb@égrsﬁ\
C and ocC

Fi gur es are di agrans of conventiona conpr &ssi on
chroma var%@gh@tﬁat'v decpdes the fsames.o SpdBaidhe prasessing irsuwit regmm)gvem the macro

bl ock of |esEd@Edding?And éRcoding power, one can decode the bottom frame portions to the
20 transform domain instead of all the way to the pixel domain.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagram of a video frame that includes a conventional overiay
region.

25 Figure 2 is a block diagram of a conventional television receiving-and-display
system that includes a set-top box for blending an overlay image with overlay
regions of respective video frames.

Figure 3A is a diagram of a conventional macro block of pixels in an image.
Figure 3B is a diagram of a conventional block of pre-compression luminance
30 values that respectively correspond to the pixels in the macro block of Figure 3A.
Figures 3C and 3D are diagrams of conventional blocks of pre-compression
chroma values that respectively correspond to the pixel groups in the macro block of
Figure 3A.
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W 01/19090 PCT/ US00/ 24333 Figure 4 is a block diagramof a conventional
MPEG encoder. Figure 5 is a diagramthat illustrates the concept of
conventional nmotion vectors. Figure 6 is a block diagramof a conventional
MPEG decodWP018989 qure 7 is a bl ock di agram of a vi deo- f rEfrEV§08243a3 ¢ er :
according to an enbodi nent of the invention. Figure 8 is a diagramof a
group of nmulti tter of Figure 7.
Figure 9 is a T %Q}%S%‘io S%gﬁ?:ﬁﬁ&&grgogag\éﬁgg;bel ng %I(r)man enbodi ment of
10 the invent i bigurediga dlag(amﬂwadlllustﬁaﬂesmggmmepbof conwentianabmbtisn accor di ng
to anot heg, §;$od| ment of the invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON T ormatti ng Encoded Video |Inages Into Respective Miltiple

| ndependent ReEigures6 is=h hlock diagram of 8icooverdiongk MRECSS dacodetieo- frane formatter
100 acgording ter 100

I ncl udgs Vi deo?@y@éé&s?ﬁ@@@?ﬁ F@F%f%&g%%q‘@ﬁ%fégﬁaﬁgg%@fm@@ ormatting
encoded vembodlrmm'mméthesmwmios 1-N received fromrespective broadcaster

net works (e.g. fi ro r 102 format
the frames of ’é'gBF? éss%‘g%pf%ﬁgﬁﬁgﬁcﬁ'gAfé?‘dﬁg?g'gﬁ(‘fﬁ%ﬁ@ﬁ%ﬁdfnﬁ%ﬁg 91 each
have nul t frimattendEffigodent regi ons. The proce55| ng circuits 102 t hen provi de
25 the respect oce channe a s . 1- nult xer 4, which
conbi nes all %'puf 'sp? @3’8@9@8%3&3 pgtf?a‘lasccf’?ﬁ@atg @%‘ﬁa‘eﬁhﬁ’ i pl exed
br oad¢astthéideem;omgnal Al t hough descrl bed as formatti ng vi deo franes, the
formatter 100 can b e ned to d|f video fi till imges. For
exanpl e purpos'g'g,"r%ﬁ?e’s 5'83‘5@'?8’%8 girtopibeX agpo@ S@la&(? 6roceSS|gng 30
circuit lermbotindttoftiesiadertiondet ai |, |t bei ng understood that the
processing circuits 1022-102N are sinilar. The processing circuit 102,

I ncl udes a decoder 108, for decoding the channel signal 1, which in one
enmbodi nent i s encoded BETAILGWDES@RIPTWWFG'FHEQNVENIMM that is the sane
as or,Ls simlar to the MPEG conpression 13 I:I | ~' WO 01/19090

PCT/ U Z4333 standard described in conjunction with Figures 3-6. A

Figure 7 is a block diagram of a video-frame formatter 100 according to an

20 embodiment of the invention. The formatter 100 includes video processing circuits
1024-102y, for respectively formatting encoded video-channel signals 1-N received
from respective broadcaster networks (e.g., FOX, CNN). Specifically, the processing
circuits 102 format the frames of each respective channel signal such that the frames "
each have multiple independent regions. The processing circuits 102 then provide

25 the respective processed channel signals 1-N to a multiplexer 104, which combines
all of the processed channel signals into an encoded muitiplexed broadcast video
signal. Although described as formatting video frames, the formatter 100 can be
designed to modify video fields or still images.

For example purposes, the structure and operation of the video processing

30 circuit 102, is discussed in detail, it being understood that the processing circuits
102,-102y, are similar. The processing circuit 102 includes a decoder 108, for
decoding the channel signal 1, which in one embodiment is encoded according to a
compression standard that is the same as or is similar to the MPEG compression

13




‘recei ves the decoded channel signal and identifies macro bl ocks having
notion vectors that point fromone region of a frane to a different region
of the sageomeosmnot her frame. That is, the anal yzer 110BCTHSZNPBes a
-macro block in aregion of a 5 frane if the nacrio bl ock has a notion vector
that points to a reference nmacro hlo ifferent re he sane

|
or anot h&Randazhgescribgd in Foniungtion "f'?ha'grfﬁurreé e odaptionvestor ag’ﬁEB W the
i dentifi esbeipealthe Me@6dEd Shkihel Qgﬁal%dl identifiel inRstréBlotks Raisg mvken a nmoti on

vector pointing to a region of frame that is different fromthe region
cont ai ni NQCtPFf%g?EIBﬁ'FF ?P‘@cPWEQ'G"tﬂfGJRam‘FFP 3 Aikferant seaioR At theisame - encoder

112, re- ai‘agth%ﬁ‘%ﬂ%g 'ﬁﬂit'lsd% éﬁél%rrﬁg{ RieBliféda i hiaced KIB&k P R-fgléh éffsame such
that the nmacro ck has a notion vector that points to a reference nmacro

bl ock5i n freme i Hr?emﬁé@i kipclohas & metine vestor that peibts t,aieference macknkieder 112,
TRy ENCOge, td?ff‘erﬁ@frég r@ dg?ﬂ% éeﬂné‘% SnotRerRAime! AVrﬁ%ﬁE?Whtﬂl’én?e teQ&ridgap val ue =

(0, 0). I'n anot I ment e re- encod e-encodes an 1dentified
macro bl ddRi e%eawdesﬁhe&engtamnxanmbip@kmhrtbat nosidepfifiedrmacre black st er ri ng

F di d.
Lot 907 pdach vidi SRNE el ' PARESRRISI o Faghd | O sousse
exanpl e, contairingthe lﬂ@ﬂilﬂesi macrp blockrdn and enthedimentethe Te@ngoder1i: see non- |
f 118 t
(1298 ePBSa & WO mab S SPRIG of {igé 308F e fre Ao 90k 118 0
120c and hBg 2cmotiers pactor thet pointsTh @ referencer mgtrorhlodio dhe 8dmwe @‘e,gie:tnaﬂed) docﬁupy

h t he
second 1 EPOUE el #BRRarRIE Hie Bhooderel FRF Rodade b dfiaaBhecktEnaly, 00
of the f raametor tectordwith aéguatimnaaluaog fﬁ) Qﬁt m m’fothezreaymhnmemomeM@?gBangeCOdes
122a- 122 t { . (0]

L22e L22uR00h 4 (ESRGRLY 8 BEa MR R o7 R UG PO B e

si gndk. Immtiumevectdrodi ment, the decoder 108, conventionall y decodes each
to its.re i xel ues, i.e., down

T D OCK, R & e DM Rl S bvedd Bk B, 155 o
not decodiisdubsed:. hlaignaé 8 shows adroloof tHretplioso fra:tnegam CP18/@ntii1aBalih thislecode
e o A6 Tl F A e Shd e et I S1 18 s i R e
decode orfhe ¢ieoR 102f fdrﬂnetsrmhcuflﬂh@ﬁ#ﬁms 113, i'ffﬂraﬁd 198ahtomAdltipiereglefedi ng
gfstg Hpa?@ce t he . cos h&ébabqngecodl 07%9@%;4%3 ’I"I%B’qer 108,
not i on- vqwecfrrsmgioyuaqlzoa-h%ckmaaémmgy ties4HAE PSR T UigPer eREdsIfS
the frames 114, 116, and 118, and the second regions 122a-122¢ (shaded) occupy
- the same respective iower areas of the frames 114, 116, and 118. Both sets of
regions 120a-120c and 122a-122¢ contain respective macro blocks 123.
25 The decoder 108, decodes the video frames, motion vectors, and other
components of the channel 1 signal. In one embodiment, the decoder 1084
conventionally decodes each macro block in every frame down to its respective pixel
values, i.e., down to the pixel domain. But as discussed below, because the decoder
1084 does not decode the channe! 1 signal for display, it may conventionally decode
30 the macro blocks down only to their DCT coefficients, i.e., down to the transform
domain. Alternatively, as discussed below, the decoder 1084 may decode only some
of the macro blocks in a frame. Such partial decoding often reduces the cost,
complexity, and decoding time of the decoder 1084 as compared to known decoders.
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fromthe decoder 108, and identifies the nmacro bl ocks having notion vectors
that point fromone of the first regions 120a-120c to one of the second

regi ons 12% g and vice versa. For exanple, the analyggy 3&0%133
identifies ecoded nDtion 5 vectors 124 and 126 (shomn I'n so Ia l'i ne)

as being "boundary-crossing" vectors. Specifically, the analyzer 1101
det er mi nes t hatThelmotibrevabior analvizen1 1@ dthen eia”mmpsitrm decdded mationaetierd| ock

123a in t i f t [ 116 t f erence.nacr | ock 123b
o tner eqfosh B SabobEP Rk and et nd fasla BokS IS oMbyt e dnat

det er mi nespdirtdtom bre dtthedizst regibns1202420¢ toldfe githesecdridreyinsages 1o ck
123c in 10 the reagion.l122c of, the fr e e.nmacro bl ock 123d
in the red® aof o%%)éarwlg.r}geffgﬂ'z?i:rﬁlipsﬁqqt@e%ﬁ‘tecie ﬁe‘i MOUPR| at i ve
frame Il;:ilocateictuns ;Mhmﬁﬂasgﬁmwmmrsmhd bhe)czisSbl ei:@%boaihdarl/?éiés f\kbl%rsf ef er encef
macr o ocks 1 ective ex ra Or,_pur poses o

i | lustrat ::%9? ]f%#f}h yzoﬁ{éﬂ@tg ei"i"@fs g?"é%daeaﬂ'%"t'wmﬁ 3E@PE‘F% 124
ang tlﬁG asfram asﬁacnrabtdw fggﬁwg?&giohm%tﬁéﬂtiiérﬁsté Q%%%c%igé@?ﬁ t120tch
an es s e re-encoder a e
macro bl o ?@Eq% i’é\ﬁé’?gﬁiﬁﬂ'ﬁaﬁr HHR RRAlvZREdBrs. I n one
enbodi rrentdetérhﬁnéseihme%eeodéc?&ioqemeé@biemepﬁiﬁtslfidiﬁ a riddrb ‘blbci(QQBQ rrﬁ for

t he | ocks havin unda cros noti on vectors. For example, the
re- gﬁg’odé e fegjon b&ﬁe‘?'gf'%g' ﬁlq areRse Magiodierk 1230kin b regian 120kown i n
dashed 20 dkmefrarhe r116h%'l'ﬁ@16ifférelh|ce§ hﬁhé%@iat.@iﬁlamémuoﬁ%e&iaewﬁé ihacro

Specifical ly, the substitute nmotion vector 128 points fromits macro bl ock

123a in t hiockeJ22a aMdQZF@"ﬂm%fai?réﬁﬁ%maﬁfﬁ:b'@dfﬁ anEBt23d, respectiveiy, on
120a, and drdaxsgderatel %repdiaééégrbfw&eiraﬁonlﬁ%eeltﬁé %Ea%gmioh %dé}fmﬁé&he' ock

123c in the region 122c t reference macro b regi on
122b. Thu§n°ti?@|‘ieﬁ'€9fs 424 and 126 9s1ressing the (haundand hetwearpiBedint regonsr osses

the 25sboq@éa-rmopehmsé&ﬁdfre@ghs 1984-995c, bARAHAAE 1R SRBaSCHA thdi®0! ONS

122a-122c Imnatin ndary-crossing notion vectors s as th
not i on veé'ﬂ%mctpzbmmzmd 123 hayeémom-cms_smg motio vererst he regi ons

120a-120¢ S0 { ipbnd Bifodiient, the RRERAZIAT 195, ddierdYspbSd TothAdfectoll1 2! 1S,

the first égl ons 120a-120c are no re erence to the second
regi ons 1Jgrdhe aracro blegks having bevntare-giosaing Juotionectars.c Far exampledberev t h no

referenceehgozaéiemhl éﬁerae@sggana?e% ﬂ‘ﬁ%ao?;gaglaina gii&igiifria‘@ghaas are

often calle l'ice termnol o scusse
conj uRlt i dnedipr thernagre dlarks J23a and d@ééﬁeémtheb'n Specificaliy, the substitutecond

;gg' ons Il%%.o \/@@8‘ fag%gg%gscfwg%gﬁ QYRR 128a Wil ngRR®128B o Qlrefelndeedi ONS,

macro block 123e in the region 120a, and the substitute motion vector 130 points
from its macro block 123c in the region 122c¢ to a reference macro block 123f in the
region 122b. Thus, neither of the substitute motion vectors 128 and 130 crosses the
25 boundary between the first regions 120a-120c¢ and the second regions 122a-122¢.
By eliminating boundary-crossing motion vectors such as the motion vectors 124 and
128, the re-encoder 112, re-encodes the regions 120a-120c so that they are
independent of the regions 122a-122c. That is, the first regions 120a-120c¢ are
encoded with no reference to the second regions 122a-122¢, and the second regions
30 122a-122c are encoded with no reference to the first regions 120a-120c. Such
independent regions are often called "slices" in MPEG terminology. As discussed
below in conjunction with Figure 9, such independently encoded first and second
regions 120a-120c and 122a-122¢ allow one to modify one set of the regions, for
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“exanpl e the regions 122a-122c, w thout having to decode the other set or
sets of regions, for exanple the regions 120a-120c. Furthernore, as

di scusseqﬂgﬂ,gy&o al t hough the substitute notion vect or spdggssndss330 are
- shown as g nonzero and zero |location val ués-respectively, both may

have either nonzero or zero location 5 values in other exanples.
Addi ti onakémpleahelmgm 122a-t28vs withatichavirg fordecede thesoth@Bsetandets3¥ are shown

t to t h - ' ti
DO O o eld BP0 1208 0 P B e BRI ot
ot her exahivbiesh thbrsubst&utenbmd:nnmuorsnne and-180cre shovir 24 hgeingmohesrot he

bstitut t t ti | th riate
frane rogherera BratgrualissSssertitel oM ey B\ R B nt Ao Pencodi ng
t he 0?' QV?mbs imsmeg b*fﬁﬂes UAd?m?n?Imam?yughah@smmtmlz tianﬁleefdfs 1250;I 1191
exanpl e, nerate the itute on e encoder
scag thénaégﬁtﬂﬁe $HeMN Hﬂ'ﬂ E WEFSM ﬁﬁéﬁésg"‘%ﬁﬂ T is the best
refer encard&rng%bﬁd?%ctdrs the ahaguzen re%&@@twely"l tayemappsifbrAdifsaht fraimes

r e- encoder 1 starts scanning at the macro block 123g, which is the
macro bl BtRNEREXMBPIBRgi on 120a that is closest to the original reference

bl ock 123b. mﬁeehb&lﬁ%h?rﬂ@é‘ﬁ#eﬁédﬁé‘f1123&ﬁé§&b§ﬂf§sﬁﬂ%ﬁttﬂé hittioal reference
bl ock 123b. Then, as _di scussed above in conjunction with Figure 4, the

" - oA odUPCteTDY ARTEBHoNEIN S5aRING fie BRRIGRIIAS SAMePAINE foT (50 BSRY ¢ ut ¢
ref er encefBiedfe necf8 bldekd 84 tHiin tBor? Bnéifiy MECRightaPéor BeksTibiad | OW t he

re-encoder 112, to perform such scanning a not ron encodi ng, the decoder

108, dec#eBewreferanse maso blpsks. Fpé@(am@edome@@@e thersubstituts meien nacr o
bl ocks, @Eﬁoi' t?ﬁ? Wﬁ%?@eh&dﬁfe’f% égpséé}% thé ?ébcéﬁgtéﬁ‘énég&@nﬁﬁue%% thggi on 120a.

For exa e re-enco onstructe nerate substitute
mot i on vmﬁqw blozk 12Rais theibest reference m blogipinghe vegion & lsonene ori gi nal

the. TenEidtiner 8 b hooddt 19 sl o W 4fRfBLR HOAE A, RARACE 70 Y
vect ors the macrosbioel inthe vegign 120 that isoclesest BBthe originabreference blsucked to
decode ongby,t "rﬁy%%&éf&eﬂgemwgg%gsﬁc?é @grd’rn frfed Fég&%ng?ﬁfoﬂk 1858cks, and

the regi ons of nte regrons 30
cont ai ni Agpenhas dlgetmsed iabaverinceanjuiatiok gvlthFFﬁgureAaﬂrﬂ re-endodeddaﬁ}dnotldr% can

COnS ERUGHAAE BRI S hE's bR BRTL il o (OIS N BRl B2 ||

p0|nt to ere corresponds of the
i denR0f i eeferencedldkot28bl23a. Based upon this recognition, the decoder 108,

decodes the TRg" ﬂo&ltﬁ’& }‘e ﬁlc?o%@r 5?[1“211 t%Gpe%nQ\]s/uég gggnnﬁ)r%r értleS %ﬂg# %ﬁgoding,

the decoder 1081 decodes at least the identified macro blocks, the reference macro
blocks, and the macro blocks in the scan regions such as the region 120a. For
example, if the re-encoder 112, is constructed to generate substitute motion vectors

25 that point to the same respective frames as the original motion vectors, then the
decoder 108, can be constructed to decode only the identified macro blocks and the
frames to which the identified motion vectors point. Alternatively, the decoder 108,
can be constructed to decode only the identified macro blocks, the reference macro
blocks, and the regions of the pointed-to frames that correspond to the regions

30 containing the identified macro blocks. For example, the decoder 1084 can be
constructed to recognize that the substitute motion vector 128 will point to the region
120a, which corresponds to the region 120b of the identified macro block 123a.
Based upon this recognition, the decoder 1081 decodes the macro blocks 123a and
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123b and all the macro blocks in the region 120a, which is the region to be
scanned by the re-encoder 1121. O course the decoder 108, can be

construct ode all of the franes in their entirety | ow t he
e%gotof%sqgg _#c‘i‘?uso&?%i’d

decoder 10 term ne which nacro bl ocks to decode, in one
enbodi nent the decoder 108, and anal yzer 1101 interact in the foll ow ng
manner.  AR8lsand tall ¢helmaoneblodddn titkesgites1202¢ wiithi i thereglonrts béetamndd ane.

Then, the_anal yzer 11 d rmones the cross-boundary .noti ectors, the
macro bl oE’KE“% é'?\ﬁ’ﬁo(?ﬁr ? ﬁ%?%ﬁcﬁuﬁ?gﬁetdkgoﬁgf éﬁ@@gﬁﬁeﬁgnﬁ&%‘%@/$8d%i ch
t hey poi ntll ohitha ftamed inaheir eatiretiessgi ons  t hat - contain the reference nacro
bl ocks. 10 Nex he notion analyzer 110, provides e, decoder, 108, with
the identifi es'i.6 Sho"f’#ée ﬁ%‘fﬂdgf ﬁéﬁ‘c‘%{efﬂm'%‘”&‘%é@a—%ﬁhﬁaﬁy‘ﬁ?ﬁ"fjﬁﬁn\?@& ors,
me reser emgedml 2@he biémdesnow%hdmlmpgophm iﬂ\fhg_tfﬁﬂbvﬁiﬁr ma(rjrme'r.gns t1 ggt
e re-encoder , W scan ri ng. notion re-encoding. e decoder :
t hen deco%g‘s't’ fr}?eie&@%?lé% eéﬂd%&edngtﬂﬂ‘b‘@?@réﬁq Eb{;%'vﬁdgge'?’ﬁ@e 8B8¥ERId macro
bl ocks t 0140eddtermRines B créde2boiidary fitidR vadtatsy Y madid.blockAlté Whithithag! v, to

decrease its conplexity and encoding tjme, the re-encoder 112, can be
const r uct B8lopg, ‘Bﬁrﬁ@fﬁéﬁ'éea{??cr?W@“g%&”pmﬁ@em'f‘bﬁnqgﬁf@@e §&R1 FRgIIScat i on

val ues of tiaRe8ntailthe réferéficeadhasioblekseed to scan a franme regi on because the
substitute reference macro bl ocks are inherently known. For exanple, to

gener 30e 20 + Xt thametRraraiyzes | 10ceruides 15 tesaden 1081 witttheeriBen e of
Zero as sBPWa rhakrbbiteks _ha&ng%?&sﬁﬁﬂﬁﬂﬁ%éﬁ%clt%eﬂe Pe¥eretic@Mddi§ T €gi on

122b for the best substitute referencé mac ock because it 1S
const r ai nblpcks anddhe macke blogkpindbe searsregionsithat the ierencader 4 12ewdlissate bl ock.

That is, gbﬂwgfh%%n ilc-?-éﬁct?&ng}. hﬁx&&édbd@?ﬁ@éﬁpéﬁ dBLSdS tha idbhfifled rads the
vector 130 a 1ocation value of zero. Therefore, W thout scanning the region
25 122b, blesks andpeayities the decadadapacrotbiecks te the rezaicoder 112e viatbst i t ut e
referq:glceahgg?é?"@q[d t hen notion encodes the macro bl ock 123c using the
substitute reference block 123f instead of the original reference block
123d. Al t houghAlternatively, #o decreass iRirerplesity ard engodingdtime dhe tvapsagdert han t he

scan encogiacARRLeomiicRIN GensCRILPHE ERSAIHoidrfvaiidie Balfif foitbhCl ent.
i.e., generates nore bits per pixel, than scan encodi ng. anot her
enbodi menvalues of zerohdhisreliminates the nesditoscan p frame agiorndbecguse the  t he

re- encode 21 1 Fe‘?ﬁé he Ldengifi s as (-
encoded b%%%%éﬁ % llﬂ%fﬁ t a:rﬁét{ﬁé;‘? cggg%ﬂgnﬁp FI%Ene\’/‘g@t E?ié&%%géaﬁpéﬁg%dl ng |( S
f ast e20 1 7thel subgifiutel motion vectaT? 30d0avires @ fRation value of zero as shown in Figure

8, the re-encoder 1124 need not scan the region 122b for the best substitute
reference macro block because it is constrained to use the macro block 123f as the
substitute reference block. That is, the block 123f is the only reference block that will
give the vector 130 a location value of zero. Therefore, without scanning the region

25 122b, the re-encoder 112, selects the block 123f as the substitute reference block
and then motion encodes the macro block 123c using the substitute reference block
123f instead of the original reference block 123d. Although this scanless encoding is
faster and less complex than the scan encoding described above, scanless encoding
is often less efficient, i.e., generates more bits per pixel, than scan encoding.

30 In another embodiment, to further reduce its complexity and encoding time,
the re-encoder 112, is constructed to encode the identified macro blocks as I-
encoded blocks such that they have no motion vectors. Although encoding is faster
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‘and | ess conplex than the notion (non-1) encoding techni ques di scussed
above, it is often less efficient than notion encoding. In addition to
re- encodiwe oi/sdee denti fied macro bl ocks, the re-encoder RCPUSIR4AIBncodes
‘the substitute nmotion vectors and any other decoded portions of the 5

channel 1 sj naI royi des..the re-encoded channel S al, mh'ch

i ncl udes2ihig SP@@ME@&“\% metien &Qﬁ&e??ﬂqﬁ%ﬂ Yeé;g 'qu?%d'isﬁﬁ%%gr?&gﬁ? Bgi ons,
to the nyhdr lebS SRicichPthan efiorféneolingt he above described frame-formatting
enmbodi nents, the decoder 108 onstruc t o, decode to either
t he transf or i@sdtticn tgfe—pgcqcmgt%g 3@"%&8%9{0%5@3 r?‘ﬁ@‘:?%fwﬂ% ®1inear
transfor gnedds tﬁ@s&bﬁﬂﬂéh&éﬁ ve@t%?s S any ofHer dBEO Y ;ﬁﬁ‘rﬁ&ﬂ‘ﬁoftﬁéld | encode
usi ng_DCT coefficients as well as USIQ9%F! pi xel val ves.

rt
al t hotighChatEh &aenahemqjawomeegéwea?@ (ﬁﬁ‘?f‘“%‘lb%‘ﬂ%a"l‘ﬁ@'f 'Ti‘éSIPs tF’%nd 112, |

the procgsshdiielivided framéLfonfBited Mid H\‘é@p@ﬁ\%rﬂﬁe@@ﬁ@ tb ﬁfé%ﬁhblé&epi ggLessors
that performthe functions of these circuit blocCks in hardware, software or

a conbinati oﬁpr@nwﬁﬁm@b@vee@ﬁ;cgm fwn@-fom@#mg gmbodiments,he gecedetescr i bed
functiong %%dﬁar?’e ﬁ&dﬂ%{e‘&rta‘agcbdb %Wﬁfdjﬁihé?ttﬁ'é’frﬁﬁﬁaﬁn tBRai Jpﬁrstﬁ thded above.
ttons of the

Addi ti ona ugh shown as rectangles at tops an
frames 1pixel d_qaamaMcaqse therRCT s tinrartrzosformo thexiecenceder 1121 capa5ane

| d
o bl oMBHOG BRESS, Ut eRobd udifig PR cokirciATES ol M BHEI AINKS! | )
i ncl udes t he Fetfiesmon, reithougihshewiag icluding $epasatercircuibblogke: #d4#0-channel
; 3 vt | "
o 9l 4025 5 BRI B SR of e SRt b con
with a vihdtpefommthe fagctions mmmaﬂbwcbeimhardwamrspﬂwatem with Figure 9,

the incr

ot ocess: ROTBAIT pLhdtErE R RS, AdaRGHEL, WEa AR baF siclER: | o

i ndemépdm:ly becpgrionsediin an ivedermtieerithamthat Hesdribey aboeer educed conpl exi tyI iand
cost of the s t act ua
very signifi cgﬁq' @%@aﬁlg&p gF“@Wﬁ) r?{;\gngleg 5? hﬁ@gg arﬁ@ohwﬂ? 8?1% d
t ypi cal | frames 1145146, add 118, meaebioasdﬁﬁaamcmwﬂlma-mercan\hellbcahed hundr eds,
t housands ons,. of. set-to0 the co ned cost

savi ngs. PEFVDRE lyniton SsRRRLR e pRL g e et B ener RERINS: ne
I ncr easeth orsémbbdimesit,cthé prapessiag tincuinl 0 rindi(fes meaegloaldirﬂenswmnq of fice.
bl oc 0l IR e feRag e FhapRe e S5 SleayPaettbelon s omlyfeton with °
Figure 9, a set-top box can use this dimension and location information when
blending an overlay frame with a video-frame region.
As discussed below in conjunction with Figure 9, the increased cost for the
processing power that allows the video processing circuits 1024-102y to format video
25 frames into multiple independent regions will be more than offset by the reduced
complexity and cost of the set-top box (Figure 9). The overall cost savings is
actually very significant, because for every frame formatter 100, which will typically
be installed in a cable-company office, there will be hundreds, thousands, or even
millions of set-top boxes. Thus, the combined cost savings for the set-top boxes will
30 likely be much greater than the increased cost of installing one formatter 100 in a
cable-company office.
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an enbodi rent of the invention. The system 130 includes a renote control
132 and 5 an HDTV receiver/display 134, which are respectively simlar to
t he renot 12 and the receiver/display 13 of Fig system
al so inclﬁﬁég gﬁth top box 136, which bl ends overlay f?ggigéqh regi ons -
of respective video franes. For exanple purposes, the structure and

oper at i onMotif¢ibe Aadmatid Reglorli scussed with reference to the franmes 114,
116, and 118 of Figure 8 and to an EPG as the overlay 10 frane. It is
under st ood, Ilcable to video franes

d
having a di ff WF%'&@E@t éaﬁamsfﬁ%%?‘f'?@?é‘?ﬂe 60 8Y$iey F30Arcerding:iver al |y,

in the das emamaﬁaﬁmeanvémbnb%eh@&eh{ £30lnclubes Brémotd doritlof 132 gh®NS
116, and 118. Because the regions 122a-122c

122a-122 1
ar eaegoggﬁhqﬁrgﬁgwagﬁép?yﬁpq Which ags ispeatively. simiar, t°t“|’®’ﬂ569<te £9Btréleed only
decode ant aRd ife :@ﬂéﬁd@dzhﬂay r1SQ1f‘Fig%ré22ﬂ'hé%§§terln-2r$I§6 HcRides LR ﬁmé he box

136 need ?é)é cl.‘eéb@ $ gencode t he regians Qa-120c, it can have

si gni fi caht®whigsRlends,averay itames uith ragions, °f&?§PeFHYSV'€%f"BE"°§1 erficantly
| ess expeggnysle pidses the %ﬁﬂd@ﬂé hdaperafidn 6Re Be% 13é1s diSbiehdes vﬁﬂq whi ch

nmust decode and re- encode frames in their entirety to performthis

bl endi ng. fefefengrtodhe "IE‘H}S'JSb'HX4 136 and HﬂaOf@@-!f@rﬁaJ{wOlﬂﬁbEBG@@ the pvesiayssi ng
CirTcuig Iifme. Wit GRddrseel)Rowaver RS PR isdlibiohd & 48 YfRdfrapaleo si gnal

froma cable or satellite conpany. In response t%ﬁl %annefq%8 ect si gnal
froma comaMing? difiesnt formatiing and:tecdifierentevedey frames2 Grnesally, mlthe.'es the

br oadcast gigkaa ple! e gméﬁéfﬁe%vbée’ m\@ﬁ?ﬁ& FlfgLE}F' 12°2a9{‘2éc "

overl ay-regl on ec I ew an overl ay
franme sucfharags Y E‘F‘@, am;ﬂﬁaaﬁepamwtbg regions t2da- &mremlcodem to generate an

overl ay a&pﬂ.@ 4 signal in
res ponseq'ﬁ 0 en@)gﬁf tgg‘?Q%BHQ 1%9?% rt %%g%%ygééfﬁgegsgéﬁéﬁ%fegnal t he
decodér Ilencode trieegianscl 22a«132gy Therefotes becatiseline box 18Gineéd adtdevedeons Wi t h

Flgure 8. ohcoqe s (e 12921208 R R Halk sihinbely Wl bRassBLAMAIL 1 0, 1

22c of t Hbam.ramelbus_w be significantiy less exmsmetthamt;ze céuventiopalsettoplboc ussed

e aver 4 HALRG 2 i beSUBUE oo BGcHAS BlSHare IBRRBRAEG, | T 0,

19 WO 01/peyfoop thishlandd@. 24333 down to the pixel domain. The decoder 144

does t, hoi Pqﬁ%pg% Oy + 120c.
Therefore, t hg-r hg\eégggo é#(}\ﬁ? gg&e% olle\@%%éegdgw&gghg %ﬁﬁ’/@f ay frame
regi ons MiHch rezpives raneancodecpunu!tlplenedlbﬂoaddist viled sjign=éfrem a cable or

satellite company. in response to a channel-select signal from a command decoder

140, a channel selector 142 démultiplekes the broadcast signal and provides a '
selected video—channel' signal to an overlay-region decoder 144.

25 When the viewer wants to view an overlay frame such as an EPG, he
manipulates the remote control 132 to generate an overlay command. The
command decoder 140 generates an overlay signal in response to the overlay
command. In response-to the overlay signal, the decoder 144 decodes the overlay
frames and the overlay frame regions with which the overlay frames will be blended.

30 For example, referring to Figure 8, the decoder 144 decodes the EPG and the
overlay regions 122a-122¢ of the frames 114, 116, and 118, respectively. For
reasons discussed above in conjunction with Figure 7, the decoder 144 decodes the
EPG and the overlay regions 122a-122¢ down to the transform domain or all the way
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‘through the undecoded non-overlay regions 120a-120c to an output term nal
146. 5 An overlay/region conbiner 147 is coupled to the output termi nal 145
of the d%)(ﬂ 0844 and bl ends the decoded overlay frane®Cutsno2433 decoded
.frame overlay reg| ons in a-manner described below. For exanple, the
decoder 144 blends the decoded EPG with the decoded overlay frane regions
122a- 122<dowhrtocbhepb(awarwnoﬂ'hedeentﬂmdm4dmr‘m,hmmydede'chée tieemated over| ay

o ao ey Bami Toalns DAL TA0E  PhorBR R Iha UebSaad oAl teRech el 100
148 r e- elER@Eandoverld) fearde degione12204122@0m anegipun tertntizh 143 2and pesseane buf f er
150 receives e re-en ed overlay fra s fro coder 148
and receitloug %‘ﬂée H'ﬁ%@gﬁgﬂo'ﬁ(%e%@'e %ﬁe%&g?aﬁaufnﬂ'ﬂﬁefmﬂ%ﬁ @goverl ay
L e}g } o] deg Odell\nld%rlaw:?ég?éh edmbingn147 s ¢dwematbgmf ottputterainal 445 ofl'ﬂhe frame
uf fer 15 stor ode ne,re S in ectlve
buf f or & T i pIEnIS B R Go0es, sV S e with BEancoBed Bome VetV oot f or
150 storee«};. hem almm‘aeﬂeélsoﬁaed PERW. Ao @l tﬁaeecouéequmaud&lmét set of
buffer sections,_ _and stores the re- e coded over| a% regions 122a-122c in a

second sd&lecgdedEPGith therdesadeq pyeriay %e%@??%ﬁ%z 2Ghown in Figure 9).
The buffer 15Qﬁa@ﬂag?é§4¢rdeseﬁéweeqase@JeﬁcéﬂestthebnénUéabvéfréyﬁ%ends sets of

buffer sections to the dis such he regions 1I20a and 122a are
provil@ed regiogs slswgwenwaweal %rwedsls tgehniguesssimilatiaithene discussad ahaven | s

simlar t&%@uéﬁ h é 4l 'F% fe fHedieLénchder W‘iééﬁc’“bdb@%é Hnbhaé‘és of

the buffer ents t e bu fer 150 from overfl ow ng
underflovﬂwgabffal’!@rrﬁg’@ﬂﬁﬂﬁéa'tm%cdegree of quantization used by the

re-encoder ?@frarﬁ@%uﬁérsﬁt céﬁé d?i@g o%ﬁ@ ﬁ‘é(rfletr%ﬂﬁ@gl ik l'ed video

frames fromt set-to g| ven e ay 134
di spl ays retencpdent4s a;mrecgwes th&almﬂepgde%aonwgetmefrﬂne;rﬁamommﬁ\ai8‘@ ons 122a,

122b,4 qnvglrg? re,d@? BESIdeY S Raé”&sﬁﬂ?&ﬁg\% thebé(utﬁl‘ﬁ‘i%lﬁﬂ 180 ’ﬂfe fgé]'ﬁgd' ng

only the ove ane regio over anes Wi | | ended,
t he procdudieng5e stases themee@dedmdmammbd frammﬁgms imrespentiee buffar | ess

T thel 1 SehBROIPEASRERRNE i ifich e | S FSARAITIR bufer T6RRTCL B © O
di scuss edJruiegodzed norc-ovgriaygegions d20a-120gin & first setef keiffansasitiops cand stores| udes:
L o 0BR8Pt Bl SORe T 23 RS el Dl RO Bl 1
20 sections not shown in Figure 9). The buffer 150 then provides the contents of the
first and seconds sets of buffer sections to the display 134 such that the regions
120a and 122a are provided as a single frame, and so on.
A rate controller 154, which is similar to the rate controller 80 of Figure 4,
monitors the fullness of the buffer 150 and prevents the buffer 150 from overflowing
25 or underflowing by controlling the degree of quantization used by the re-encoder
148.
The display 134 decodes and displays the reassembled video frames from the
set-top box 136. In the given example, the display 134 displays the frames 114, 116,
and 118 having the EPG in the regions 122a, 122b, and 122c, respectively.
30 Therefore, by decoding and re-encoding only the overlay frame regions with
which overlay frames will be blended, the processing circuit 138 can be much less
complex, and thus much less expensive, than processing circuits that decode and
re-encode the frames in their entirety.
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information to properly configure the decoder 144, conbiner 147, re-encoder
148, 5 and frame buffer 150. This allows the cable or satellite operator to

change th 'm;hsi ons or location of the regions 122a-1 o
requiri nge‘Hg(rayware nodi fications to the set-top box 136. en the viewer

does not want to view an overlay frame such as the EPG the processing
circuit 138 doksoneembedimentas tiscusseddbave indeanjunciine withFigore fethel0 channel

sel ector J:ﬁ%nn%? %@n?@ﬁ%lﬁ@gs fﬁ%ﬁé&ﬁio&g g\m%iﬁ g&%gpé&ivghfﬁr@sz Thq gy fer 150.

Speci fi cal e-contro not" gener n overlay command,
and t hus dirmensiansmfiite thgionset22a4122¢0and thetproeassingt circuitd38wees thjig  si gnal . I n

th b . i, ' | 2V . eqi

through ¢ RECTHtoh AR RenfuB e gectel KEL Bl 197, feEGiteRs 4 rhe "
channeb sahedmowe buffer 160.1 Fhistatlows tipeitatile onsateliitel gferaiéoto ehamgpltiee referring
to Fi 8. the decoder 1 f decodi and . th th
undecoded PeliRENASY igegon ob the B8lonS 133e 1938 B0 BaufhE notBre ¢ oy mi nal
146. | n onmdifichtichisorthe sébiop\box,136he decoder 144 does not pass through the
EPG t ith t tput, t ' | 145 d 146. That ,is, t d

144 prevents «Abepioe BEUBHHoos RN oMo, arNABY famieish 1B 8BS o ¢ he

gi Splday 1the ?ﬁueéfdnqmuﬁ,mamgmt ?dmeeském@(i;hﬁ:odéd@vidéeﬁam fropd thei de aI
eco overl a rane ecC e ra regl on on, t he out t rm na
La. “T0le ERmielariody 125 bl &3 gt huSuth Bape damp ke 1bGe.

Ther ef or e Spktificallly| thetremmotd eantdbb932 6664 Netgenerate aflveigfcodmMmang, dntvt, 116,

and 118 in their entire fr he output term nal 146 of the decoder 144,
and provi tt‘ﬁ@@@”lﬂ?ﬂéi%ﬂ@%f %‘#qeérﬁ?é ggﬁe’?f*?ethﬁi%’ﬁﬂéxls'ﬂgﬂ: Isthe | referring

to Fi gur eafiserice d?fife 6VEMaglisighal, e otdifayl r_é?i@ﬁtdieﬁﬂdertm pa2¥es thoudh thee- r egi on
conbi ner 147 bl ends the overl %?éf_rarre wth the over|ay frane reg ons on a
pi xel - by- previquslyfnceded vidgo famiRsp i“?ﬁ{ﬁlenﬁrle%fé"'ﬁlt%aﬁ‘ﬁé‘.e' seleeiar fifelding i s
definesl byhel diRplitabmiinaiNaies Forlekamples Peferking iBb Fiflfs! spiheclechdérimig= (a) X

pi xel value 21 1: WO 01119090

(frame pixel val ueé +d$ﬂ]§-'a?1 x (overl a¥ . ,
PCT/ US9Q Padarms ne,desading. apd thysRasges ihemndesaded framgregipes 129a-1200; ¢ i cul ar
EPG pi xel ah@Y223-a228t04k)outgut tetimsti 946! NeondlembBdirent, Hdwaivet, ftlse EPG pi xel
conpl etely bl ocks the coincident overl anme-regio i xel (franme plxej)

oom vi cwllequar 144 dosm BotAssaNEuED e ERE o sithel of 5 pHpLEisHinals 148
transpar eghd 148. ®hat i8; the deB¥AeTEI44 i Prevdis PR/ Proéedsitg difdtit R3S $oni Sroviding
20 the EPG to the display' 134. Furthermore, because the decoder 144 does not
provide a decoded overlay frame and decoded frame regions on the output terminal
145, the combiner 147 and re-encoder 148 are effectively inactive. Therefore, the
frame buffer 150 receives the undecoded frames 114, 1186, and 118 in their entirety
from the output terminal 146 of the decoder 144, and provides these undecoded

25 frames to the display 134.

Still referring to Figure 9, in one embodiment of the invention, the
overlay/frame-region combiner 147 blends the overlay frame with the overlay frame
regions on a pixel-by-pixel basis using conventional alpha blending. Alpha blending
is defined by the following equation:

30 o
' (1)  Blended pixel va:l'ue = (a) x (frame pixel vaiue) + (1-a) x (overlay pixel value)
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‘5 transparent, then a = 1 such that coincident franme pixel is opaque. For O
<a<1l as aincreases fromO0, the EPG pi xel gradually fades out and the
coi nci denyohi/ed¥ep pi xel gradually fades in. Furthernore, pCrosesdsaal pha
“blending is a linear functi on, the conbiner 147.can performit in the
transformdonmain or in the pixel dommjn., Thus, = a | scussed. abov t he
overl ay K‘éﬂf'ﬂ‘ﬁ%‘é@élﬁ%mﬁﬂﬁ“ ed%@Bﬁ c? Hea Rﬁﬁ%‘ab'&&’gi@ng(%ﬁ'atvwéxe?)eg| ons
122a- 122 ddaigtit! hefl o 2 0vduch thathife EPESKkE dBniemiy bidtksthe coihgigentdomai n.  In
an enbodi nent where the over| ay frame i s opaqu the re-encoder 148

ue,
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t hi 120a-120¢ to h ff t
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| evel s a§°mP'“ﬁb%§ caaeﬁffem'tgm Ff@etfqrﬁfqrﬁbd%ﬂérof in Be Rixgl demairt. B he 20

region 13@a.srces§éapascﬁ@ m&&%&ayregm H8&bdeh 944 4R deBSdthelhscrb bidtks b1 4. That
is, the display 134 uses one dequanti zation |l evel s to decode the

regi 38s !m)r&smé 22gri225{bionea 8)sf&wrb¥° meq@aﬁhﬂﬁmmm pethe pixel gomaibde t he
regions’ 122a- membathuﬁr@’?@ﬂ'}b%ﬁayﬁaﬁmerlgéﬁ@é \fﬁel%% bt 7481 0n levels

needed to decode the regions 120a-120c are co t'i enal enerated and
i ncl uded pravidese telatively high gHebepgf quaatizatiandevels taipresenve th%h'QPBgur e 7 and

are passﬁ'gqﬁgﬁ%%lh th@ owﬁa\pl’ré’ﬁeve gidrs! Ibé(e%aﬁonlé”refﬂe@%ﬁ[ﬁq:l&ré%ﬂﬁ's @éa 129¢

Li kewi se uanti zation nee deco ’ ons
are genedggee of guantization shagiens tlumedgasmfrtb@&gﬁ charactags (hptasimwr'r @gi ons by

the 4g- eg@ﬁgg) @ﬁg%eﬁé@ggfmgw R RRSSHE daled %sﬁ%{oé%%etjtﬁeé by the

buf f er i SCUSS ove for the re-encoder
vi deo- f r segionit2fa- ﬂzu‘rcgto havetdifferegiGyuantizatiop-levals than thd segioms t2222122ale t he

exanp! o, BotPefHusk 1o MR a0 Y80c B | BT aAsTlls MRk bl ey 4SS ed P T
a first abovmlnopmajurtchen mthé-‘rwde?—&l.m dnsplayldade:anaiablly thangadtso bl ocks of
re- ensouafigdiat el et Mo Rom s S5 R Meldnb el SERBRR IS eta: ¢ hoy
have20 nmotéegion 1204 wmewegnbnlmeau-@urmglhmecwnr@ of thé &am% P tTha Isatey
efficient, if the EPGis 5 siatlonar opaque, since all of the macro

] oors. | Hisplay T4 s one 52 of SequATIFAtievain g daiasierthe feaions i20es 150

and another set of dequantization levels to decode the regions 122a-122c. In one
embodiment, the respective dequantization ievels needed to decode the regions
120a-120c are conventionally generated and included in the channel signal by the

25 re-encoder 112, of Figure 7 and are passed through to the dispiay 134 by the
processing circuit 138. Likewise, the dequantization levels needed to decode the
regions 122a-122c are generated and included with the re-encoded overlay frame
regions by the re-encoder 148 of Figure 9 and are passed to the display 134 by the
buffer 150.

30 As discussed above for the re-encoder 112, of the video-frame formatting
system 100, the re-encoder 148 can re-encode the macro blocks of the blended
overlay frame regions in a number of ways. For example, referring to Figure 8,
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Alternatively, if the EPG scrolls at a known constant rate, then according
to a third technique, the re-encoder 148 re-encodes at | east sone of the
macro bl ogﬁ ;I%wlrave notion vectors with constant, nonzegqsheaisspn val ues
based on t SCro

the re-encoder 148 can calculate fromthe scroll rate how far a macro

bl ock i n adverding toomfiR Bchhiqguacthereiencoder 148reencaodesall theagaaro bkeRs of t he

next frang, . 1 C [N l,cal, dir | t
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opaque bu’?'l tsﬁg'esfemgénﬁetpmthe characters are transparent to show the
0][1 gi nalzoscenﬁ!tehﬁhtﬁzblygnfmd IBBGIsz?ollstahGﬂelb?m&;lonéﬂahﬁat@*tmlﬁdtdmwwgnl que is
often i i cien ecaus relative ar re ual s ording to a
Pourth ¢ I RN e B SaoeIo 4 ResTicotin Stinas Sorte ol i o BGER &, P e

regi ons %v&néﬁdd ve%féﬂsWltﬁ%h@l&nem@ﬁﬂer&goc”ﬁloﬁllvaméﬁ?o@dedlbﬁ% sdroll fe@) uncti on
with Figure 4. For exa e re-encoder 148 re-encodes the regg 122b

CH
by scthni Heptisd tP%@F’G‘H r;gtgg%lc?'lﬁtamemf‘é% Ee-gRRAdsT A3 ERA caldiate M daBier at i ng
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t echni que reqU|res t he | east processing powe the |east efficient,

the fourt1eoiodct2 oftke peddiames if the %%@tscm"éd'égyﬁﬁgab@m'owheﬂ thea he nost

efficient moﬁ&iivé&isr [seaRRd/ahied vbuhbéQOtY‘)C Whefd e vfaﬁ.lé of"ﬂlstlfﬁs%%ﬂ thddecause the
rate controller 152 ensures that there is no overflow of the buffer 150,

t he | owervertical seroratec Conversely, 5th%58ﬁtﬁmll$gnaézgﬁlﬁp@fabdquq#engtheam t he
| osseg i %Bﬁérﬁde&%?!r lBE'ého?ﬁraln%%%ﬁbBQXPﬁP%é?et hehake 6f%&eo%saa>énfthé>w up as

undesi rabl e vi sua acts in the " overl %rane regions when _an overl ay

frame |i keorizeatalseroll ratg; Ihisde-engoding quhp%ms particu/209 fﬁ‘w@z@ if twy EPG is
referri ngodLyubl @&rfeti?nes' Ho\ﬁéﬁté?dihE‘Eﬁé :.W?&rdbahhe' %Qﬁ§'th8‘tﬁé‘éﬁar§3@r§Ver | ay

frame havearelatlvey igh visual quality where the overlay frane

regi on i saredIpague butthp spgess ketwepn mgﬁsactg@@reérﬁnsmeh@rﬁhomhe frame-only
mode dur| | Ik WS ré-ekcdding R to reduce

t he nunbe(?ﬁquseghe lhth eh??:ﬂg[enc ed c aéf‘me SII gngrn|ﬁgﬁ{%6¢%€hnl que,

whi cHQ s loefﬁelﬁnt:beqauae DfslﬁhitVBleaWeSlﬂu%‘Rground “virtually insures that
the frame buf ferq i #Wd fou Rﬂtte&iﬁ‘?itf ﬂ%ﬂ%a&@ﬁi&%e—?ﬁ%ﬂ@?ﬁhelﬁ@nms a | ow
at

degree of quanti zatlon to:gener ual1ty over
overlay frame reglons usmg full-scale motion encodmg as dlscussed above in

conjunction with F:gure_4 For example, the re-encoder 148 re-encodes the region
122b by scanning the region 122a for reference macro blocks and then generating
25 corresponding motion \(éctors and residuals.

Generally, the ﬁfst technique requires the least processing power but is the
least efficient, the fourth technique requires the most processing power but is the
most efficient, and the $econd and third techniques fall in between. Because the
rate controller 1562 ensures that there is no overflow of the buffer 150, the lower the

30 efficiency of a re-encpdi_ng technique, the greater the losses incurred by the re-
encoding process. Theée losses may show up as undesirable visual artifacts in the
overlay frame regions w_h'en an overlay frame like the EPG is viewed.
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frame regions. For exanple, referri ng to Figure 8, the conbiner 147
conbines the EPG with the regions 122 of the | franes (like region 122a of
the frangydafioogd 10 stores only these nodified | franescingstonassr ane

"buf fer 150. The buffer 150 provides these |I franmes to the display 134 by
repeatedly sending the nost recent, i.e., current, | frame (or by

i nstructing tStdl referpngio AigurerD in em@dmrys whers &!S desired thatdhe overlayane)

unti | hﬁarﬁgmbggre?a‘i'zel?m@h]ﬁ ﬁsrf'anﬁr g g?’%epé %iﬁfér&( ﬁ?&%égrb nfi§ @M. Because

the ratio of ativ ow, for
exanpl e relditelytiaege, thetprocesser 488 gamindelement aawemeeanhymwerdunng whidte

0N~ EPG {63015 kE0h 3%l rdrhe IS dRE b Tedite ROAGHBer AR RYSL LT Y

notion mg Al " BE VT e b roun regions 122 as
wel | .5 Buendosiedichanseldigrjatr E&rsrtenhmque. whmrsrsloh‘tencallgd skippingtthe di spl ay 134

di spl ays " nly a
T ot T PSSk VA fsded ot Fie ol Bt 160 A R Bua B wiiar e 80 ¥, 2
vi ewer i sncodee 148 &ekallwﬂeguqunhntﬂatlomtogbnerﬁmrghanahth@vbﬂakground t he
erky nmoiion duri EPG fen OtIC sat | east
Lot DolrahR BlonE Y Fht an fefithing 1 gk 8 IPR oBBREy a7 Shmbhelite “over 1 ay
frk ame Ih SEgGv&:m&w?gmls 1m¢fihhe:mames qﬂ(etr?groh-ﬁzaamemerﬂamé ew)rmwe It?] to
SKI e aC n on e non ver e e
orer10y gl Todned's 756t i toaitpnee Bt B0 Theutn T88 BRHest egi ons
123 ?L t fresélr frrearrassottr@e a?grapufsheuy réE@atebetseﬁembltﬁel Atost téﬁgﬁf 04), ?gr?réh@TEPG
an e er ons ra CO I ner e
ool nor [ amedteby fstiaing b dispBy/54 g aPaeedy Cralay s CUMERUVET®kh | hat
the bl epdfidhé egmdimer 142 ahaveeﬁétrdmlmsqirbwss tﬁérﬂeiaufﬁfaerre 18écdusenhe onbi nes
the region, 120 of the current frane wt he regions 122 of the current

| franme 9 qfﬂéraﬂt?sstewgéddemesrrmcﬁoP r'ﬁﬁ%@t"’er'\é?ﬁ’e(fﬂrle&‘émle Harbedre, the
di spygy ?rﬁﬁe%rﬁ@hﬂiﬂ% rﬁssﬁca&bqaqt?%mroﬁqe the ﬁ@iﬁEP@ﬂérﬂQ ré@éxwhzmmrfltw in the

reglons 122 and jerky notion aon In the regions he processing
circuit EBS isdwt apa@i%éh%%q@dwthmnéﬁwht ao be vmlem thedergkgropnd<gdo/ 24333

EPG wi t hi{depa\ihioR¥ 122%% EiR ppeslsd diith jeMg n%t%% visibid bﬁlgWhrIBQH@ nor nal

notion in the regions and jerky notion’in“the regions Referring to

Fi gure 9f lsalathgcrrsméss:ﬁhptfé%ﬁ at@cam aalwréwaalbtt@niaysdne {ERS farenly a 40,
142 144 re|difubly &M fractidn ﬁ%/ﬁe“r%otai Oiewrirg%‘fﬁé S4Hd Sécraﬁk'd?]%hel\ﬁgwgﬁiﬁ rhérel ude one

5 nore processors that performth ffuncti ons of ese circuit blocks in

har der elikgly Bb’r:Q'W?ﬂé’ateAHU’ih?lEﬂﬁFh%n the rb@cmreved dbs iarkypewgtion AEting FPGay be
perfor ”Eq?\r/]\{)hvgz‘@ d?feﬂeifnnoﬂc;éé%!]eetopﬁnattl@é”ét adEsstablee tﬁ?giéﬁrer Furt her nor e,

al t hough as part rocessing circuit he conmand decoder
140 and the cRefending todfigdnes 8 amES veiere the overlay frame is not opaque, a

moadification of the I-frame-only technique is to skip the background only in the non-
overlay regions. For example, the overiay decoder 144 passes through only the

25 encoded non-overlay regions 120 of the | frames to the buffer 150, but continues to
provide the EPG and the overlay regions 122 of all the frames to the combiner 147,
The combiner 147 and the re-encoder 148 operate as described above such that the
blended regions 122 have normat motion. The buffer 150 then combines the region
120 of the current | frame with the regions 122 of the current | frame and the

30 subsequent non-l frames, respectively. Therefore, the display 134 displays the
blended video frames having normal motion in the regions 122 and jerky motion only
in the regions 120. The processing circuit 138 can also be designed to biend the
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be separate fromthe circuit 138. 10 Figure 10 is a block diagramof a
set-top box 160 according to another enbodi nent of the invention. The box

160 is sim the box 136 of Figure 9 except that itjalsemeRayerts a
HDTV vi degws%ﬁgﬁodom to a standard television (STV), i.e., Q? ower

resol ution, video signal for display on an STV receiver/display 162. The

box 160 | rEPGAAM the RiBAAPRNHSCIZHch it ne BRIBII Tl hdle ddimafi® 15

processing circuit 138 o igure 9 except t udes.a conventi onal

decoder 16BotA the regions13%3nd jeptymootion inthe regionsr 122 168. The converter
168 reduces th ( ' het, | Of of the
frames that t h?eé%?ﬂ?g%Fguﬁgﬁth?uggﬂg ﬁ‘gm%?séﬁpg‘ffﬁﬁg I.sgé‘ésrgfésc"%ﬁ%\%ﬂo%% he

convert er 1f@81ﬂ%en1%ﬂﬂ6rhfwﬂf5§- andeths theprocesser cineuit 138may inciideronewr pi xel

domai ng  Afisrd/tbedstrs ipd b dffigRY of fiEBd et o IF RalhE gy OF LN

sel ected channel signa I chever domal n ~oconverter I's for.
Fur t her norseftwaess tienally dibe @bove-tescrihed furations ohayf besperforimediin an erderr ety to

Pt S Ga ot §68erRa 4o CRONRL NI S BAT Shobh s B Eiie 107

i ncl udes a re-enco t-hat re-encode _ non- over | ay
frame redresessing=irgnit 138, the snmmansedecoder thand thewchanneirselector|14 nigywne,

the comma ) es no overlay signal. In the absence of the
1 sl SR om0 HEE 34,

overlay signal, converter "168 down converts the decoded video franes
from t1e decodEiguted0 isma blogk disgriam of BesettopbamotBtadoartify tyaswther t hei r

i i ' . i, a i 72.. The re-encoder
70 T o onnRttEhd ding Rubaort PrEREE o bk R RACIES TEGHES t he 1+ ame
buf f er 15(&xc;€ptéhati i@kavﬁoﬂmtﬁchaldbﬂvwiwmlsitgmp!lown_stotahmnda@d ml ng?ﬁl frarr}[a;s1
f h . 150, - ewer n 0 View over ramng e
c:‘)?rrr?atndedzgmglr"el erdgﬁéy@qngg}f#eﬁeﬂ%%?r PP yg‘?{’é\:" §%(}:§§2\§2; ;‘?’ ?ﬁ?corrmand
f h €he bok 180 irchiles 2prodés ditfUR01 6B Glihidh G §i ererring to
Firngr; g f:)em)é ;. Iin . 1'|l "j:ss iiro _re?jdn Ei‘t g&qﬁe’ overll a&@iitgnal, t he
converPer %E)‘? g@% r§‘t’fﬁvé¢)g€ PHre %8‘5‘??(?28‘5??&’?@ eérﬂjc‘?’?{@f"f' gaerfer366+¢ r om
Lhe e ancoar oo R b L o e e e 1 rane

ere- e 0V _
regi ons 155&'%?3 éelgh%ru:{'ﬁqgs 82%/&‘?-58{5'!21%9'}@&%9&“@ TanRs hattheLexi18me
combi ner providdsatoahe display 162. ABHE knowh, the cofveftep 188 @an pREofPHigNd t he

regi ons 122a-122c as di.scussed above n conjunction wth Figure 9.. The
re?]encodere o &%ﬁ?&@'&“ﬁ? OrRLRIX 4"@&1"{‘?{1 ccppdingly the d&ﬁ%‘?qrﬂéebl ended
regi oB8 1d8eodedthe vitled framusasf thé SbleotedichahielisighaboLERisitbver domain the

converter 168 calls fo_r{ Furthermore, because the decoder 166 decodes each frame
in its entirety to allow the converter 168 to down convert the frames, the circuit 164
includes a re-encoder 170 that re-encodes both the ov_'erlay and non-overlay frame
regions. |

25 When a viewer does not want to view an overlay frame, the command
decoder 140 generates no overlay signal. In the absence of the overlay signal, the
converter 168 down converts the decoded video frames from the decoder 166 and
provides the down-converted frames in their respective entireties to the re-encoder
170 via a line 172. The re-encoder 170 re-encodes the down-converted frames and

30 provides them to the frame buffer 150. The display 162 decodes and displays the
re-encoded frames from the buffer 150. L

When the viewer wants to view an overlay frame, the command decoder 140
generates the overlay signal in response to a command from the remote control 132.

25



“above in conjunction with Figure 9. The re-encoder 170 provides these
re-encoded 10 regions to the buffer 150, 'whi.ch stores these regions as
respect i wpobgisecoded frames for display on the di spl aypc50S00RA333r at e
rcontrol ler 154 prevents the buffer 150 from overflowi ng or underfiow ng as

di scusse bove. ip conjunction wth Fi rring tQq Fi.gure 10,
Lt houer Reling tBobe b i eraRhis hiares I @spoied e ove andoralahes 5 147,
150, 154 covEhter 168 domAttohvérts thealdebas® faMes Gintthe eddubd BRGifided thde one or
nor e processors éhat erfor%he functlons of thefi%géCUIt bl ocks in

har dwar e 9eggder 16 Péth R-eoRvaried frame regioRs Qatadhg (Bict i ons may
be perf O'E-:-ﬁ@&iér M76Nia hledipe 1T2hand bﬁﬁﬁie’bhﬁé ddﬁﬁ%hbmbdiﬁme rediohd fEzgror €,

altho own. as part of the SSIn rCU|t 6 e COo nd decoder
140 a tEEC E%M°%F%%Y%edﬁgé?%§’ f§€k%?°d’f‘1@"?fr Yiga lvelddit 164,
Fromt he Theceapind 14y biérds the EPI@énﬁPth’étr@ lohBﬂTZZaﬁﬂZQB%%cﬁﬁéé‘d dbdve

enbodi nents _of the invention_have been described herein for purposes of

i || ust r aif eANIURGHEN Mith Figerg 9-i Tha fepdnrcodal 112 rergaeodssithe decodsdire8ioRg from t he
spirit aq 0§q29@aﬁé tﬁehaenaéa/fa\g drﬁr‘i;2§5|2%‘é .MQ@%M&%%@@J @&9%&&%%3 Vhat
111

Is clainme REREREEERERN N €0 processi ng
circuit, abevmml apnjiction witlyFigurg 9pr §sﬁﬂ°°@9lé17eﬁ)P'@VldGS theseireensadedied

ble t
o8 o °Reclofietl A pLASPRI, WHieH Jbist Gl teBRASIA (ERANE raRcaE P21 °  Ces
t he proc&ames fopdisplay enitle displey-188cdhe ratepmmrpﬂer Hi4 prevents the buffegi on of the
first | Mg o bV¥OMhk Y ukBEHBlvin pﬁ&]&é}s%?d GBBye FEAHLACREh Ofin Figtl | MIe

such that the nbtion v ctor no ol n econd region of an
i mage. 289.The video processi ng circuit of claim11 wherein if the notion

Lo cnoue, Rt SERTID SRR flechfd ERHEAF oAl HER3ARLR bhoRO?, °°' ©
nodi 1§i ng40hta2yddr o160, 4640168, d6Bpamd 17 the heockssartcincaiyil 84 ntdy includerage. 3.
T o RS A ebhds i BT RS etd L TR SRS
r e- encoder insoftware.t Additiohaliyl thef above-desgritsed fohctidres rhay bé perfageedsingn t hat t he
first r e%.h?é? omerttrt?aen IhiaE ﬁésérﬂgg %bove. F urthermore, aithough shown as part of the
processing circuit 164, the command decoder 140 and the channel selector 142 may
20 be separate from the circuit 164.
From the foregoing it will be appreciated that, although specific embodiments
of the invention have been described herein for purposes of illustration, various
modifications may be made without deviating from the spirit and scope of the
invention.
25
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15 has no notion vector. 4. The video processing circuit of claim1l wherein
If the notion vector points to the second region of an inage, the
processor is operable to re-encode the portion of the first region:of the
first i magWOSHaM hat notion vector has a |location val ueeGHVUSAEESS 20 5.
The video processing circuit of claiml wherein if the notion vector

Bl nat o R BRRELT g 01 of an e e beocervg. LRI BRI AILCN
wherein the prdcessbvides Pregassing|dircuib qompsisingile the portion of thefifst
region in the hrp?(ﬁb‘efs%mﬁg?ﬁﬁé?o rec%ﬁie@ncEPEd W(l)élfég é%%ﬂ%ggﬁpﬁgs%ég?i\?é’h?st of

claim| wherein the processor Is operable t ~€enco I on of the

first regiapf seronchiegianeandRpesabe tarecaiveiadpotin vantwrsif the tist tegian of a
conprisi ”ﬁis{%n@%‘?ﬁfeﬁﬁﬁ?e@ﬁﬁ%%%és&& 5&?%6!%?0:6”(30@6(1 i mges each having
respective first and Second regions and to recei.ve one or nore notion
vect or8 of t here-gncodegporion obtiherfilstrregion of theffirstrimage ifitbe enotibn veetor mages,

the proce Fiiiiig phos > "
01/ 19090 EBWSS%%%%H?Q? %ndgfﬁpFP 9""5?‘1131‘%3’?’ oat‘ni:“v" H:ee‘c{:t%o'r's&’|_'g’€{é1%r %6’?\4\% from
the first tothgisecond region ekajeimaget he second region of an inage and al |
not i on vect or s,t hat ls : . . €0 of..an inage to the first
region of an i%‘age;T%ﬁﬂaé%ﬁéﬁ%%gsgiﬁf%@@% @ﬁ%’eﬂ 'F@F rﬁﬂtﬁ%‘@&gq{d regi ons
havi ng t hpointetetthé secbnidoregion of anvimage, the pradessdrds operabia tore-ene6d®thepoi nt s
fromighe {] | f. an. to the second:.region of an image and no
ot | Oﬁleve&tv%i?}lﬁg:ﬁ%@rg&r%ggﬁ%éﬂ%ﬁ%&wgagree | TR "Qaﬁt_.’e HRVPr 40 PPINEIC [ egi on
of an i mathe firSt region of addmage.ocessing circuit of. claim8 wherein the
processor is perafle.to: 10 re-encode .the portions.of the first regions
of the images By cgﬁ}?u‘f'é?q ﬂﬁ’cﬁss'?%g'ﬁ%ﬁltt?f& "EJ%‘P?FFWQ%MF?W ‘(ﬁ?iqror for
eﬁc hf of t peints tpahé Fea:tmd regioh cfbntiﬂnaﬂé,uhébi'ddékgor impé@alewegé@hﬁowih@ti ng tof
the first _reqion,ko respecti ve ot her i e; .and re-encode e . portions o
t he seconﬁo'&'gﬂ PEHLE fggt Rl .%ﬁm&'ﬁ% %{r‘}ﬁgﬁtﬁ'&e g'St 'Fe@éﬂfb‘&ftth%gr% B398 t ut e
mot i o5 veha®no hiotioaaebtoef t hese portions, each of the substitute

4, The video processing circuit of claim 1 wherein if the motion vector

points to the second region of an image, the processor is operable to re-encode the
portion of the first region.of the first image such that motion vector has a location
value of zero. o -

20 5. The video processing circuit of claim 1 wherein if the motion vector
points to the second region of an image, the processor is?operable to eliminate the
motion vector. | a

6. The video processing circuit of claim 1 wherein the processor is
operable to re-encode thé portion of the first region in the transform domain.

25 7. The video processing circuit of claim 1 wherein the processor is
operable to re-encode the portion of the first region in the pixel domain.

8. A video processing circuit, comprising:
a processor operable to receive encoded images each having respective first
and second regions and to receive one or more motion vectors of the first and

30 second regions of one or more of the images, the processor operable to:
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15 notion vectors pointi ng ,mm)"m, gion of a respective other

I mge. 10. The video proce mm H“icl aim8 wherein the processor is
oper abl eﬁ{c}) mggﬁncode the portfons df the*first and secqrenisetiesds having
the ideftq? notion vectors such that none of these regions has a notion

vector. 11. The video processing circuit of claim8 wherein the processor
is 20 oper akitientifp al natioo vectorthappeint from the first cedion of amimagedodhel r egi ons

AT N ¢ Dot 80h'd 8 HTBAL 8 47 Ficon 3l R hoRPRbn TR stbriiRpph et

points f I on o a € second region n i mage
and eachofm‘lumgarhedheﬂrsltkﬁuon ptnmimag‘erandt he second region of an inmage to

the first re : & The

vi deo pr ocesgﬁeﬁ%c%d?%%@dm% ?t'fbgﬁs@d\/\%ec?ot&dﬁgg%gé grg‘gﬂéggeopgnﬂf%%o&étr’oa%l eto
i dent5 f yvédtersrsichdinatwecmotion vecterpoints dnost therfirstoegion.of 48 image:to/theéeo
processing circuit of claim [ el RIQ Mo o) e &

e encodisednd r8ien A ag inpof e A PRl I terittis Tt ton erstRE e afady or m
domai n. #Radetto afinét regtorpofereiamigeg circuit, conprising: a processor operable
to receive enéodedrl ma. es each, havgw_g &eréanec iﬁe fl{h and_second regions
and to recei v& onel RracEESIng, CRHit TS WRESM NePraFRFSO5Econd r egi ons
of one oppgmbRtef the inages, the processor operable to: 28 -- - --------
IIIIIIIIIIII Y11 rcr/ U 74333 . WO, 01/19090 C L. L MMS s

i deni‘@fy al | (S‘F'el"ﬁ%d?'fhtesﬂc"""ﬁﬁl%ﬁée ﬁ'éﬂwmf 1B 3? ‘H%?Lt"}%q nt to
respect i y&speeffeli\tbstifé RidtioRNEctat for @hch bEtheae ga&aohsgeaah&:fwgmmm&l on
vectors that point to respective first regions; and re- encode portions of

t he |denmqt'PE(YePﬁ°F%P°'ﬁm @é@%ﬂﬁﬁtF%P%Hgaé%ﬁﬂ?cﬁ"fﬁa?thﬁb'm%es?” 5 region has a
oL o1 vect o o ioddthe it Bt H3BREnd SEioHs e Afes AN hic gt oS

noti on vect or oints to a first region. 15. The video processing
circuit &SR?PHYQ#@?“W% metian vagtopfas eash of these pepianarachtaf the suksitdeae t he

por t ikgns nﬁtloh%cﬂoﬂ??&lhﬁh (b thi s8borP¥igRicord résogctiv@‘%ﬂ?e? ul?l)é 40 calculating a

respective substi |on vector for_ each t hese |ons each of
t he substi t ut #0-not Thevidee peacsssing aireuiboh cair@ wherein thed?jP@#SS@f isa respective

ot her i maggrabigdte-encode the portions of the first and second regions having the
identified motion vectors such that none of these regions has a motion vector.

11.  The video processing circuit of claim 8 wherein the processor is
20 operable to re-encode the portions of the first and second regions having the
identified motion vectors such that each motion vector that points from the first
region of an image to the second region of an image and each motion vector that
points from the second region of an image to the first region of an image has a
location value of zero.
25 12. The video processing circuit of claim 8 wherein the processor is
operable to identify the motion vectors in the transform domain.

13.  The video processing circuit of ciaim 8 wherein the processor is
operable to re-encode the portions of the first and second regions in the transform
domain.

30 14. A video processing circuit, comprising:

a processor operable to receive encoded images each having respective first
and second regions and to receive one or more motion vectors of the first and
second regions of one or more of the images, the processor operable to:
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re-encode the portions of the identified second regions of the inmages by
cal cul ating a respective substi '

portions, each of 15 the SUbStmnmmln lig
regi on of WOOMINLtive other inmget 16. Al eo proce it of
claim 14 wherein the processor is operable to re-encode the portions of

the identified;jahfift i ' ; Ldentified
first and Secoﬁi&h?@g&}ll?%?\ﬁﬁ@%ﬁ%\??igﬁ ) e@?ﬁh 6%3@%&@3? %Egeéptggcessi ng
circuit omleeond regions\andradiaf thengeqond Fegions hawng pistipa veetorsothat goiettoode t he

portions Pte@ﬁw' Intdr@dodt st regions of the images by calculating a
respectivgés ubstélft?ﬁ?‘teég%?i%é]d vector for each of these portions, each of

t he subst it ut erevencasie postiansrof thexidentified first and sacond oegions such thathofyst
) q . ! 9 = _ . g b
Cal cul St hepien Pgk B offeckds et B Id 7 BecuriBtioh ST selnd P TREF® ™

porti ons, agaeliorofectaritbatpolings ta afisst iegidmn vect ors having a zero | ocation
lue. 18. Th id .Cj [ -Cl.o4 . '

e Yoperabl o t S per M HAERRRCHERIAY BForai R Thdti e e e tna T gt ons

I n the trapefablento: 30 domain. 19. The video processing circuit of claim14

wh inth j ' . f t.h - encodi f th

e Sons or £nBSATaNe b8 B P8 fenBBA B R RS IRGRR S ot

domai 80 28alclilatiny\@ réspett0 Substifutée neotion vECTor KB@ACA 68fhése Partiofs veabhoof

mges: callt HERHE FESRRYEROB-ho Rl BIFRRELET §ia feshech B r gt 11 st

and seconandegi ons divided into respective inmage subregions, the processor
al so operable to receive a noti vectar of a 5 subregion in the first
region of one reRqpde;the gadions ﬂg{']‘ﬁr@%@%rseﬁ ’&Sl"é’st"g!.the INAEE Y ne a

r ef er ence calgblafing afespective silibstifite MvitioA vee e fdrleabh bhthese pbftionk, édth dfef erence
subre cond reqi on of another one o t he i mages,

jon_is located in the se f.
Chen 16 e HERHESTE MoligR VECARRABINILaINe PREAnd TPORH O AGSTRRCHLMONEE L or -t hat
poi nts tojmagecond region of another one of the inmages. 10 21. The video
processi ng ci r&:@it f claim?20 wherein if the refere subregion is

| ocated in t he @ecoHtf Vg BIPCETSIAG, GGl cl’f(?’?émo‘lf’ .‘Q”F%eﬁnﬁﬁgé’é?ce?ﬁ St he

operable to re-encode the portions of the identified first and second regions such that

6 Vi

7

- none of the identified ﬁl_"st and second regions has a motion vector.
20 17. The video processing circuit of claim 14 wherein the processor is
operable to: ' '
re-encode the portions of the identified first regions of the images by
calculating a respectivé substitute motion vector for each of these portions, each of
the substitute motion vectors having a zero location value; and
25 re-encode the portions of the identified second regions of the images by
calculating a respective'substitute motion vector for each of these portions, each of
the substitute motion vectors having a zero location value.
18. The videq processing circuit of claim 14 wherein the processor is
operable to perform the identification of the first and second regions in the transform
30 domain.
19. The video processing circuit of claim 14 wherein the processor is
operable to perform the re-encoding of the portions of the identified first and second
regions in the transform domain.
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" processor is operable to rie- en subregion by cal culating a
substitute notion vector f E@ ﬁ@ N[E gion, the substitute notion
vector pGygbidded 0 a subst| ssubregl on in PCEUSI024333r egi on of

“anot her one of the imges.-y15 22. The video processing circuit of claim20

‘‘‘‘‘‘

wherein if the reference subregion is |located in the second region of

anot her one d20.t heA vidag@soceshing drpuit, compEisingor i s operable to re-encode the
i mage subr egi I i mge
cuby egi on. ¢ HPIESER dHdrdtic ROrcbeRid ichlel fredilidsPh nefiy desicliive gy ' T30
20 23. Thed séchnd regivoesedatgofdhe Gist andsecong regme divideddnteciespeative ur t her

0ne” 30! yndk o BEEAESS b Bkl ION Poddhs 4 RSB, SUbPEY &7, e

referenc A oSCaAnni g area Tocat e rst region of
anot hr smta'eglbntlmlme ﬁira’a@gan cfroohe2d thehimages, the processof eperable tsubr egi on i s

| ocated in t n n encode t he

| mage subregliﬂeﬁ.& 8% '{?ﬁ%@%ﬁ;ﬁfﬁg%é°e¥’F"§ﬁ3$%ﬁ%“55§ﬁ§5gE9§ﬁE ég?l tute notion
vector for thtthdmescé)smgegmn i loeatediis thet secendwéegion of meatheroneosfnt i ng to a
_substltu e reference subre Iocat eg in theh%ﬁ%{’ﬂli@n are . 2401 The vi deo
processi %ﬂf'ﬁﬁgéﬁ ere'@PE? 'm?ﬂgsH FoLIe sq% B ¥€C190 ¢ o:
degode ltﬁaﬂ?palntﬁKﬁs@hvmlrégighQ:faﬁﬁmG][Gn@bﬁmemagééle reference sub][ eglhon

an scanni ar cated in the re ot her one of the

i mgd¥: and S%P -ﬁ'ﬁ 8%@Br°°e§,s'ﬂ9§"““'{:‘lfsr:} Wag" ‘?{He ﬁi‘é e erence

subr egi oautbrégioaqgtdeatedinttﬁ@sémndgmwf @Rothkr an@bhme images) fthérthel Mages,

t hen re-encode the i ?ﬁe subregl on Ié.@calc Iatln in-the |xe{ﬁtdoma|n a

subst i t uPECEEEIrds op torgrenchde thaimage sy Eegﬂ'% F?\'Eu@ 2 SHb§tiUtEt i on

vector  Ritibh 'v@Gtoi' ferhé Hﬁééé subregibR/ the %Dﬁﬁltﬁﬁbh%mdt&%ﬁrﬁﬂglta at he
scanning area. 5 . The video processing circuit of claim?20 wherein if

the ref eﬁB‘Pr"éEUtes!'ﬂfo@'@ecﬁﬁ’bﬁ;Q'q"bl%tf‘é@fﬁtrﬁeﬂ'ﬂ%%%hﬁ engypfdhe 8nagfot her one of

the hgmges, the mmeaé@brde%sahgerr&mmlélﬁl zrewﬁe@memﬁéweféraﬁ&e subr egi on
by intra coding the |maesu i on such that the inmage subregi on has no

not i on véE'P"GE'O“ZB locptad ipj B%ée‘iﬂ BgionRj aEPﬁh@DPE‘e gf they ‘E‘?ﬁ?%d er e processor
further ?Rﬁé@@éﬁs opEradbfe todrécéﬂéﬁdé Heintage' sUBAd 6T eaRLIBtIRG'S sbf&fifesubr egi on

and the reference subregion;
motion vector for the image subreglon the substitute motion vector having a location
value of zero.
20 23. The video processing circuit of claim 20, the processor further operable
to:
decode into a transform domain the image subregion, the reference
subregion, and a scanning area located in the first region of another one of the
images; and
25 - wherein if the reference subregion is located in the second region of another
one of the images, re-encode the image subregion by calculating in the transform
domain a substitute motion vector for the image subregion, the substitute motion
vector pointing to a substitute reference subregion located in the scanning area.
24, The video processing circuit of claim 20, the processor further operabie
30 to:
decode into a pixel domain the image subregion, the reference subregion, and

a scanning area located in the first region of another one of the images; and
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if the reference subregion is located in the second region of another one
of the imges, then re-encode t ﬂm I HH EH;'Itln by |ntra coding the

i mge 15 in the transf he videg 85539
circuit of‘ggl"MO t he processor further operabl e to: decode Iinto a

pi xel domain the image subregion and the reference subregion; and 20 if
the reference it eference mﬂregnahwlobaeﬂhetmodd r@d:mofﬁotmri&eif one of

t he i mages, then re-encode br egi,on intra,codi he i mage
Subr g o e s, fief S arate eI Ba0s sIbBORELY FARAREGHR 1 PaHomn Al o m
20, the prsasﬁﬁﬁtermémt\}reeforwahelnhage §|ﬁbrd adee isDBstiitei dtioreidctsr bef ore

determ ni ng, the reference bre i ch Lhﬁ 25 nption vector points.

29. A vi d@8intpg 8 shbgjityte re (qnc ateg i BBINIARF-abl e to recei ve

encodeg Irrageszsachmwu@opfdée@ﬁﬁg bir‘@.utfofrofélm D WhasRaPthe refdréite.  €ach of
the first and second rqagl ons divided into respective _imge subregions, the

processor SHpEgigR is lacatadd de/eecond f89'°ﬁl9fé“%?5%ﬁ9féb?@§9%ﬁ, t® one or nore
| mage subipRgedBsnis b r&hﬁea%%-eﬁes&@%%hee suﬁeprohfay iftrh cO%hg He vectors

t hat p0|nt fromthe first ion of an inmage to second region of an

i mage or ﬂmasewrﬂslonﬁamthaéﬁi@em%g&m bas ;Mo ¥eeter-t he first region
of an inmage; a 3L I 90 c L
VS PCT) USco] Daaane Vad bk deing Bl or e 20, e ool Ml BPadR T e
not i odOved®ors such that no image subregi on has a notion vector that
points fromth | o f an i mage
or that point sg?(ffdgﬁﬁt’ (fﬂg@&]@?@?ggﬂg?ﬁaié)sﬁd?%ﬁﬁ%ﬂa% IFe?éSrtQHcr:%gl on of an
i mage. 5 8obregion; @ndieo processing circuit claim29 wherein the processor is
operabl e to: 'fé]% ticon
vectors and Io@% ?&?ﬁéé‘ﬁaﬂr@gﬁg@ P%/tggf"?{r?’s%tgér%éh@ge '&?&%idtﬁ&r@gedsf by

cal cul at i the imagespiben |r&enmd§;mettmage subregion byeotrocodlog thesiotagef these i mage

subre%on§ub’%§m lﬁ%é%*ﬂ,ﬁf&é&gﬁ‘e notion 10 vectors pointing to the first

regi on of ective o nage; and
27 The video processing circuit of claim 20, the processor further operable
to: _
decode into a pixel domain the image subregion and the reference subregion;
- and _
20 if the reference subregion is located in the second region of another one of

the images, then re-erioode the image subregion by intra coding the image
subregion in the pixel do_main.
28. The video processing circuit of claim 20, the processor further operable
to decode the motion ye_ctor before determining the reference subregion to which the
25 motion vector points.
29. A video processing circuit, comprising:
a processor operable to receive encoded images each having respective first
" and second regions, eéch of the first and second regions divided into respective
image subregions, the orocessor operable to receive one or more motion vectors of
30 one or more image subfegions. the processor operable to:
identify all motion_ vectors that point from the first region of an image to the
second region of an image or that point from the second region of an image to the
first region of an image; énd
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‘re-encode the image subregions ' | | feed notion vectors and | ocated
In the respective second regi OHmmﬂmi}ﬂmﬂmey cal cul ating a respective
substi t uiy® p1f@égooN vector for eaclhc Of. L Mese ge subr e@canisooradh of the
“substitute notion vectors pointing to the second region of a respective
ot her image. 15 31. The videq pr_oceﬁsi,ng circuit of claim?29 wherein the
processor i sfe-epeqdedhe imaos sukragigne hawad thauigentifiad mgliciheqiesistghi dent i f i ed

nmoti on I ' ' iR fraHA thee h of these
e S B A B o oI et on

val ue oimage to thesecondregioreef 31y inagearibataaints frompthe segend regichedan n t he
process%aéétozgﬁ%%gq&g 8f APinfdgecncode the inmage subregions having

identified notion_vectors by rntra coding these inmage subregions such that
noneSof t hesd0i majjee ¥idpe PErceRsing £cyit claim a%wh@é@t\(ﬂie. Progesspiés vi deo
prOCESSioBQra%iléfd:” t of claim29 wherein the image subregions conprise
respective nmacro bl ocks. 25 34. The video processing circuit of claim 29
wherei n t he fé-epcodecthedmage subrpgione haviaglidgntified motion yectorsandlogatedi ve

I mages. . | Falo o]l ' .l Mon first
e, i RHE AR a3 B it b AR SR Sl 1
r espect imvationneegtos for &thidf tiekelimage sSubregidnis| eacH of the substitutewitity 19090 L M s

PCT/ WIS ' . i LrCuht . l.si ng: a processor
oper1gb%#%@@%@ﬁ%ée%égﬁ%égélﬁiggé r%%@#'%&a&héﬁ'ﬁ%éb ive first and second
regi ons, eache-ehcaodectheiimage anloregimas idvingddentified motidavectoroand kgated ve
| mge subr.egions... the ar erable to | Ve one .0 r tion
vect or o o MeElegRectyb YRsPhe DS ¢ 1BF Ebfey Aubiag SiesBpodls Bsu .
i dent i fy?dstlmgtecmrbole@a'ohhmf thesel in'(ggmsubmgior;sctaaaslﬁoﬁthesubsﬂtﬁé rhotion t hfe fir sth
region o n_inage to,t second region of.an. mage or that point fromthe
second Vlegér%ﬁolgﬁn%h)ﬁhﬁg gmfcgrelgFPé‘ ‘?f?‘}"sets”?%tgﬁcﬁ#‘%ff'g@ﬁei mage; and re-encode
t he tsdenti fi ed. i nﬁgevme]pm@de_seiagtctrcbiamwam 29 Wherei the prosedsonis 10 poi nt

ion of an inma

fromthe first.re ta the second.region of an i,mge or that
poi nt - fAPSTALI, 1P EERRAAS the iepes sUbiroiors favig identiemofen vedosthan | mage.
37. The calgieingrapauisstitute motios Vedtorfonietiti? 6f tNesé ihage SEbregionsIner i s .
oper abl es&i)o; e- epcode .t he i %ntj fied i magve sub{ egl ons located in the first
r egi ons stgtH motion vectors each having a locationvalue of zefo.
32. The video processing circuit of claim 29 wherein the processor is
20 operable to re-encode the image subregions having identified motion vectors by intra
coding these image subregions such that none of these image subregions has a
motion vector.
33. The video processing circuit of claim 29 wherein the image subregions
comprise respective macro blocks.
25 34. The video processing circuit of claim 29 wherein the first regions
comprise overlay regions of the respective images.
35. The video processing circuit of claim 29 wherein the first regions

comprise electronic-programming-guide display regions of the respective images.

32



15 i mages by cal cul ating a. rejm,li,l ve “substitut'e notion vector for each of '

t hese i mage subregi ons each ﬂﬂ !'ﬂfﬂul  nmotion vectors pointing to
the first roqiohopf respec and re- enclgglﬁugda&dsglent ified

I mage subregions ocat ed in tde second reg| ons of the images

calculating a respective substitute notion vector for each of these 20

i mge subregi 088, e videofprodessinglrircuit, \doenpmisingon vect ors pointing to the
second region_of a respectiVv ther 38. The |deo roc

ciroult of ol o ArosbssRC R AR o ficBe SrlBHS ey i WEVFG rPertEiVa P e

i denti fi eand segendregiong| each d:fytheﬁtstahasiacrmdaregidastdl\ndedantorm*a‘pmvsfect or for
each of these | e sugkgglrons t he go tute notion vectors

havi ng a I"B%%ﬁ? 9‘8!‘& pEor opera (ReqE %F&éé‘%%’?ﬂ&“@f‘ VEH s 8€ claim

36 whesei nnébenwr@mag@wbreguonnaheb#oz:ebsbmpemtl@de t he ldentlfled i mage
subregi ons by jnf ese subr e SUCBU ﬁ" q%?e of these
I

i mage subr egi oH?"@émQQ%apﬁﬂ'Wﬁﬁﬁﬁma '%%m"ch S aéf?‘i‘ 111111

11111 i tegidn bf an infégl ﬂdSﬁ@éB&fn%&egléﬂ of AnliMk§e dr thabpBint o dhe S&8HRIAVI NY
encoded i ma ach havi ng rsf Gtrve fjrst a second regions; receiving
a notion @'b? 31 Image to;the fi E%ﬂ'%" n nagey §E‘ one of the inmmges; and if

the notion veciéndethe ldeﬂtlﬁétﬁln%mﬁrég?&h% Hive Moenétoni VeRtdrsBiies, then
ortion-of the first ion of the first imge such that

re- 5 encodjn
the fiPst PP@@%@W fgf—‘ first gegion pEan l%’%ﬁ% RePNsenion of apdHAde AY abB?'H‘E sto

the Seconﬂ'oﬁﬁﬁé%éc@rﬁd Eéyﬁbrpéfdm&lagbﬁ@ﬁﬁfﬁst rédion bRaniaged of claim 40 wherein
the re-encodin rises nodify the notion vector to point to the

first region o one ’!ﬁ‘"ﬁ'%”%&i‘@g cq@x&@almﬁp@wﬁgm@e@m@sgprnlﬁ4o wher ei n
the re-engggiaBR poNPri ses re- encoding the portion of the first region of
the first 1 mage such that the first region of the first imge has no

not i on vect or. r%ncwmﬁé%ﬂﬂfééﬂfﬁ?g%fs%egpéélﬂf’ﬁ%n@Pﬁ:ﬁfé&@gi%ﬁ@%ach
having ﬁﬁé‘qfés %ﬁcﬁlﬁdlét?ngaé‘ FEsESEtW%CEJbﬁ uwﬁ,ot.oﬁ5e§1&%+ ¥hdofthssedi

rmtlon vect Of S I'rst and second regions of one or nore o the
i mages; i Gubregiops epahmfitoe syhstituie mqtnatvempommqthefﬁt region @f@ on of an

i mage to f, ecﬁ\iae‘:&ﬂgrﬁr?ﬁeoﬁn@f an imge and all notion vectors that point
fromthe second regi on
re-encode the |dent|ﬁed image subregions located in the second regions of

- the images by calculating a respective substitute motion vector for each of these
20 image subregions, each of the substitute motion vectors pointing to the second
region of a respective other image.

38. The video brocessing circuit of claim 36 wherein the processor is
operable to re-encode the identified image subregions by calculating a substitute
motion vector for each of these image subregions, the substitute motion vectors

25 each having a location value of zero.

39. The video processing circuit of claim 36 wherein the processor is
operable to re-encode the identified image subregions by intra coding these image
subregions such that none of these image subregions has a motion vector.
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"of an image to the first region of an image; and 20 re-encodi ng portions of
the first and second regions havM"lIlJI“m“mmufJME moti on vectors such
that no npébfoyect or points fromd 5 \ of anpCTvasm28d3 t he

“second region of an image and no notion vett of points fromthe second
region of an inmage to a first region of an inmage. 44. The nmethod of claim
43 wherein: 240.t heA metkat amMmgsinge portions of the first regions of the

i mages conpri o RERAHY It fd R or for
each of these'%%%'rv{rlfbgén@éggg?: g%% éﬁ'e SU@S@F?%@ETI{%%{I%I’? vepﬁ%F pointing to
the first regtesaivisig amodopaector of ibelfest region of a fissioneref theeimagesuéndy t he
portions of t | | BRL . I [ing a
respective su@&f‘?’ﬁﬁ@%‘?%@@%@{%@%@ 'ﬂga%ﬁoﬁ% ?Pﬁéesagﬁjgd%tgggﬁéﬁéﬂeg%h of

t he sfbsencading aportion afdbe Grst ragiomof the firsd image sechothat thegiirstregionaf thespect i ve

ot her i A~~~ L ] / ‘1~ ~| S ~l I~

PCT/ Usmﬁ%ggggg%lg?s #‘%(‘a’n drtr'gb r\{gé’m&tﬂé& Pginﬁ\/\?ﬁéﬁé&ﬁqﬂm{gﬁo& éfeqngnog k’ﬁﬁ ng conpri ses
re- encodinages he portions of the first and second regi ons having the

i dentified notjon yvect t hat . non f these reqgions has a.notion
vector . 46, Athet hOIF FieBieR o el 4tBhnaBi 8 s B RRTnR ErREs et ARy T v g
respect i e motict vectdr toquaimtdo trefistiregion efamie\oftige imagest nor e m)tign ve;:tors
of t first d cond, regi.ons_of. one or, nore of the images; identifying
t he Hﬁr st regfons Fﬁ&““r‘ﬂg‘if%@%"‘v@c‘ﬁ’@?@'%‘H?x{e'ﬁBFﬂ?'"S8°F'é’§'5 fve second
regi ons andoding the portiory of the fisstaregion o thedfirst iRaigetuchthatahe € feRjich éfhat  poi nt
10 to regpegtive first reqgi.ons; .and re-encodi ng portions of the identified
first anzﬁ%@rc?tquee'lﬂsd??smg CHRVeHRE the identified first regi ons have no
moti on vect or 3t hat nisthed, domprigimgsecond regi ons and the identified second

regi ons have no potion vegtors that point to the first regiogns. 47. The
method of ¢l alSFeIGFRACFEH IMages FaPh RaVIHLISIPREETEstANc $5Rad ARgions:

i dentigfied fi reteiirRpbiEIor MBRIMDESS vedalsOI RS fikBard é@@d?ﬂ%gm_s%ﬂbﬁé bf ute
notion vector for each of these portions, each of the substitute notion

vectors PRATRES e MAgRe fir st regi on of a respective other image; and the
re-encodi ng t gRnBNing MbforPtedtdre thatedirt floffthasradgiof Wf ARIMAgERS thaes

second region of an image and all motion vectors that point from the second region
- of an image to the first region of an image; and

20 re-encoding portions of the first and second regions having the identified
motion vectors such that no motion vector points from the first region of an image to
the second region of an image and no motion vector points from the second region
of an image to a first region of an image.

44.  The method of claim 43 wherein:

25 the re-encoding the portions of the first regions of the images comprises
calculating a respective substitute motion vector for each of these portions, each of
the substitute motion vectors pointing to the first region of a respective other image;
and _

the re-encoding the portions of the second regions of the images comprises

30 calculating a respective substitute motion vector for each of these portions, each of
the substitute motion vectors pointing to the second region of a respective other
image.
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20 cal culating a respective substitute notion vector for each of these

portions, each of the substituMUﬁ[,ﬂﬂ"’ﬁﬂumﬂmLpoi nting to the second
regi on of r tive other i AL od of CW%DI’QI n the
r e- encodi n@ocogﬁgqgﬁses re- encoding the poftidns of the identitie fi rst and
second regions such that none of 25 these regions has a notion vector. 35

45. The method of claim 43 wherein the re-encoding comprises re-

encoding the portions of the first and second regions having the identified motion
vectors such that none of these regions has a motion vector.
46. A method, comprising:
5 receiving encoded images each having respective first and second regions;
receiving one or more motion vectors of the first and second regions of one or
more of the images; '
identifying the first regions having motion vectors that point to respective
second regions and identifying the second regions having motion vectors that point
10 to respective first regions; and _
re-encoding portions of the identified first and second regions such that the
identified first regions have no motion vectors that point to the éecond regions and
the identified second regions have no motion vectors that point to the first regions.
47. The method of claim 46 wherein:

15 the re-encoding the portions of the identified first regions comprises
calculating a respective substitute motion vector for each of these portions, each of
the substitute motion vectors pointing to the first region of a respective other image;
and

the re-encoding the portions of the identified second regions comprises

20 calculating a respective substitute motion vector for each of these portions, each of
the substitute motion vectors pointing to the second region of a respective other
image.

48. The method of claim 46 wherein the re-encoding comprises re-
encoding the portions of the identified first and second regions such that none of

25 these regions has a motion vector.
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