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20 toview 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
smalier than the frame region that it overlays, although the overlay frame can overlay
an entire video frame. But for simplicity, both partial and full overlay frames are
25 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
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
30 regions 7 of a sequence of video frames 8 (Figure 1). The box 11 includes a
processing circuit 14, which receives an encoded, multiplexed broadcast video signal
on an input terminal 15, receives command signals from the remote control 12 on a
command terminal 18, and generates a video display signal on an output terminal



17. The broadcast video signal includes one or nore broadcast channel s and
one or nore overlay frames such as the franes that conpose an EPG and is
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01719091 ?&-BOH&Q 9& t:f’\ég’o%%rlay signal, the video decoder 22 also decodes the selected
overlay frames into the pixel domain, and an overlay/video combiner 24 blends the
decoded video frames with the decoded overlay frames. Conversely, if the
command decoder 18 does not generate an overlay signal, then the selector 20 does
25 notdemultiplex 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
because it is sometimes undesirable to couple decoded video frames (blended or
unblended) directly to the display 13, in another embodiment the circuit 14 includes
30  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

number of separate circuit blocks, the processing circuit 14 may include one or more



processors that performthe functions of the above-described circuit bl ocks
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frames. |If, however, the re-encoder 26 is omtt en the co

provi des t hdehelaiea cf‘?@?ﬁiﬁsdﬁﬁ%f&eﬂﬁbpw ﬁh@a&!osﬁ}ﬁléws dBovadelydrammat 2l y, the
set-top box séﬂie@@%laygﬁtdn ?sﬁéﬁ?sdﬁ?égb?%tﬁ%é teWotQ&cﬁlﬁtIgcﬁ 1 gﬂ‘@%l(geéa $ and

thus includes its own ant decoding’'circuitry, e 30
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signal, r ec%\(fglrtaJ BSna%%?:Qees?’ th\éivciid%% feicgggrl 220’tfo c?écode the recovered channel and
overlay video signals from the channel selector 20 into respective sequences of
frames, and causes the combiner 24 to blend the overlay frames with the channel
frames to generate blended frames. The optional re-encoder 26 re-encodes these
25 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
display 13, and thus includes its own redundant decoding circuitry, which often adds
30 significant size and cost to the box 11. Typically, the display 13 includes channel-
select and full 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
encoded, multiplexed broadcast video signal, recover the encoded video signal of
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the video frames of the recovered video signal. But the display 13
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20 necessary to re cgesent rr@@é 11 For exanpl e, Hi gh-Definition-Tel evision
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channels. Without compression, HDTV video images would require transmission
channels having bandwidths much greater than the bandwidths of existing television
channels. Furthermore, to reduce data traffic and transmission time to acceptable

25 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 3-6, the basics of the popular block-based Moving

Pictures Experts Group (MPEG) compression standards, which include MPEG-1 and

30 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
images that are represented in other color spaces, and to other block-based



4 Wc) 01/19091 PCTIUSOQ 24334 conpression standards such as the Joint
Phot ogr aphi ¢ Experts Goup (JPEG standard, which is often used to

conpress stiyhqdfRees. Furthernore, although many details LS4 MFEG
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d
MPEG 4: 2: 0 PHISTELMRressind San B3y Use (RRR5P blosks havp othen dimaisionse Ipthe
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34. For 1exarm|@s & 4, .conpression CB value may equal the average of the
original CB values o {fe four pi xels 32 in the respective group 34. Thus,
referring to Fi giefasrigptodfigunea@ApraD, heferprcoswpiression of @Se frame, 1BR digitalies

gener ot o | e o MBS e B PSR RS0 BB 1, 5, O,
32), one 8x&ompressior38e.othepre-commpessis vaiudsB avaderasated duwdd thewrighel Ydegi ved
pre. compr e85 o AR R ofaidiemd §ieS WG 4P RicTrar. dbe prcwnRREPOUp 34
of four 20 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-
compression Cg and Cr values are respectively derived from the original Cs and Cg
25  values of the four pixels 32 in the respective group 34. For example, a pre-
compression Cp 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
one 16x16 matrix 36 of pre-compression Y values {equal to the original Y value for
30  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
pixels 32). The matrices 36, 38, and 40 are often called "blocks" of values.



pi xel s 32). The matrices 36, 38, and 40 are often called "bl ocks" of
values. 5 WD 01/19091 PCTI USO0/ 24334 Furthernore, because it is convenient
to perfor npression transfornms on 8x8 bl ocks of péﬁ‘l% S
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frames and 12 non-I frames for a total of fifteen frames. The encoder 50 always
encodes an | frame without reference to another frame, but can and often does
encode a non-| frame with reference to one or more of the other frames in the GOP.

25 The encoder 50 does not, however, encode a non-l 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
summer 54 to a Discrete Cosine Transformer (DCT) 56, which transforms these

30 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
values pass through the summer 54 without being summed with any other values.



needed when the encoder 50 encodes an | frame, and thus the pre-conpression
val ues pass through the sunmer 54 w thout being sunmed with any ot her

val ues. 6 VQO(?)%;D?OM PCTI USOQ' 24334 As di scussed bel ow, phoxedsast he
sunmer often needed when the encoder 50 encodes a non-I franme. A
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into vari abaghs Bnaid6Z.0AgRedisithend@dersd bradittiosifemcoddirhe DD destidionts) t he
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below in conjunction with Figure 6). ternative data is
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nore non- lcotiesteesliownsyrivhraatrd trdr&smrss‘imoﬁtheeﬁod)demﬁaigtaadsmr t he encoder

e ane 4k n EisBused thip ExSiiiaistos hih HERE By AR aa1Gdne elfbdes R
decodi ng t&@b@la@@t@dmm@bdowttmndmwwcode?%uﬂ@y Sovickhisnvaesdienginon- |

frames that are referenced to nme, the _decoder has no option but

to use the @9EBAUECYY tPaFiarags fﬁef‘éﬁ"éﬁué‘i‘lé‘é &GEAMOM. Because MPEG encodi ng and

decoding are '0$1St}€e1f@ﬁf@mh'BEQIsGBta's%efe?rer'aéeS(tas%eh%@Qe)ﬂféﬁﬂﬁé gatiopn of the
AC and DC transform coefficients - %M:'( val ues decoded | frame
%

wi || of t en ee-idrgrnes erthe GEM thae fp«ffeeé@i Eagangitikepnaogien 88 generatgs 3
f f
rane. er@ofr%%gondi@é Ao lchBe %ﬁe% di 'E;Qﬁacnééc?eﬁqtfﬁaﬁq@axggtg%%%@%ﬁg rane

during encodin cause a tsin non=1 frane
because t hdechrifies thatis dimiareoridendicaidn thiedeatiding tedeviggkedsad by tealecated d be
different t I I ession |
frame). The g? %eé?;eg{rxg %gr‘r,e gﬁ@%%ré%fg%ggé ﬂﬁtehggrfl%ofer hat wi ||
be simlar dia]:oder hadweo spiien B to hee ttm‘cmoedeei framemsforefdrapcaliearader , t he

and an i nverse

encoder 90 R ETingo ARATL8 eodlod b AR M E PR R R s RS, o
6) . Thealeqipamitizatin ofhe dquamt Dze&ntsmmaﬁeﬁmmts ZefieDixEl ¢@eéd bithent s from
the quanti Zgéco%gd i?rg:gnetvru]l oftex %Easd?ﬁerent 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-l frame because the
reference frame used for decoding {decoded | frame) would be different than the
25 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
and inverse DCT of the decoder (Figure 6). The dequantizer 70 dequantizes the
30 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

of the losses incurred during quantization, however, some or all of these decoded



transforns these dequantized DCT coefficients into correspondi ng 8x8 bl ocks
of decoded Y, CB, and CR pi xel values, which conpose the reference frane.

Because of th osses incurred during quantization, ho or all
of these d‘&BSHg%?LH VO 01/ 19091 PCT/ US00/ 24334 pi xel Va}/\ﬁﬁe/(glrmnsé)?@ﬁ 2

different than thei : ' - ' i xel values, and thus
the ref or BRELVAShayER ESBRT nandnth Earierendng e cBptensiy pralvaldes,
conpr essi and thivnheasferéreufams nRiyBeediffdRat dRpatasbridisishdiNgpres then pass

t hrough a sumer .74 (used when erating reference frame froma non-|
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the ref er giteagh Ers@ﬁﬁnemwaedm@ngy@?ﬂtmg @?eféreﬁ@?frémferfﬂ{ma & famgder 50

initially encodes each nacro-blo of the non- rane 1n at |east Two
ways: Pn PRAISPHAPRI belpwe thsa eeferemsedramebufferr76amibich stongsdke referemceon
predicti ogyhi ch is discussed bel ow. The encoder 50 10 then saves and
transmts the resulting code having the fewest bits. This techni que
i nsures that tRaringtheensodingsofaf nohbframe; thefermodsr 56 mitalig edesdesséauy t he

e bi ts meram o & FRFEHIAOET sERARR Wave) Tl dnchBedl AR aes.

For exanplfer, | feanhes, sadamsitighhbtion pretiztion eviioh isodis¢isset bgRw. OPse aféds s5phe
scree i f_the ce}mara.f | ows I he horse, Qf{égét hen t he_background

oxhi bilPs CT‘%‘F%??‘(?& sk s iisihe FeRlifing;codg hayin ewestbits, Zhstechnigye of t he

succeedi ngndureégriat tHe maceiblédke o? e rdn-ARARRE2ré BREcHdASUsMg IheFelveSIBIR, Of
the sane macro bl ocks of pixels as the preceding franes. gBut such mat chi ng

macro bl ocks W”hre§86%té@6i'9§'ﬁnfpr"%ﬁféti%-@Erpbéﬁ,%ﬂb?ffﬁwmtﬁénw%iéiﬁ ocations
that are rdiatif€poition Bdhge8h f@ﬁﬁ%&éd‘lﬁ%ffrraﬁ{& |FB?%§(%|9P[%., Er?‘f?)\’sdé)(gﬁ”m’s in the
20 Al a at 1 nclude

preceding frames. 20 Alternatively, cro block t S a portion
of a st at ireigtys metipe diit gallogs actosadhe sereena & gif therahmara fiellos. the hosdey) may
occupyst h ' e ; ' f and t hus
i bre ~ SRR SR founf SRR i ARARRI uitn rEHEE PRI ERoRe ' GaRTAY Ane

i ndepender@ach of the sugeeeding famesdn avhigh thetabjact abpedre cdstaidat Idash somerafr o

bl ocks R gpgl sﬁrg@fmééremc](s é@gﬁsﬂsﬁsrtﬂ e@din #ﬁné@ngyfaﬁm%nﬁat?ﬁ%?g%g?fs 25

that are in the locations respect1 vely, of “Trane
Thi s " st athieakstin a succegdingitamaofian mstupnrespective. fréfoe lamatiensathatatey f ast

"oV, Cobent o 6B AAE ol Bel B KSR i fitd o
backgr28undAlterratively, hena@o dldckthatahciedesod pbhienrshaistationan) shjectaby. Mteleat i vel y
smal | or S Lﬂ)aalckér(c))uﬁg rsgéne (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
macro blocks R and Z of frame 1 (non-| frame) are the same as the macro blocks
25 thatare in the locations S and T, respectively, of frame 0 (| 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
vectors are relatively small or equal to zero.
30 Figure § illustrates the concept of motion vectors with reference to the non-I
frame 1 and the | frame O 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 location S

of frame 0. MV has three components. The first component, here 0, indicates the



30 Figure 5 illustrates the concept of notion vectors with reference to the
non-1 frame 1 and the | frame O discussed above. A notion vector MWR

i ndi cates match for the macro block in the |ocatigdrfReghsshs ane 1
can be fouﬁ%%lng?sﬂe Iocatlon S of frane 0. MVR has three conponents. The
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the macro block In the location T matches the macro block in the |location

Z, whi ch higsatipn Rdp mf"@(“?%&ﬂﬁn‘r@at%%m@ﬁ@r‘y thewacwpddeton the lorglierfore, Xz
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ot her notion-vec ey are a ase e sane
general cof(megptive Refirectiom@nagaven pixelsi dpwrefrein (negatioa Ydiedliot) tbe locatioow

di scusggd t cod of a _non fra t|on
ot edi ol 75 et INGHS. 0 7E SHEGh AR prmRnk otnet FPTR BR R val ues
are not useechahiéd BanilEBlel MeyRire el BhidtNdn #fe Rimd fenaiBmoacsdiocks in the non-|
frame to the decoded Y val Ues. of the respective nmacro blocks in_ the

ref erence frameR&RIMLRSAD 19 Bigurat. dﬂ‘PtH{!j' Rigdictproie sendisqussed frdetatracr o bl ock
i n the nongyrhl MBehdidt o néh-MREGE, 4 &&x@HBF&d‘ud’t‘oﬁ‘%dﬁéé‘ré@ﬂ%ﬁ et ane, the

notion predictor 78 generat es a notion vector I dentifles the reference
frane and compressiomY values (the&emad Gn W%E@Obvw@wmﬁﬂﬁﬂqmeﬁ@ﬂ@m)ence

frame. ?ﬁ r%srgg&c%é&%%ﬁﬁ% R rh@t&fﬁ%]dégﬁééo‘)? v?hfe@ oﬂt%“rfegp@cﬂvgur ' ng

decodi ng o] e notion- encoded nacro non-1 frane
decoder usesacarhblogks ardhewm‘etamcs fiaone aist identifielsengithing mesraiblocks. Edmach

oL o e TR RO A VR B B0 AR o on
vectors, ammbttohq)remdmr 78@egenat§saet amtm:es@aom thatideniifies therefeleacd Famecarded
O e B B T e SRS W e BB TR v o
bl ock i20 t hiscugéey Bs16® if & @iof vt FagureiaYduasg 8edodief of tHesd meddn- t he
encoder 50 es these differences along the with notign vector so that
t he dec Ode,engg&péj macro tﬁocks of the non-| game 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
encodes the motion vectors, and the coder 66 generates respective codes for the
25  encoded motion vectors and provides these codes to the transmit buffer 48.
Furthermore, because a macro block in the non-! 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
account for them. More specifically, the motion predictor 78 provides the decoded Y
30  values of the maiching macro 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- frame. These

differences, which are called residuals, are arranged in 8x8 blocks and are



account for them Mre specifically, the notion predictor 78 provides the
decoded Y 30 val ues of the matching macro bl ock of the reference frane to
the sumer 54, which effectively subtracts, on a pixel - By~PbBhasnasSi S,
these Y vaV@&¥¥%%bm the pre- conpression Y val ues of the matching macro

bl ock of the no I dual s
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I nverse transforne dequanti zer 70 and the inverse DCT 72 so that
thi s non- Iquaefléereﬁﬁc@’effﬁmﬂwlvIdeﬂéa'ﬂtﬁf@d angripverse traasfemBed RSy t he decoder
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t he CII‘CUIt 72 t hese dgc, I to

gener a% tRTEIE gggcﬂr?vge%{%v@?%g? o%(ra}tﬁ@%ndogr?o{jgf\e(fvea:lgﬁ?ef% ?refé_r%ﬁ e

ref erence fraragtropivhieh tﬁ@reslrmmlsm:ereegendmtedofrhe suefraeréffcaddsrthee al ong with
the | 15 reference frane use |

Still
referring @épﬁtyﬁﬂ’@&ﬂualﬁﬁ"é’"}gﬁ@cﬁﬂr&}"tgg ggcigl{%ﬂ#eg,;bg?%%h{eﬁ% é? 80 to
i nsure t haﬁah@@obéﬁé@fé theheégetive §, vaMEscde thaponalréfgrdncemmmd sThene encoded
frame data at a fixed rate, never over erfl ows.

If either @fereneafameduier 76H&e’b@€[ﬂs§heé‘PPdr’%f%FFHVnB@m$?IP88%@&H? (rﬂt o the

e“COdegs daF n%h& ﬁmneﬁer uQ&mGéf%Bin@ subbediimt Aok etanfe8. over f | ovvs data from
t he coder ost he rate controller 80 uses feed 8&5@@
ed on

adj ust the qua@ﬁ"k@fﬁ@ﬁg E%S'BPWftﬁﬁteﬁP%dﬂs@oalﬁ?'ﬂch’é’es GuUath soWe
the degreeif,d t‘ﬁh{ ih%%?an%] ﬁttﬂﬁfe? Banﬁmch tIEDIg B8 mitd ice Enddde fidne dimaf f er

68, the larger the contro makes the Scale factors, and the fewer
data bi tsathﬁxed)d?é? eyegeveiflows or enptiow ol upderiowsndf @ithersf theste buf f er

the S”?{;!ﬁﬁo c@Es SPRt Al ‘?Jre lﬁ%d@é@%tbliﬁe shéddedl Bkl efréamardrt he nore

dat a bits genera I'S continuous adjustnent insures that
t he bupber esdmplei tfmaae buﬁeIrG“BI cnmsﬂowmudatmfn@mfth@mder 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 fuliness of the transmit buffer 68. The fuller the
buffer 68, the larger the controller 80 makes the scale factors, and the fewer data
bits the coder 66 generates. Conversely, the more empty the buffer 68, the smaller
25 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
is commonly called a decoder and which can decode frames that are encoded by the
30 encoder 60 of Figure 4.
For | frames and macro blocks of non-1 frames that are not motion predicted,
a variable-length decoder 84 decodes the variable-length codes received from the
encoder 50. A prediction decoder 86 decodes the predictively encoded DC
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Figure 6 is a bl ock diagram of a conventional MPEG deconpresser 82, which
is comonly called a decoder and which can decode franes that are encoded
by the 30 ewoadessst0 of Figure 4. For | frames and macro lpkosksymizanon- |
frames that are not notion predicted, a variable-length decoder 84 decodes
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For notion-predicted macro non-1 Tfranes
dequanti zer S@Fedé(h@elfﬁhé&fﬁ‘émbsﬁ@r%cess the residuals as di scussed above
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may be |rrple ed in hardware, software, of Ion o For
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20 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.

More detailed discussions of the MPEG encoder 50 and decoder 82 of

25 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,
1988, 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 an encoded image having first and second regions, decodes the first

11



1998, which is incorporated by reference. Furthernore, there are other

wel | - known bl ock-based conpression techniques for encodi ng and decodi ng

i mages. 30 SUMVARY OF THE I NVENTION i n one aspect of thePé%gﬁhi“%g, a video
processi nFXNWit i ncl udes a processor that receives an encoded i mage
having first and second regi ons, decodes the first 11 WO 01/19091
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a region of an image by decoding and re- encodi ng onlﬁ t hat region instead
of the enti reSWﬁ@e‘?'@B@'@W&ﬁﬁﬁg? maodify agegiosiaf antpage by deeeding ARdFPG on a
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i ncludes a set-top box for blending an overlay inage with overlay regions

of redhecentive framedringARIEage; QygFlay BIGeES-a di agram of a conventional macro
bl ock of pixels in an image. Figure 3B is a diagramof a conventional
bl ock of pre-conpression |um nance 20 values that respectively correspond

to the pixels in the macr BRIFFRESERIFYONOEAHEDRAWINGE and 3D are
di agrams of qulyﬁr'%tf g%iagéa?nﬁéﬁa 9ifdePrfl%'rr?é3ﬁiBE ﬁ\%ﬁ]‘dﬁg a nc%@?%ﬂgapégi\}ég%yt hat

respectively correspond t pi xel groups 1nt Fi gure
3A. Figurregbn.s a bl ock diagram of a conventional MPEG encoder. 25 Figure 5
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bl ock di agystemahatdnsludiesa Setiop boarforatiesdingao@mvdilagintageawith 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
20 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.
Figure 4 is a block diagram of a conventional MPEG encoder.
25 Figure 5 is a diagram that illustrates the concept of conventional motion
vectors.
Figure 6 is a block diagram of a conventional MPEG decoder.
Figure 7 is a block diagram of a video-frame formatter according to an
embodiment of the invention.
30 Figure 8 is a diagram of a group of multi-region video frames generated by the
formatter of Figure 7.
Figure 9 is a block diagram of a set-top box according to an embodiment of

the invention.
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enbodi nent of the invention. 30 Figure 8 is a diagramof a group of
mul ti-region video frames generated by the formatter of Figure 7. Figure 9

is a block (] of a set-top box according to an enbodi soBhasaf he
i nventi on. (11%83@3%11( 19091 PCT/ USQQO 24334 Figure 10 is a bloc d&agram of a

set-top box accaggi ; |, L¥E i DETAI LED
DESCRI PTI ON OF %@%MI’:‘%&%H@ég&% Slt% %%S%RQ%SE%WPQY@Q{‘%@S%S Into
Respecti ve dinbodipient biithe prvedibon. Regi ons Figure 7 is a block diagramof a
video-franme formatter 100 according to an enbodi nent of the invention. The
formatter 100 includes video processing circuits 10 1021- 102N for
respectively formatting BERAILED DESCRIRTIONOF THEIINVENTION recei ved from
respectiye broadcaster networks (e.g., FOX, CNN). Specifically, the
processing _ci rcwt 102 format the frrres of. eﬁch respective channel
si gnal suchEemss NEQCGE g , e £ FHE 9882 The
processing circuits 102 then prOV|de the respective processed channel
signals 1-Nto a nultiplexer 104, which conbines 15 all of the processed
channel signal s Figuig %is abieciidiagram of avigredrapiafespatiar V0wssordingjiesn

Al t hough de I g [ be
desi gned toaﬁ{oggﬁ%n@%@% %E’BQ gﬁé%ﬁﬂﬁqﬂéﬁ@g‘gm SL% @tré(%rss‘%g%‘rg@{egs t he
structut@ aﬁdZQmNa‘br mspedtivelydormatting anm;:mismd@ channemgnalﬁm N re,s:ededcussed

in detail, t bei n at r SSi Lredits .20 1022- 102N
e ol ot o M BSAS B BEL AR, hilortd e & PORESNRS. SRESGHENT, whdroEing
decodi ng thezrmmrmelfoméagmzé fré,hmewof Gaht;lh mspeﬁivermedrhémrgrnai Suctrtheidad rf]raﬂrs'\?tl@@:ﬁ.rE gi ng
to a CO”prGSSl n sta t hat |St e S as or, I's,si.m r tot

conpr essi on©agt ARG B aaaten  ebie Be rateanrin byt 1 a6 provide

not i on- vect efe REpbitReHrdckeded ERaRisY Signdia-Nes adaditdannek, whighabmdids
identifies macro bl ocks having notion 25 vectors that point fromone region

of a frase ebohihgireeassad Ch@m%ﬁlgﬁﬁistﬂhté anghRcoged "&ﬁ‘i@éﬁ*@ﬁ breafeast viteg | s,
the analyzegghl0 afrbagh bb&bed ATBH atthOGlieb Rafet kIR 100 LAREC | the
macr o bl ock has on vector at points to a erence nacro ock in
a di f f er ent desigheshtconodifievidegriields onstdtimages.r ane. A nulti-region frane
re- encoder 112, | |
i dentified nacro % )%ﬁﬁggﬁpbggs, tﬁ@gﬁugtbr%dar{%e%t%n%lﬁe \%H&Qp“&@lésxﬂé)

circuit 1024 is discussed in detail, it being understood that the processing circuits

20  102,-102y are similar. The processing circuit 1024 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
standard described in conjunction with Figures 3-6. A motion-vector analyzer 110,
receives the decoded channel signal and identifies macro blocks having motion

25  vectors that point from one region of a frame 1o a different region of the same or
another frame. That is, the analyzer 110, identifies a macro block in a region of a
frame if the macro block has a motion vector that points to a reference macro block
in a different region of the same or another frame. A multi-region frame re-encoder
1124 re-encodes the identified macro blocks such that no identified macro block has

30 a motion vector pointing to a region of a frame that is different from the region
containing the identified macro block. In one embodiment, the re-encoder 112, re-
encodes an identified macro block in a region of a frame such that the macro block

has a motion vector that points to a reference macro block in the same region of
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30 a notion vector pointing to a region of a franme that is different from
the region containing the identified macro bl ock. In one enbodi nent, the
re-encoderwdheaob- encodes an identified macro bl ock i n wredoen:pf a
frame such that the macro bl ock has a notion vector that points to a

ref er ence afBfHe? frahee |‘Fdr'éxbh®l§ e ehctie? N 12f may eWELEE thEHdroBId kIS Hiv@4 334

anot her frane, For exanple, the encoder 112, may encode the macro block to
have & mBtTBHoR ¥RGteT Wil 2 I5GatiD ¥alean(Oy &)l am(ffaﬁr egybodiment thener

embodi Mentgnchit 112 reficRdEs aﬂrid?erﬁ.ﬁeeﬂfaeﬁtﬁsmawag@ﬁntméek%%cm& ﬁas%; as an
1 block such that it has no notion vector erring to Figure t he
oper at i on AtionecTocessing circuit 102, is discussed. Figure 8 shows a
group @f three the frame
114 isgan I fraR\r(?rlfaéjrgﬁ {({ﬁ@ﬁ%sﬁrﬁsthy@e g)qlo]l%ﬁ% edaﬁ(g)%h @gﬁa@ % The circuit
102, forrmilss:ussem Exguldn&slfwwsragrdum()f this®, videwlfrarh8s itnd p118)landll18. riedhions,
here two re 122a 120b_a 220

respect i veqxg gaq‘ﬁr I gall(grﬁgnel g’f% ?ﬁjﬁﬂﬂﬁ'&‘i%g 8&%%?&%@%61%
respecti \{e'gemeguta%ﬁmrmgts édvh cffltlﬁ?érﬁéméééi,‘ml‘ltﬁ a@GdHBJlﬂtlo rﬁﬁldplbf‘r@g»%%]?ndh
regi ons a- c a oc espective | ower areas of the
frames 114?{‘ %’60 %J%E’( ﬁbg%ﬂgb gqggpfﬁfgﬁ%ﬁnﬁzwcamfpﬂw}lﬂc
cont ai{Q I egReM r\églolﬁaqmahlzg@ I@nsh%aed)Tds&uwwgémé%pe@mdﬁ&rtdﬁeaé/bﬂeO

frames, notion vect ors, and ot her nmponents of the channel 1 signal.
In one entiBaifaEes 1 11%"%@51%&8 foéthe %QRWQH?Q'SH&F'2§a'dgéeéfé‘§d§§):w=%&ro

bl ock ‘in qnsgamta,rre Wt & dréss BﬁEQ‘Fr%He‘é%W X9, a%ahaae hs%ts fdown to
t he pi xel donai n. | scussed bel ow, because t ec 8 does

not decoddeglﬁésdﬁﬁanﬁapc an§|1§aa112f2@rcon|ta§pneapectlve rmgm@dmkeﬁfzﬁonal | y decode
the macro bl OCIﬁ‘leQRe ter c@c&@% lrhe a%éé %&gbtqsveciorg anog&“@r to the

transform 20 domai n. scus§e cOder 108,
may dedodecomponestsnaf the thamrel l‘rmugrtal blrmﬂesembownienartbe d&coxter188{ i al decodi ng

often reduc he co exit dec o t,ime . of the decoder 108,

as conpar eqd %Sﬁkoﬁ’@mﬁaée%%etfe%% chﬂd?] cﬁng%ﬂ%‘f’%%\’s EEEChExe!

exani nes tvatuedecedddwmid tl'mplxelaicmaan Bubas dllseusi;eddrdadnw WeBausmthe dbzadef i es

t he macro ocks havi,n vegtors a int fromone of, the first

regi ons 12028 968 nf’Bd%c%’éﬂg%e ICH%" aﬁ E’g’ iaspgégg;imenﬁqﬂjall\y 98500 sa.

For exanplthe ridwto almksgefvnbhﬁ/holtﬁﬁnocfn mfﬁdwt@laeodﬂﬁvmtth@nanyfe%or s 124
I ne). as ssi ng" vectors.

Spect ol 4G n ANEAolur 55 dis5usp8d cRvh ASE BRCHe 1108 1y deaodi Ph s SOt o
124 poi nt sof the macro blocks in a frame. Such partial decoding often reduces the cost,
complexity, and decoding time of the decoder 108, as compared to known decoders.
The motion-vector analyzer 1104 then examines the decoded motion vectors
from the decoder 1084 and identifies the macro blocks having motion vectors that
25 point from one of the first regions 120a-120c to one of the second regions 122a-122¢
and vice versa. For example, the analyzer 110, identifies the decoded motion
vectors 124 and 126 (shown in solid line) as being "boundary-crossing” vectors.
Specifically, the analyzer 1104 determines that the decoded motion vector 124 points
from a macro block 123a in the region 120b of the frame 116 to a reference macro
30 Dblock 123b in the region 122a of the frame 114. Likewise, the analyzer 110,
determines that the decoded motion vector 126 points from a macro block 123¢ in
the region 122c of the frame 118 to a reference macro block 123d in the region 120b
of the frame 116. (The differences in the relative frame locations between the macro
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froma macro block 123a in the region 120b of the franme 116 to a reference
macro 30 block 123b in the region 122a of the frame 114. Likew se, the

anal yzer 11Q,. ..fgjgr m nes that the decoded notion vector 1&g pespks froma
macr o bl ock 02(30 I'n the region 122c of the frame 118 to a reference nmacro

bl ock 123d 4o eERStildly t he
relative f rBz;ér;CeﬁSh%c?g'te‘?iggQZ%ga?‘ %2§§Efbmﬁ%cr 0 1%%3\%8’ (635%39{319?%& / USUE!)’ 254’1334

bl ocks 122zarasgaggrstegifar piieoses efiibysbietions rdus| Belenalyzen! thddentiigs the
respecti veI t e ME t he
espect] Vel ot ik XL dCaihpIRREoBul WREGL bl dlne e
"boundar y mam drligtheisesond m@ncmss‘t 2282(22c 1 2atinfomehs theresesnamaler i €4 tbat

122a- 122¢, | that 5 the r | ocks 123a and
T3¢ have’ bOBTRAY BleRBs IR oA RN hete. Saifiuahyfosfind BRuBRFRERE fhe
re-encoder 112, |genelehiairmsitsthetrotencotén mﬂgeﬁé@t@ suibéﬁtuték&oﬂmcvmdiﬂsocks
havi ng boundary-cross g%t r& étors For exarrg the re- enc der 112,
gener at es sh¥is 1gee br%‘%i‘ﬁ VG AAEayHOSRIG 19O YB3 iFeT §XARE: T Giffe) for
the macro biqcigsr 1?@%@@%1&@3@5&?%&@ Restioh\Rkrs $peshd i s@ldhswnlin@askist i tute
10 notion vector 128 points fromits macro block 123a in the region 120b to

a ref er encelinaiderntbe prasekblogke123p anb 123 irespecticrly. aperifigady.dhe substiwte noti on
t 0
vector {30 pawal g?%té{(?{@z%:}aﬁts% fs ma‘&%bﬂagfig%%é‘m_ltﬁ% gég‘?&ﬂ ?ﬁ%b]%@réf@reﬁce

ref erence nacro : In the reglon _ er of th
substit ut e maticoblogket2dy v thesgion 1280 a@dd&@e@aﬁhée motiondestyr B4 peists t he

boundar oo, BemigIRadERfod asb 1T 1 RGEHAN 1280 koM Seeite hekfa piby Bafih i 1541 O
t hg re- gnco@ﬂonﬂlﬁ&b r'Fhusnnadm of %thttﬁtesmﬂ:ﬁ@aviﬁ@? 1§8 ahUaIBOtdn@seagbe 190

1 [
P B hEARsPaie FEE Ra i 2ob e il Setong eabRgsgos 1280 1 o 20

second nggi Bplimirddiag baaﬁday%rmﬁ@dﬂdtzdm &émm sUEh 8¢ @fRORotich Ydiforbiteatand
regi ons 120a-120c. Such, 20 nde endent |l ons gg 18ﬁften C%Illed "slices"” in
i

MPEG t er ni nofddye r%“‘éﬁ‘?éﬂégeff' SW‘hen"e SIS R CHPiNRIINgY A8 9, such
| ndependent uesacadds bishions d22£a2nsl ThAG METALRRIHROB0ARRRg- 1220

allow one to nodify one se he regions, for exanple the regions
122a-122c, @Nediegiwilurg rﬁjeneawmlsééepw wginns 192e-1gRcsandthesecendyieginns f or

exanpl e the 55949 éa@&%a&é&’ﬁnthé{grr’g%géﬁ%gﬁg?éé‘ﬁrssﬂ%e%ﬂ Sl%abl‘%bf?WSugﬁ al though

the substitute HD?IOH vectors 1 having nonzero and
zer o | oéat i owepahdard regisprearneiofienycaliedidicesiyin MRES m’rwrmiogyon%edlac@seder o

| ocat i on V%Hﬁﬁa an;%B{?Jn FHRPRASe, L indpaRbLMy bR LOPsSiRt 1 tute

noti on vectors
regions 120a-120c and 122a-122¢ allow one to modify one set of the regions, for

example the regions 122a-122¢, without having to decode the cther set or sets of
regions, for example the regions 120a-120c. Furthermore, as discussed below,

25  although the substitute motion vectors 128 and 130 are shown as having nonzero
and zero location values respectively, both may have either nonzero or zero location
values in other examples. Additionally, although the substitute motion vectors 128
and 130 are shown pointing to the same frames 114 and 116 as the boundary-
crossing motion vectors 124 and 1286, respectively, they may point to different frames

30  in other examples.

in one embodiment, the re-encoder 112, generates the substitute motion
vectors by conventionally scanning the appropriate frame regions for the best
reference macro blocks and then motion encoding the original macro blocks using
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and 130 are shown pointing to the sane frames 114 and 116 as the boundary-
crossing notion vectors 124 and 126, respectively, they may point to

di fferent \& 30 in other exanples. In one enbodi ment, ncoder
112, gener {)ggﬁ'ﬁ%e substitute notion vectors by conventlona g/&@c"gnm ng

the a r OpJ| r and t hen
ot i on eriBE R EREs PEHEBRAL FoUBERRIC, 1oheiE bE JRRYBHS e

PCT/ USO0/ k364128, thee raeenaoeﬁeen t2cscama the regiarc Ik%Oa &ud deteamipies thatdhgener at e

t he subst |t 112 ns, the region
120a and B" }eoewgﬁég??%gttﬁéhggt '#ﬁe??%é%ﬁ‘%ﬁ’@ @g‘?ﬁée o%igﬁ %qunce macr o
bl ock i n ¢ineodiegintthé 28 @ncoderdre, sansadanming at tHwnaeroetn@@dﬂ3glm1¢hS|BartS
scanni % t he ch ng‘ock 12,? *g‘,n chli S ﬁ t he TACT o | ock [;)§t he region
120a t eMasg %& P48 Y'Y} i %?ah Bl [Spiosashiot SI°6'8I93 e t he

refer encemﬂsmc’md@a@e fef@reR6€ Block 4296 lrékbléé’és ﬂh@fﬁnﬁﬁﬁm@bﬁ@g blb2Rla23pThen, as
di scussed_above in conjunction with Figure e re-encoder 112, notion

encodes t haemb|asisaussgd gbpyg)in qaaiunchan WtUtFéQLi’r Brde theniecenfogek 11238otionst ead of
the ref eéﬁﬁfb"es'@hé’ﬁl&cﬂ@@@a uémgme aLbaMuieherer & @oded 3%.« %e dPfd or m such

scanni ng and notion encoding, ~ the decoder 108, deco es at least the
i denti fi ettfengoee blnckdi28b. t he reference macro bl ocks, and the nmacro bl ocks

in theyscan r

re- en@%der 11;\%?@%%%%&5?1%%% e%gﬁﬁgéar%rﬁ%ggg%&onﬁﬁ ?&%'Pg t hat
point to tHeedemderﬂ@&rﬂB;cbdeeaf Ieastabeaderﬁlﬁed ovacy hiacksyihe caference amgro t hen
the 15 de nstructed to decode y _t.he entified macro
bl ocks andiophs apins SRS BIRERE R (K SERR oo S8 o988 0P8 5ol ne

Aldt er _n?_t i gedryviplet lﬁmecim;;(embudﬁm&1fls c:aﬁsth&t@d)wsgértﬁtétéd;ub@htd?cmﬁﬁorOVédton’(she f
identifie cks, the reference npcro. .blocks, and the regions o
e poi nt B BT I ihe e esBRMedIAGr 2 T TG TR) FRIE VEBIRrS Them g ho

i dent §4i edet@idraob| eakbe cEﬁsEtrtﬁﬂ@mé' dacotib®niahie j@intifies mefb?@bié@k@@nd the
constructed to I‘ECO%I’II ze that the substitute nption vector 128 w || point

to the refPos taMhich hgiidentified matignygstorypeint Algynatively de decades 108ent i fi ed
macro bl ogkn b&2BnstrRASEth &%@etdhllysthé%é}giﬁba in9dbro blRkEaRe Aerehe8 malggodes

the macro bl ocks 123a and 123b and all the macro blocks in the region
120a, whi Blpcks anddhe segiens PUhB@Oﬁ%ﬁTﬂéﬁamﬁﬁ that sofrespanddadie tegians of cour se

the decodgbnihfithg f@fladiiiniedMdcit/ BlcRs { PoflRfifle, e dekbadl1dd)eahbRM™s 11

their entireties. l ow t he decoder determ ne h macr o bl ocks
t o deé®deCcongirustrsd to recogmze that the substltute motlon vector 128 will pomt to the region

120a, which corresponds to the region 120b of the identified macro block 123a.
Based upon this recognition, the decoder 108, decodes the macro blocks 123a and
123b and all the macro blocks in the region 120a, which is the region to be scanned
by the re-encoder 112,. Of course the decoder 1084 can be constructed to decode
25 all of the frames in their entireties.
To allow the decoder 108, to determine which macro blocks to decode, in one
embodiment the decoder 108, and analyzer 110, interact in the following manner.
First, the decoder 108, decodes the motion vectors for a frame. Then, the analyzer
110, determines the cross-boundary motion vectors, the macro blocks to which they
30 belong, the reference macro blocks to which they point, and the frame scan regions
that contain the reference macro blocks.
Next, the motion analyzer 110, provides the decoder 1084 with the identifies

of the macro blocks having cross-boundary motion vectors, the reference macro
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enbodi nent the decoder 108, and anal yzer 110, interact in the follow ng
manner. First, the decoder 108, decodes the notion vectors for a frane.
Then, the agayAek; 1101 determ nes the cross-boundary notrcorusvenssars, the
macro bl ocks to which they 30 belong, the reference macro bl ocks to which

t hey poi nt bigykd, aiethermaaaio Hlotks irethetan rédlahns thanihairs-dnbedéref € enicscamcr o
bl ocks. Next,. the potion anal yzer 1101 provides the decoder 108, with the

i denti fi es dUINGIRHRAICREEIEHCRHIRE Kk d DA AGERLE 108 epslerades these it EFY the
ref erence mHGHE ankhYRIALHEAIBE HAEASOBARAB e rdlb Aty 1890k iR MRCT O

bl ocks in the scan regions that the re-encoder 1121 wll scan during
mot i on re- AehEnH1C0The decoder 108, then decodes these identified macro

bl ocks d provi . r > =en r via the
anal yzer 1101, HEANEy B ERERAsBI RS Sl Snkiing BrB0 RO prERer ) 0
time, the retkraoderconstti®ied wrgdrerateradtthe sulmttite mpdine vactorsahavinthiecation

substitute tion vectwr.s havi cati,on_._val ues of .zero, i el i m nates
t he need tovrta‘s?%ee?no é:ef(?‘ams FE@”@E’%)%%%%Q?? R&" ésﬁﬁ@?ir?%’?@%gg?‘gsr etﬁge macr o

bl ocks are éubb?&ugelﬂthéfafekwm;:r&lﬁiﬁqi@@a@?mreﬁt? mwaraftoeeﬁarhmejstm%é_detramelo .

noti on vectoor havi a C L.Qn val ue O Zero snown, | n I gur e ,

fhe ro- encdiasubstidieaatbryseior a0 Hoibd arsionvass Graere Ao opadn mLEBUE { ot o

referenge nmere rdbAsdHePa¢RAUSRd Oogiféa@rg’gétgﬁebﬁinr@%tf@rtHé%eEﬂ"@ﬁ%ﬁM@ bl ock 123f

as the substitute reference bl I's, the block 123f is the only

reference biebRneh@aci plpck poause ﬁé‘-"’ censtrgined 40 uge theoaeserblge 143f gs theer o.
Therefore, %Hf?x’t@ reﬁ&%ﬂ@%ﬁﬁc&.h?héﬁ&' tR8 biokR Zlglef ik e éﬁg?ﬁ‘é&ﬁ%& bk InFEkifCt S
as the s nd the

the block 1 ubstitute reference ock 1 n noti on encodes
the macro bgive khelaStoruSOrglocationowdlis dhasre Thérefosaodthoubstanniisheiregivead of

‘h o ; ) _ . .
faster and 1265 YR EOAROBEE To: el s B IRHOR} 86 elRER G0 B oo
encodi ntf i sndfieembtenserebiiesinemhacro biock 1@8nesat dise substituie refemerce flookl |

than scan e di ng. . ln, anat.he nbodi t rther,.reduce its conplexity
b encadi nifdticad Sing ARORE! eitane Bk 124€ ABRLOR i SERTSsdsnstRtine
i dentified pmereanhlieskdnised thasBigosemh dlceding deyedbddnidove heanhs@naedingt i on
vectors. At houg%enc ding . is faster and_less cor‘rg}l ex than the notion

s

(non-1) encEdft& Bfiiekt-qPRNATRIEE MO HFe Pef pixelsthapSeam ePeRdn@f f i ci ent

than notion encogdidpgther @m%@ginﬁérﬁ,ﬂo&@rﬂﬁéﬁéﬂ%‘iﬁs%nﬁﬂ&%it?%Bténfcb@iﬂg'ﬂi?d‘er, 0
bl ocks, the re-encoder 1121 re- 25 encodes the substifute nptioh vectors

and anyZ®t hée resncader bign is @mstrosted e encode the identified macro blocks as |-
encoded blocks such that they have no motion vectors. Although encoding is faster

and less complex than the motion (non-I) enceding techniques discussed above, itis
often less efficient than motion encoding.
In addition to re-encoding the identified macro blocks, the re-encoder 1124 re-
25 encodes the substitute motion vectors and any other decoded portions of the
channel 1 signal and provides the re-encoded channel 1 signal, which includes the
re-encoded video frames formatied into independent regions, to the multiplexer 104.
For any of the above described frame-formatting embodiments, the decoder
108, can be constructed to decode down o either the transform domain or to the
30 pixel domain. Because the DCT is a linear transform, the re-encoder 112, can scan,
motion encode, and | encode using DCT coefficients as well as using pixel valves.
Furthermore, although shown as including separate circuit blocks 1084, 1104,

and 1124, the processing circuit 102, may include one or more respective processors
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channel 1 signal and provides the re-encoded channel 1 signal, which
I ncl udes the re-encoded video franmes formatted into i ndependent regions,

to the nulj]j xer 104. For any of the above described fr - tting
enbodi rrent‘&é?e{/ﬁggldecoder 1081 can be constructed to decolg:eﬂiLJ é% o either

the trans Kelolus:H t ' | e DCT is a linear
transforn’t{h%'gﬁ%a re- g%cfgégiﬁfg%%%nﬁscggh!&ngﬁ%rﬁﬁgﬁ%‘%ggw%%no 4 encode usi ng
DCT coef f cambinatiorasf hertiwasesand softwarex fdditimnakys the Bboverdesonibed fuaictibesigh

shown as jncl udi | rguit, bl oc 1081 101, and 1121, the

processi nG‘QXib:éja&?@’@ggiH ﬁég’r‘%{cﬁ éh%'ﬁg]aiae%ﬁ)gdraégﬁgctive processors 17

\é\lo 0&/ 1909% Pg’l'ddiﬁﬂfﬂll?,?éi%ughlsabwpersfrecmglb_e at tl'ﬂa]tc:tb'ﬁ@laniudcl»btttnl‘megxl!tﬁfé;c rcuit
ocks, i n_har re,,software or a. conhination of hardware and software.

Addi t i%naf"??/‘?s;qﬁé' 5@\?@%@?&"’%’@8'%3&%?&%@ andy1238-17<ci8p Bedosaiedn or der

ot her t hagisbivpéredgitin tiRerbspBOiR. fraed hh@ban hiive sihehaitBhsidreWThafefbiRCt angl es

at the tops and pottons of the 5 frames 114 d 11 t he regions

, ran 4, 116, and 118, th
120a- 120c NRNP SPBRAITEDE the Arasessipa sirdit 16 Jatikdesthaireaion dmensiens,and i ve
frames angcafishdia\iRe Fd-BREo ld@i&ﬁh@@gné\__hﬁrs‘?fi%u@sed b8l 1R cgﬁjgﬁ&idﬁpxpitth the

processing circuit 102, includes the region dinensions an ocations in

t he re- entigyeRi9 chagtfop boxgaal useABisdirnensier and aalion inferorgtionsthieon wit h
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bel ow i n conj uAstisonssed beldw g cenjonctionavitmiSigees® the ostredsed dobifor titeocessi ng

ower tha | | ' cessing circuits 1021-1 o, format vi deo
1I‘D ranes i n%’fﬁﬁﬁ%ﬁg Bﬁ’g’%r ﬁ'{?ggg%‘@%ﬁ}e \f@%ﬁ grr?geﬁ\?'rl'q’ cﬁ%u'tﬁé&)g"ﬂﬁgl%bofpf@@{r‘ﬁﬁpt he
reduced trame!semtlatsnyulapid imeptel | ndénttr’e_gioa_e?/\(ill b@n’ﬁﬁg tidri @fﬂsfe?b?)he r’éhac?u/er al |
cost savings |s. ctua ver | ficant,..becaus Qr ever r ane
format t er CQWB!‘*’%PE CQP 9ft¥?lﬁ?téépli99?%'§“f%®t aTnee‘bVqrﬂ'F%O%éY'Bg%%npany

of fices thefallpiéry %iﬁbﬁhﬂ,f‘tﬁféﬁusé fop es@RdtFam@forMeBr 100 IWHIGWilItpis&ly- t OP
boxes. Thus, the conbined cost savings for_the set-top boxes wll “likely
be nuch gPedtpliadine ?%-FW@PE&%@@%%E?Y%W"‘ibﬁéitmdrqd@g hewsands: @REVRT 100 i n

a cabl e- QbR Ltitds Boxed) TR, the CimbiRed aaa%a%g%%hﬁ% Qef-BpDokxss @ilP! 0ck

di agram of a tel evision receiver system 130 according an’ enbodi nment of
t he i nventike}y behchsgreatantharptheriesraased epst sefipstallingrmnedormatier49@ in25 an HDTV
recei ver/ dhplédnpedfoffidd ch are respectively simlar to the remote control

20
Modifying An iImage Region

Figure 9 is a block diagram of a television receiver system 130 according to

an embodiment of the invention. The system 130 includes a remote control 132 and

25 an HDTV receiver/display 134, which are respectively similar to the remote control
12 and the receiver/display 13 of Figure 2. The system also includes a set-top box
136, which blends overlay frames with regions of respective video frames. For
example purposes, the structure and operation of the box 136 is discussed with
reference to the frames 114, 116, and 118 of Figure 8 and to an EPG as the overlay

30 frame. ltis understood, however, that this discussion is applicable to video frames
having a different formatting and to different overlay frames. Generally, in the
discussed example, the box 136 blends the EPG with the regions 122a-122c¢ of the
frames 114, 116, and 118. Because the regions 122a-122c are encoded
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12 and the receiver/display 13 of Figure 2. The system al so includes a
set-top box 136, which blends overlay frames with regi ons of respective
video frames, For _exanple purposes, the structure and operat,| t he box
136 is di scu?9YWrh reference to the franmes 114, 116, ar};gtr}f%@y%\suﬁ gure

8 and to an, frﬁqﬁ. Lt S , that
this di scuss"ﬁjeﬁeﬁge@%?fi c%[)%gzaﬁsgpz\%aaeo ftrhgrrbedsxS1 %&\%%ﬁgényg%%\r,%nt e
formatti ng amdodetie iefienen2avi@et.ayhémeforeshecdasetta box 138 ndduenotdiesods sed

exanple, th 36 Dbl en G.w.th the.regions, 122a-122¢c of the
Frames 114, TEE8co0 fhelpgong 1208 120k b S o EBA0N 8 Pl Sehednf 16 wo
01/19091 PCEhAISM2HESdan berdighiivatetiytibss efpenbivetiegn, tins cdit@atidi?) eet-toperdxoX
because Ehe Tol L0 2h BT GHSHRGORE B ro-PRSRIR BBSATS 1N oRATEB0R. 120¢, i
can have si gurfolraanitblerldfgs Processing power than, and thus can be

significantly | ess expensive than, the conventional set-top box 5 11
(Figure 2), whiclhmsst-taphard3o0idne sysderddO ip¢udes ariesessing pissUt Bkirety to

performthi ' ; 4158 | es a
processi ng ?@éﬁ@e%gaﬁ%ﬁ?@%d?@@%ﬁ%s anagé\%sgggg,a)é%‘?ﬁr%ﬁ%xée%%ggadcast

vi deo si gnalsateligmecampany.elroiespeniedbla ehanoshgeledt signal rers poseremand decoder
channel -gel [ f.r : 40, . nel . ector 142
Gomil t1 poxelio, Bs¥Bthel eRlc? A3 RMRTRRSER 6t laedtt sl pRIPGYBE L hannei

Si gnftl t]? arsetected ﬁﬁemcb&g&d@gaﬁemn@éri?ww ﬁecad’eew{% want s |t01\?/:i26}[N an
overlay frane sucgh as.an. mani pul at es e renpte c o 0
generate an over &QV%@F{TW‘F “ﬁ{gs f%ﬂ%&ﬁd’“&ﬁ%ﬁ@mfﬁgﬁ &éﬁ@ﬁﬁ%é‘sh%n overl ay
signal in reagepaatdsGhé kemenaohay! 182 18 YyenBitle ah BvELSPISRaA® The overlay
signal, the decoder 144 decodes the overlay frames and the overlay frame

regi ons wi t FPORHTRI EREOAS) AP Soneraiasan Qariay Signg| iBiaErpnse tptheuamay e,
referring t odn@HR® frebishsdas ‘?ﬁ@évéﬁ? fgmgggé ﬁ%&jeﬁﬁ’@ 88thdeihe Q\I@Aﬁy

regions 122a-122c of the frames 114, C ] respectively.
reasons di scligsesanhipoveday FaMeregionn with which Geveriay rameguibrbliended.

domai mor a1 1o Re iy o T Y 8 e R MRS T Ibcae ot
however, decedsiay negiomi2Zay 82acf the tiames d4# ohtS, 2p04182@specivelyeffore, the
O e MPE Bl B0 Lo EECISI BB oY MBS BB h22°
regi ons AP20aERSGndttbe anertayt regiont d2Ba11aRc dd@n to the transform domain or all the way
down to the pixel domain. The decoder 144 does not, however, decode the non-
overlay frame regions 120a-120c. Therefore, the decoder 144 provides the decoded
EPG and overlay frame regions 122a-122c on an output terminal 145, and passes
through the undecoded non-overlay regions 120a-120¢ to an output terminal 146.

25 An overlay/region combiner 147 is coupled to the output terminal 145 of the
decoder 144 and blends the decoded overlay frames with the decoded frame overlay
regions in a manner described below. For example, the decoder 144 blends the
decoded EPG with the decoded overlay frame regions 122a-122c.

An overlay region re-encoder 148 re-encodes the blended overlay frame

30 regions using conventional encoding techniques similar fo those discussed above in
conjunction with Figure 4. For exampile, the re-encoder 148 re-encedes the blended
overlay frame regions 122a-122c.
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25 An overlay/region conbiner 147 is coupled to the output term nal 145 of
the decoder 144 and bl ends the decoded overlay franmes with the decoded

frame overl a regions in a nmanner described bel ow. For
decoder 13‘29%( 3??813 the decoded EPG W|th t he decoded ove??g&%@a#é regi ons

1222 1220 An ONEEL M PILO I LRRIGOIE0nIARd 100 0dRR, FURAEATRL Over | 2y

frame 30 regl I'ng co ional - eneo |ng m ol ar t hose
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the video frames. For exanple, the buffer 150 stores the undecoded

non- over | i re€gceded everlayragions j28aflR2ein 3 secend spifof bﬂﬁ%rei,qci‘@m%(b”éfﬁﬁ stores
the re-encodgds ﬂ&?éﬂd%\yn @%qmg&%%)l%%ab&%gf1s@ﬁ?en§ﬁ§? %%E) dt?'{t]erﬁk't)f fife Sections

(buffer sections not I'n"Figure en provides the
cont ent s st amdbsedandstsetsnef huffeo aektions te thef dippiay 434 secn theh the regtams di spl ay

o oI or 208 o] S8 Rl BRI bR B SOREP Y| 00 2% 5.2 Control fer

DT er - 80T 1 oI owor T Lot - or Iader L ont o by cont a1 he oot ee of
u

obant zat FORRIhS Binerg of 8 1 e 56 8hd aReVelt it efRat] &) hobuetioniBd ong

di spl ays bh@nd@a@mg‘rﬁy@danwbmﬁ@tﬁd@égieefof quanitizatios ed BptHee-rizddet N t he

gi ven exanR the display 134 displays the franes 114, 116, and 118
havi ng thé %PG in the regions 122a, 122b, and 122c, respectlvel y.

Therefjgre, by fiecarbRy mcaercedsélsﬂdiu&glayaltrye ?éh%s@MS!éH%édﬁéfﬁeé fi8ORE Wi th
whi ch overlay franes w | be bl ended, the processi nP circuit 138 can be
ay

mich | esssetAOP RSB In S v R eTHIER. thecdishlay 44 SRRy e frames 444 AP

circuits hhdi149a0me tﬁQEPG Prifacegiend n22d, rﬁﬂssaﬁdﬂﬂlﬂ‘ésp%@wéhﬁty I'n one
enbodi ment as di scussed above in conj unction with Figure 7, channel

si gnal i ncl ude§hemgiore Rudecading and W’WW&%XS@?{Q@W {ramesTeiong Withe

di mensi ongnRh JViflay HdRAwil BRATERE, U KlobdRiRy GRRRYoBLatieHudh 3§ uses

20 complex, and thus much less expensive, than processing circuits that decode and
re-encode the frames in their entirety.
in one embodiment as discussed above in conjunction with Figure 7, the
channel signal includes the locations (within the respective frames) and the
dimensions of the regions 122a-122c, and the processing circuit 138 uses this
25 information to properly configure the decoder 144, combiner 147, re-encoder 148,
and frame buffer 150. This allows the cable or satellite operator to change the
dimensions or location of the regions 122a-122¢ without requiring hardware
modifications to the set-top box 136.
When the viewer does not want to view an overlay frame such as the EPG,
30 the processing circuit 138 does not process the encoded video frames from the
channel selector 142, but instead passes them through to the frame buffer 150.
Specifically, the remote control 132 does not generate an overlay command, and
thus the command decoder 140 does not generate the overlay signal. In the

20



25 information to properly configure the decoder 144, conbiner 147, _
re-encoder 148, and franme buffer 150. This allows the cable or satellite

operator to &{6?0“@& fhe dinensions or location of the regi %)%%/iéégﬂwﬂc

wi t hout requl Rardware rmodifications to the set-top b ﬁnthe

ewer does nobadt t t he
\pglrocesm ng c?rQ%:w t ?%%B‘éiéﬂagvgrfgﬁlqr oclégrga;’%g@n%%gﬁ%cﬁégsgg&%g trhgm t he
channel sel gmweusiviaicodad vudestfmmbqaaS!sms antieaty frbnﬂbghhameﬂ beletivand?2 baf f er
LS s SR Bt el A, AR BT ARh sOBRSHbGeP R e Y,
signal . I n tedo@fs MBI Bhd ATy pﬁk@é%ﬁﬁdeo&ﬁs@ﬂame&égbhm%@ﬁtza{lv

i gnal, the ov 4 passes thro th revj ously
orensen bl aaltizaAten b BR B a et Rt i St dhS st o
the output tdeesddraladlibes nEPﬁa@(tﬁFGﬂgﬂ thé%fd @%ePeftﬁé%f@t%rnﬁﬁsﬁs qggoder
144 perfornms no decodi ng t hus passes the undecoded frane regi ons

120a- 120c  ndnidb1 Ipat lfztb@ qe§0¢¢re14ﬁﬁr§mnt§ hapreaessingseirauit 188drosmrbsidinnt |
however, thene APeAHane dikfia8s. HofnBRacre! AEHEN t &e@%ﬁ& bld1ggy of the
I's, t eco

out put termnal's 145 - an revents the
processi ng ¢Feuds & degsidd wieripy @*ama aryl dadedegfameoepioes dnsmﬂ: aytmetermmat

Furt her gmr e,4 4Re i.de .a d erl ay
frame an dgégti@%%&gﬁr'tgﬁgﬁ%gggé§bé§%&0ﬁ§t% eﬁ?&"%ﬂﬁ?“i’ﬁ eri] ) ?rﬁe onbi ner
147 and re- énmmmilmffems{)ae@nm‘sftbetmdectqdedrfmas/‘m4 Thneraefdo*rl'g x_nttha;] eftirafye

buf fer 150 rece es t nd 1 in their
entirety f ('SH S%ffm?az(%ggr?glt thfﬁ"e a@é(p(g%cgesltﬁgse Hﬂgle%}dggi des

t hese undecmstbﬁm@p;bpmhe display 134. Still referri ng to Figure 9, in
one enbodi ment o |nven%10n the 15 qverl ay/frame-regi on conbi ner 147

bl ends the overl f SHBI P T IV 15\wER embadingsit of thejinvertiognthe .
pi xel - byspi >€ﬁbrié§ﬂﬁérﬂeﬂéglﬂﬂc@ﬁhBM\%ﬁ%?’Bﬁindékt@‘@véﬁa %h@wﬁzﬂrﬁﬁ%&ﬂg 'S

defined by the follow ng equation: (1) Blended pixe rame
pi xel val ueYediCPIORR Pix emneépaiﬁ%é!ngmnmhonelmimmﬁnwggt atttendinger | ay

| mage s an fiy {,ﬂg pi xel (overlay pixel) is opaque, then
0 such tlfgﬁr}telﬁe %B%?%rlbx @%uaﬁﬁgtel y bl ocks the coinci dent

overlay frame- regl on pi xel (frarre pi xel) fromview That is, the coincident

frame pi Xe Bfé‘ﬁ:déhgb& viiu€ = (o} & SR LR vaihd) ATk olx'liehgy\/mﬁgcgt’vailge)t he

parti cul ar
20

Assuming that the overlay image is an EPG, if a particular EPG pixe! (overlay pixel)
is opaque, then o = 0 such that the EPG pixel completely blocks the coincident
overlay-frame-region pixel (frame pixel) from view. That is, the coincident frame
pixel is invisible, i.e., transparent, if o = 0. Likewise, if the particular EPG pixel is

25 transparent, then a = 1 such that coincident frame pixel is opaque. For0<a <1, as
o increases from 0, the EPG pixel gradually fades out and the coincident frame pixel
gradually fades in. Furthermore, because alpha biending is a linear function, the
combiner 147 can perform it in the transform domain or in the pixel domain. Thus,
as discussed above, the overlay region decoder 144 can decode the macro blocks of

30 the regions 122a-122¢ (Figure 8) down to the transform domain or the pixel domain.

In an embodiment where the overlay frame is opaque, the re-encoder 148

provides a relatively high number of quantization levels to preserve the higher
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25 transparent, then a = 1 such that coincident frane pixel is opaque. For
0 <a<1 as aincreases fromO, the EPG pixel gradually fades out and
the coincident frame pixel gradually fades in. Further yse al pha
bl endi ng WO %1%hear function, the conbiner 147 can per 01?%0?{353?” the
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re- encod rkgf’%lq ﬁan re-encode the macro bl ocks of the blended 20 overlay
frame regt? PR a number of ways. For exanple, referring to Figure 8,

accordi ng to Ad disaisskaabove i thé k@en@demcvzlﬁdsftﬂ;é&dee-fmﬁ@dﬁmaaldg the macro
bl ocks of the rsa %ns 122a 122c as | blo , accordlng ko gecond
t echni queSystefe 1P8. thgdewepdar 48 candgesige e e Wéﬁ@tb]gg??e‘)fd e plesded nacr o
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particularly eff|C| ent if the EPG

according to a first technique, the re-encoder 148 re-encodes all the macro blocks of

the regions 122a-122c¢ as | blocks. Or, according to a second technique, the re-

encoder 148 re-encodes at least some of these macro blocks so that they have

motion vectors with location values of 0. This is particularly efficient if the EPG is

25 stationary and opaque, since all of the macro blocks in the regions 122a-122¢ will be

the same from frame to frame.

Alternatively, if the EPG scrolls at a known constant rate, then according to a
third technique, the re-encoder 148 re-encodes at least some of the macro blocks to
have motion vectors with constant, nonzero location values based on the scroll rate.

30 Thatis, if the scroll rate is constant, then the re-encoder 148 can calculate from the
scroll rate how far a macro block in the region 122 of one frame has moved in the
region 122 of the next frame. If the EPG scrolls in a vertical direction, then the
motion-vector location values will be (0, Y), where the value of Y is based on the
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25 stationary and opaque, since all of the macro bl ocks in the regions
122a-122c will be the sanme fromfrane to frane. Alternatively, if the EPG
scrolls at agkRoydeconstant rate, then according to a thipdriesirasque, the
re-encoder 148 re-encodes at |east sonme of the nmacro blocks to have notion
vectors wit hveﬁt%@ﬁéc%ﬂ rat@oaéﬁo&sé@cxﬁﬁeosmaécm nbé%%ﬁz&ﬂaltd(}% gﬂxén fRte. 30
That is, if the scroll rate is constant, then the re-enco can
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of the buffer, 150 ficienc encodi ng t echni que,

t h f
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may Show Up effcietfjestif ldreoNig satnrAfel drSafor idBaseR VRl Hy/REve ! egi ons

when an overl ay franme I|ke the EPG I s viewed. Il referring to Figure
9, in enbodi§RCREESRGESS; (These [P8ses BaY shay upras @ﬂ@ﬁl"%ﬁg}e vispalrestifagizdn dhe
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relatively large, the processor I mpl enent ne-only node
during W¥ich it 3“5 mfpg'mgttﬁé:lmﬁSommmdnmeamhm disdesined that the duertayt he

number of bigSnd Rald'g rdiSsvely high visual quality or where the overlay frame region is
relatively large, the processor 138 can implement an I-frame-only mode during which

it "skips” the non-overlay frame information to reduce the number of bits in the re-
encoded channel signal. This technique, which is often called “skipping the

25  background", virtually insures that the frame buffer 150 will not overflow when the re-
encoder 148 uses a low degree of quantization to generate high-quality overlay
frame regions. For example, referring to Figure 8, the combiner 147 combines the
EPG with the regions 122 of the | frames (like region 122a of the frame 114) and
stores only these modified | frames in the frame buffer 150. The buffer 150 provides

30 these ! frames to the display 134 by repeatedly sending the most recent, i.e., current,
I frame (or by instructing the display 134 to repeatedly display the current | frame)
until the combiner 147 and re-encoder 148 process the next | frame. Because the
ratio of | frames to non-I frames in a GOP is relatively low, for example 1/15, the I-
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encoded channel signal. This technique, which is often called "skipping the
25 background", virtually insures that the frane buffer 150 wll not
overfl ow when the re- encoder 148 uses a | ow degree of quantization to
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f(r)arree(olr&‘%y@e(%ir% 8@%/ %ggea B\é“ﬁﬁgﬁaﬁg&{c J?@Mé’éqt@ﬂl'?Vﬁ!bi%P&'yWWG te@ir r ent
| frane) dusplaynsurmsmstthéepc;ébécan@b é%@f&%éal@%&%%é%ﬁ@%r%a
frane. Bec sethe fh frames, to non-1 franes in a

rel ativel 5? Wﬁ)y %”6?"{5% 02 is/hey. toftah\é'ewmgztgnmr@lbepaggqtmrﬁuso@/mu

f rame- onl M(dmecdménﬁaeam thE'ERG i B b'aBk#rjaﬁn@C}HeEéD@fﬁ B Ly 8% 120-

the EPG is not opaque, then such jerk fon m eV| in the
backgr oun¥iewing is ederpanplicaables owzatzi@asx@pceptWe. l@dbauwewch jerky motion

i's visible onl ol | cause a vi ewer
typically di sp%afs/gmgﬁe FE@J(E gas‘mda? var%‘}g%ezﬁv{ﬁé@ef EEH%[ Bg‘&‘fﬁ i%on of

hi s/ her tmodlflcatl@v\pﬂgethfname-amm temkmaqwesumeklmtrm\hachgsoMrme I thelnpnt o
concefgra P jer ot | I ng EPG
Vo g 2Pl rebtne Fol dRiinbe B EREP 4t G4 kB FRous P e cuner

Re:‘:I e][rl ngemm@fmmew%lagmebx@ns moﬂhﬁhéramesrtbab!e bﬂﬁéﬁﬂﬁh bﬂtgéorglﬁaélér%d a I
modi fi catjon t echn ski p. t he bac groun only
in the noﬂmvf% 8% 5’%9”?%% l|a¥lf89'08§<z12%l°§al?f %U%$1°at99(9@ 1444 passes
t hr ough omhg cbimbinen da7 aeld e reo¥REddRY 148 Bberite 42 deSérideltbovh 'sabR that thd he

buf f er glepag&ﬁ,ée,q onti es to rovide the EPG and the overlay regions 122

of all N havsaRrmal mpsien. T'Fﬁ@”ﬁ@hﬁ%@enmmtmﬂﬁ thagegienencoder

148 owrau@oaﬁhéq;w hPEFarRb it the edhibha123 B 22 have
nornal notion. The beuffer 150 the?lggclo |nesﬁthﬁ?uﬁgg?§ﬁrﬁ§?ﬂ§3 elof t he

current | SbseqEen) Rap-tirrmes geeprctively. dheaierec therdisnlay 184 displayadha he
subsequenpieRBEd Vidkb & ERfes KRFRESSMAR h')btloﬂ_'}?ﬂ'féfrgbﬁnst'lzﬁ aﬂhé@kﬁ%%@é Kol ﬁép' ays

the blended video franmes having normal notion™in the re j erky
mot i on onintheiregiphe 12@ i b processingieicyt d3%can aigo derdesigneti36 biemd taeé so be

QoS! Ined [EPCNRNthe SiRriaf TEybhd o3 BEerPifal b BB Trahd e gl L e

processed frames have n ron 1n thereg ky motion
in tha0 r egloyas in the. regiehe 20 mgd fjerk¥inntios ||§)theadegIWIQI22descr| bed as incl uding

separate cir Cukéfewir%%%l JT%QJ a?tﬁgu%hlé'emn%d'g as e UdmlgSgéparat% i it b}ocﬁs

processor circ
140, 142, 144, 147, 148 150 and 152, the processor circuit 138 may include one or

more processors that perform the functions of these circuit blocks in hardware or
software. Additionally, the above-described functions may be performed in an order
25 other than that described above. Furthermore, although shown as part of the
processing circuit 138, the command decoder 140 and the channel selector 142 may
be separate from the circuit 138.
Figure 10 is a block diagram of a set-top box 160 according to another
embodiment of the invention. The box 160 is similar to the box 136 of Figure 9
30 except that it also converts a HDTV video signal down to a standard television
(STV), i.e., lower resolution, video signal for display on an STV receiver/display 162.
The box 160 includes a processing circuit 164, which is similar to the

processing circuit 138 of Figure 9 except that it includes a conventional decoder 166
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nore processors that performthe functions of these circuit blocks in
hardware or software. Additionally, the above-described functions may be
per f or med i@o%glﬂﬁgper 25 other than that described above. pEyAkipusEar e,
al t hough shown as part of the processing circuit 138, the command decoder

140 and t hgnghpdiRkensls HOAV-HASTURYnva er 1882 1AL BohvdBr 1BE réducedithe 138.

Figure 10 is a block diagramof a set-top box 160 accordi ng to another
enbodi nment rembeRef pielsnendinus therasolutiosofisach ichihedrantes hatihedex1198 of

Flgure 9 oﬁé&seﬁtthé?%%:{%yt‘f@[ Ay ﬁ?{ﬂ?ﬁﬁﬁ}ﬁze%of?@r}ér\‘liﬁg%gaéb%% gown to a
standard tel evision , 1.e., lower’ resolution, video signal for
di spl ay on reducsity in ettieintbe trdnsipinapr gigel dofhaind oAcdbdinglpcthedieEsoderptaiicessi ng

circuit .164 ich is,simlar th r Qcessi n ircuit 1 f.Fiqure 9
Ccont | Eratachlts el mdl of felslfatdd BEARRI Fhef 1 Gtfclipyet ol
PCT/ USOQ 2 4d3dert@nibéocatio fore RurtbamhorbDatduee ladenaeet s dediui@s eibe fiearver ter

168 reduces the _nunber of pixels, a thus the resol ution, of each of the
franes thatn{tRENEELY @e%lOW5P§§Pa\é-§fe€agg ﬁ%gawg ﬁpaxﬁr&rég Trapes; el 1 gﬁhe

converter LQdugsda REERIIEr HhD that r&EHESdR AN tHRY Néﬂéy bhe nbhaNefis) fame pi xel
domai ns. Accordingly, the decoder 166 5 decodes the’video franes of the

sel ect ed cHE8®8B. signal to whichever domain the converter 168 calls for.

Furt heryyore, be QASs I 0 entirety to
al | ow t1% conveﬁ?@ﬁ%ﬁegggggvﬁ&c%%@ég? ﬁa’t he ?fég%gsf{a we ec#%ﬁ%ﬁ d 164
i ncl udes a daesoderbtbgerkrgtes natovedawsigoaledn et dbsehee oftbe loagriansignainthever | ay

frame regqi 0, ' does . 0. M a ane,
the command aEigas® ST et hEIE it SER BTN rarl o B RE A RDE 0T ¢ e
overl ay si gmralides thee doemuemieted ighaddmthatonypsdiise ehtreties tadibd reiedeoddrr anes
fromthe deggder 1166 167[:}dT provi de(z%_t down-gon erted franes ;fn t heir
respective YiR 8tlingst 2o TRdeRICRIRI Y Ee-efippdss the OWPHENYS ed ¥Rmes &ndncoder
170 r e-ENCOsaidbs theh@ WMtheariney bisffer 158 he ibialo1aY QibodeS ahd GRblags e frane
buffer 150. The di splay 162 decodes and displays the re-encoded framnes

from the buericosse raggedrombeuligeiSthant s to view an overlay frame, the
command decoder i tEARALETRMtE RevieY e cﬂbérl?:? gaak, %h@fdoﬁﬁﬁé%&ﬁ&?édae@@@@mnd

fromthe renote control 132. Referring to gure or exanpl e purposes,
i n r esponsedangratge thpevarigy signghinlrespanse 20 aconvegnddron 68 wowHe convelr3e. t he

decoded f r?f?%‘%rr?‘g)gtotﬁ @%pgﬁﬁgf&@%%%hﬁ rr]eescf)‘rr:)g?gﬁf e Wendy SYhaemet Ne

dawn- conve me Yegi ons
20  converier 168 down converts the decoded frames and the decoded EPG from the

decoder 166, provides the down-converted frame regions 120a-120c to the re-
encoder 170 via the line 172, and provides the down-converted frame regions 122a-
122¢ and the down-converted EPG to the overlay/frame combiner 147 via a line 174.
The combiner 147 blends the EPG and the regions 122a-122c as discussed above
25  in conjunction with Figure 8. The re-encoder 170 re-encodes the decoded regions
120a-120c and the blended regions 122a-122¢ in a manner similar to that discussed
above in conjunction with Figure 9. The re-encoder 170 provides these re-encoded
regions to the buffer 150, which stores these regions as respective re-encoded
frames for display on the display 162. The rate controller 154 prevents the buffer
30 150 from overflowing or underflowing as discussed above in conjunction with Figure
9.
Referring to Figure 10, although described as including separate circuit blocks
140, 142, 147, 150, 154, 166, 168, and 170, the processor circuit 164 may include
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encoder 170 via the line 172, and provides the down-converted frame regi ons
122a- 122c and the down-converted EPG to the overlay/frame conbi ner 147 via
a line 174, §o;COMbI ner 147 bl ends the EPG and the regi ~]22c as
di scussed a%ov 2‘5 in conjunction with Figure 9. The re- efr)lg](s) %E%}%

r e- encodegngd &ane@cﬂ@eésgo@gtmieﬁé?rﬁ% m%tlé‘ﬁkdofth@s@l:ﬁ oék%%‘ilﬁﬁqﬁ%%a 122¢
in a manner simlar to that discussed ove I n .conjunction wth Figure 9.
The re- endaspitware. p‘Nﬂ)’i'Q@:‘l‘yt thesbave- Ctsﬁcnl@l%ﬂfunphqmmytbe pemfermead frean 150,

whi ch sto t I ay on
t he di spl grﬁér %ﬁ@ﬁ@hgqggﬂgggg?g %PP2€ Fﬁﬁhér&eo\?gn@ g’HL gﬁﬁasopaggofigﬁ ?‘/r om
over f | ow wgcgssmmdmn 1o, the emnmagdlmgderammd thecshainnekdelestomi42hmeiygur e

9. Refeerr ugh described as including separate circuit
bl ocks§ él%geéajié %%e}%&cm{l@f 166, 168, and 170, the processor circuit
164 may i ncl ud%ronﬂﬁe\fﬁe@binl;gﬂﬁill BAppiEEitedtRaY althbggHPSpeBificcerRbOSiMeARr S t hat
performt e ci,rcuit blocks in hardware or in software.

f t
Addi ti ona?ﬁ{)elf'?\%g '3’539‘@ BE%'E?F%‘EH’%’ eiNJAPYRYseROlStRtiRRVariouasn  or der
ot her t hamotifisatichesaay b@dn@d@WﬁhoLﬁtﬂet\IthWoﬂa thiel dpitiena stopuses e part of the
er

processing circuit 164, the comuand deco 140 and the channel sel ector
142 may BVBR¥eparate fromthe circuit 164. Fromthe foregoing it will be
appregg ated that, although specific enbodinments of the invention have been

descri bed herein for purposes of illustration, various nodifications my
be made wi thout deviating fromthe spirit and scope of the invention. 10
26 1 1111111 1~ ~~~ ~~~ WD 01/ 19091 PCT/ US44/ 24334 What is clained: 1. A

vi deo processing circuit, conprising: a processor operable to: receive an
encoded i mage having first and second regions; 5 decode the first region
of the image; nodify the decoded first region; and re-encode the nodified
first region. 2. The video processing circuit of claim1l wherein the
processor is
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operabl e to conbi ne the encoded s ' e image and the
re-encoded 10 first region of th Wﬂiﬂgw%@%@iﬁ e an encoded nodified

i mge. 3. The) Mhoep processing circdltc OL er ei n KATAISP¥/BIBEESOr i s
operabl e to: decode the first region into a transform donmain; and nodify
t he decodedahariskigigg-on in the transform domain. 15 4. The video

processing circuit of ¢laiml| wherein the processor is operable to: decode
the first region-int® Vi) RRFEFHIETIFULGIPTIRIE fy the decoded first region
in the pixel doggiBeeszor dP&rabiedgo processing circuit of claiml wherein: 20
the first region has dinmensions and a location within the imge; and the
processor is operabl eceierancenopded iraagh hviag Bist anghsesasddegionsof the first

region. 6. A video pggmgggﬁ%ﬁgﬁbwhggmé%si ng: a processor operable

to: 25 receive an en aving~Tirst and second regi ons and
an encoded overl ay i magdy theedendded fiest oagion;andi mage and the first regi on of

the base image; conbine t deco verlay inmage with the decoded first
region of the base f%a%oc{égh?%ﬁ#%%rﬁ%ﬁrpgi “first region of the base

i_rrgge; and 30 r&e_nccrd_evtdae?mwal js&ingob\i\rﬁuna;c!amﬁnMe@ésntﬂ@a’omoﬂmge. | 7. The
VI deo pr ocessi lrcult Ccl al ereln t f 0OCesso | S Opera eto
combine. t heoRaRdadecaBbbRANG BRsastRT SECORR: SRR, the JBagad s TEsNCode

01/ 1909 C frstrojoH o RTFd4800/G24a6 an eneaeripgamBdirfaged 175t 1 egi on of

t he base image to generate an encoded nodified - base 1mage. - 8. The

vi deo processi ng-ci r dBRVIGSO RIPESHNS ol of elaihé Whesrie dxopropgssor ispper abl e
to: 5 decodérﬁégﬁqu.erl ay image and the first region of. the base inage into
a transfor éomai n; and conbine the decoded overlay inage wth--the
decoded first r algicode e firairepiwndntoiantansiomm doreaint ambf or m domai n.

modify the decoded first region in the transform domain.
15 4, The video processing circuit of claim 1 wherein the processor is
operable to:
decode the first region into a pixel domain; and
modify the decoded first region in the pixel domain.
5. The video processing circuit of claim 1 wherein:
20 the first region has dimensions and a location within the image; and
the processor is operable 1o receive the dimensions and location of the first
region.
8. A video processing circuit, comprising:
a processor operable to:
25 receive an encoded base image having first and second regions and
an encoded overlay image;
decode the overlay image and the first region of the base image;
combine the decoded overlay image with the decoded first region of
the base image to form a modified first region of the base image; and
30 re~-encode the modified first region of the base image.
7. The video processing circuit of claim 6 wherein the processor is
operable to combine the enceded second region of the base image and the re-
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9. The video processing circui ' rein the processor is 10
operabl e to: decode the overlhﬂ" | ﬂfirst regi on of the- base
i mage into a pixel domain; a xdecoded ov ' e with the
decoded Y%%%?Bvbgion of -the base inmmge in the pixel doﬁgﬁﬁ&”&gﬁgo_ The

vi deo processi L rcuj.t of clai rei ver | ' COQNMPri ses a
pr ogr ameBpaed Mol i veln s Plehehel FRigB P oblifreR it sfipddRRGaEe ey

conpri sibage imagduf fer; and wherein the processor is operable-to store the
encoded secopd regjon. of the 20 bhase | e and the re-encoded nodified
irst regionor ¢ ABSKEER AidessMa FEUN o PRI GoNerRndne BIREESRIR (i od base

| mage. 5&mﬁMyhﬁFo processing circuit, gogprising: ﬁ dispI?y outpué; a
processor operable to receive an coded base Jimage having first and - 25
D eooRa g odEeod e RisTaN g Aoy e iU eORRPrAe Boest FASSIN G the
pr ocessQfansform ddt@heshd o the di splay output and operable to performthe
follow ng steps in response to the overlay signal: decode the overlay inage

“--and the firstcombieihestecoded pygiay image with:the degeggdhlirst regianeefdiedaswer | ay

i mage V\nﬁ{agy;ﬁ} 4&mbhinf €9i on of 30 the base image to-forma nodified
first regirdn of the base Inage; re-encode the nodified first region of the
base i mage; 2B 1Tbhe videplprogdssingldiccuitof tibim S:hareindhe poa@ss@ s M S
PCT/MSOO%FQ%%\’% .conbi ne the encoded second region of the base inage and the
re- encode gﬁ"fied first region of the base imge to form an encoded

nodi fi ed basiecodaties ovnldyimaye dad thefisheyiwdofithe base thdpsiato apgel on t-he

di spl ay (S)ut%ujt' nd 5 the processor operable to provide the encoded base

i mge on®H "d?'é‘ﬁ ay output in fhe absence of the overlay signal. 13. The

vi deo pr ocezsdomomé thelddeotbd overdy iagehwifieine dededay fifst Aagidrate basgpri ses a
program gui de _

image in the pixel domain,
15 10.  The video processing circuit of claim 6 wherein the overlay image
comprises a program guide.
11.  The video processing circuit of claim 6, further comprising:
a buffer; and
wherein the processor is operable to store the encoded second région of the
- 20 base image and the re-encoded modified first region of the base image in a buffer as-
an encoded modified base image.
12.  Avideo processing circuit, comprising:
a display output;
a processor operable to receive an encoded base image having first and
25 second regions, an encoded overlay image, and an overlay signal, the processor
coupled to the display output and operable to pérform the following steps in
response to the overlay signal: '
decode the overlay image and the first region of the base image;
combine the decoded overlay image with the decoded first region of
30 the base image to-form a modified first region of the base image;
re-encode the modified first region of the base image; ---
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14. The video processing circuit ein the overlay signal 10
conpri ses a renote-control overl Jmmwﬂg"m H,\Tﬁ&tg vi deo DFOCGSSI ng ci rcwt
of claim12, whuysk&gy conprising: *a buftery “and erein th §38r
operable to co |ne t he encoded second region of the base |nage and the

re-encoded nodified fédrﬁémé%%o‘a&d%géomgidpr@gﬁ? Bé(seltﬁw Qa[n'd”tﬂetr%]h

encoded second regi on and re-enco rst ion

buffer. 16. A vi ﬁ@@%@ﬂdﬁ@@@%@sbfﬁ!gm of the bage imagsego famameemd ropdifiad| e to
receive encoded j, §% Rqhaving respective first and second regions,
each of the flrst an cond regions divided into respective 20 image
subregi ons, the pr oce@'gwderﬂn@gnmdnmdlfectija@'e dneths tisplay dnitputhmd mage

subregiogs in th reqi f . rage; di t he decoded,. |
subr egi o% and rg’ é‘g%séf’fﬁég%%ﬁ?%g "?‘?T&See@gg?%é Bhimape O”ﬁﬁ
processi ng outmuin thefabstrdenoflfe oben®i sigidle processor is 25 prograrnrred to

re-encode the nogifi i e subregion ags .an intra-coded subregion. 18.
The vi deo procesg%3 e&"er%g? PEceg$Ing mirqt W@lﬁ‘f’?@e@rtﬁ@@%@ﬁy image

pr ogr ammed tcampas@gngget@rém yigdi fied i mage subregion as non-intra-coded
subregi on havi ng a notion vector with a | ocation value of zero. 30 19. The

vi deo processi ngtti r cliig video progessing ciigist ofi dpimiie whereindbe overay sigralabl e t o:

recei ve1gn Q¥R b rlay subregions; decode at |east
CrcCor iRy RuRfpliss o gtgefdg\rf]agﬁﬁ%ér@&%@\éﬁﬂ S WD 01/ 19091 PCTI USOQ 24334

nmodi fy the decodéé n"ﬁ@wéa@pe;g:eesln@ylr@mwldmmgla hethde cadpdsingrage
subregion with tg%uﬁgrcgggd overlay subregion to formthe nodified inage
subregion; and re-encoae the nodified i mage subregion by intra-coding the

modi fied i mage &henet tgi proces?Or isBperatiel kocamisioe 18 argcolid ebkdndokghairm 16
wherein the ) Cseess%%rgeland the re-encoded modified first region of the base image by
15  storing the encoded second region and the re-encoded modified first region in the
buffer.

16.  Avideo processing circuit, comprising:

a processor operable to receive encoded images each having respective first
and second regions, each of the first and second regions divided into respective

20 image subregions, the processor programmed to:

decode at least one of the image subregions in the first region of an image;

modify the decoded image subregion; and

re-encode the modified image subregion.

17.  The video processing circuit of claim 16 wherein the processor is

25  programmed to re-encode the modified image subregion as an intra-coded
subregion.

18.  The video processing circuit of claim 16 wherein the processor is
programmed to re-encode the modified image subregion as non-intra-coded
subregion having a motion vector with a location value of zero.

30 19.  The video processing circuit of claim 18 wherein the processor is
operable to:

receive an overlay image divided into overlay subregions:;

decode at least one of the overlay subregions;
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operable to: receive an overl  nt o overl ay subregions;
decode at | east one of the oviulﬂuﬂﬂﬁlﬂmn“tﬁﬂltlo nodi fy the decoded i nmage
subr egi on Wy e$@EERi Ni Ng the decdded i hmgé Subregi on wit h pchigisogmesied
overlay subregion to formthe nodified i mage subregion; and re-encode the
modi fi ed | magensdHythgdetodstl itndyersubfédion Bpadembiiny teidutodedimage a motion
vector with a location value of zero. 15 21. The videgQ processinhg circuit
of cl ai msSHbregen with the,despasduegay subregim g the mP&@EE\VEaQﬁ/EH’tPrgWOPhageS
di vi ded ig{p respective overlay subregions, the overlay inmages having a
scroll rate; decode at |east one of the overlay subregions; 20 nodify the
decoded i mage rgmc@g@memd@smﬁg%gutfrﬁaioaéwdaéercwgg he g1a6¥fiedi IBYA9Ri t h t he
decodegd ogﬁﬁéﬁgnsubregion to formthe nodified i mmge subregions; and
re-encode the nodified i nage subregion as non-intra-coded subregi on having
a notion vect @0.wi tlineavided processirgicisnvitdiclaiori® wherainethe I6oEBsomise vi deo
processinﬂvggagqu of claim 16 wherein the i nage subregi ons each conprise
a respectrve nacro bl ock. 23. A video processing circuit, conprising: a
di spl ay out putreceiveaacweday imanepdieidet intd lnsedayspltaggions;put and operabl e to:

30 receive a sequence, of encogded | es each having respective first and
second regi onsqeeclioﬁg ag!—ﬁ?ﬁleﬂ%%ofjﬁemgﬁ%@sﬁ‘t?{fapgpﬁoded and non-intra-coded

i mgesy decodembdify the'ddcod&d irfayPéutrBgibh by xofbitang tHedsodedimage [ 11111
[11121112111211211211211 WD 01/19091 * CL MS * PCTIUSQO 24334 nodify the
decoded f fYlyegBYYythe decedrabaveriay suRfrgion todofm the modiiied image sEPregiahe
encoded sgg@nd region of the intra-coded i mage and the re-encoded nodified

first region of the intra-coded image to form an encoded _
re-encode the modified image subregion as a non-intra-coded subregion

having a motion vector with a location value of zero.

15 21. The video processing circuit of claim 16 wherein the processor is

operable to:

receive overlay images divided into respective overlay subregions, the overlay
images having a scroll rate;

decode at least one of the overlay subregions;

20 modify the decoded image subregion by combining the decoded image
subregion with the decoded overlay subregion to form the modified image
subregions; and

re-encode the madified image subregion as non-intra-coded subregion having
a motion vector with a value based on the scroll rate.
25 22. The video processing circuit of claim 16 wherein the image subregions
each comprise a respective macro block.
23. A video processing circuit, comprising:
a display output;
a processor coupled to the display output and operable to:
30 receive a sequence of encoded images each having respective first
and second regions, the sequence including intra-coded and non-intra-coded
images;

decode the first region of an intra-coded image;
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5 nodified intra-coded i mage; and [ ded nodified intra-coded
i mge on the display output. 24. mnmw&mﬂﬁm’;@gm ng circuit'of claim23
wherein thegyRRr&ss0r is operable*tocuncoupl e the respectictrishaiaadia and

second regions of the non-intra-coded inmages fromthe display output. 10

25. The vi deo procesgbéify thldedbdedfirsEiedidn; 23 wherein the processor is
operabl e to uncouple the respective second regions of the non-intra-coded

i mages fromthe di s@l‘%o_é@mﬁumﬁ’dﬁ@‘? fildée@iPReo processi ng circuit of claim
23 wherein the pr Oceéo"‘r%inéé _ﬁ}e SRPLRA sBed ref%ﬁmd&%’éjfﬁtrta%d%h ?rﬁ%gé 864 g2 of a

non-infra-coded image; nodify the decoded first region o

non- i nt r a- codedra-aaepsied meditietbrabreginn ofdlae Mitreccaded dmagety forme@h angeded
non-int ga- coded, j imaa:: ».c a0l e,encoded second region of the

i nt ra-céded i rragle ang ) E?ee(rg%éde]ﬁlcaégéa%rﬁmdi fied first region of the

non-i nfra-coded i maggrovdefioe encotdedmodiet ink8-cmldd image omtrgediseiayg opipati de
t he encoded nodified.i mage on the displ. ut .. 27...A video processing
ciroult . conpri Zhng: T4 PAge Btrnp araurY T 4ok 1k olireitels rmge
havi ng fir gperitte &emmd?reetge esspectivibiirdegrarisedong régiosd oftRd neeSstAtco@al ons;

change the resolution of the first and second regions; nodify the first
regi on af t NagemigMige Asplayedddit i on; and re-encode the nodified first

regi on.4g28. Theyi deonpyREE HRoRRsihb cftlit olaif] 24 Whgréiﬁ‘ﬂ%:p%ébstsl?ﬁspr ocessor
is 30 operable to change the resolttion by reducing the resolution of the

first and Sweste tawigcyne the Tespeplyersgcrad 98giPET pUBe OpABBxRcdRd Megesi deo

processi ng ¢5i | & im 27 wherein the processor is operable to
conbi ne thé&%ﬁgg%%aﬁégggﬁynlegion of the imge and the re-encoded first

regi on of the iRfge Tbe yitleopateesaingeircutiefiaivd?d whereimiigero@@sohe vi deo

processi ng Q:bl I‘%?Lf%% .of claim 27 wherein the processor is 5 operable to

change the 8 %on of the first and second regions in the transform
15 decode the first region of a non-intra-coded image;

modify the decoded first region of the non-intra-coded image;
re-encode the modified first region of the non-intra-coded image,;
combine the encoded second region of the intra-coded image and the re-
encoded modified first region of the non-intra-coded image to form an encoded
20 modified image; and
provide the encoded modified image on the display output.
27. A video processing circuit, comprising:
a processor operable to:
receive an encoded image having first and second regions;
25 decode the first and second regions;
change the resolution of the first and second regions;
modify the first region after changing its resolution; and
re-encode the modified first region.
28.  The video processing circuit of claim 27 wherein the processor is
30 operable to change the resolution by reducing the resolution of the first and second
regions.
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domain. 31. A video processing cj | I SjNg: a processor operable

to: receive an encoded base imag| Hn ;ljﬁﬂ.ﬂ ;Moverl ay inmage; 10 decode

t he base i‘gggﬁlc?@md the overlay i ' H i t he de oh3ss, | mage
ed o

and the deco verlay image in the transformdomain to forma nodified

I mge. 32. Th id 'd'-lé‘oeﬁr%' G Ii el ; rel processor
is further ogzegr(abﬁgeﬁ{lj re-eﬁggsélgé E:'ﬁ%uﬁ% |Ia}"iq1e%l ﬂhng%ém%ﬁggeésgﬁg vi deo
pr ocessi neperablede combing the engadetheecsing regionmf theeinsage argd theperexicbded o

conbi ne tﬁ}gt %E%dgqﬁgﬁg%%{ag%eﬁ?éﬂﬁa%ﬁn%ré%%gﬁé’dﬁ#eﬁ%@gl endi ng the decoded

base i mage an Vi €0 processing circuit
of claim6 whe3ki n Theevidee praoessimggrircuit ofiplains 22 whepsinghepragesstsr.is 20 35. The

vi deo Qprocessi circuit of claim erein the base im conprises a

i deo Fr afiesiabgto ghofdr bedes BT hEEIFIGAND SeEind Fedp i iha tanSlray out put
a process@smaipupl ed to the display output and operable to: 25 receive a
sequence of i% a-codﬁg and non-intra-coded i mages; and provide an

i ntra-coded i Be 4 YARP RECCESTING /RIS FAMREISIGS pl ay output i n place of at

| east one of tagrdie8sdrigerattofd i mages from the sequence. 37. The video
processing circuit of cl'aim 36 wherein the processor is further operable
to: 30 decode the irRE®I¥E 8b@aEOHehBase imagergnd arceneasisdayeriay inmagrided i nage;

15,7900, oL A P Sy i | 1111 1LY
intra-coded i mage tapmbiee thesqecayed bapetimage phditfe décoded oveday intage iof t he
O O R R RS Bl T T2 OIS g
32. The video processing circuit of claim 31 wherein the processor is
further operable to re-encode the modified image.

15 33. The video processing circuit of claim 31 wherein the processor is
operable to combine the decoded base and overlay images by alpha blending the
decoded base image and the decoded overlay image.

34. The video processing circuit of claim 6 wherein the overlay image
comprises a program guide.

20 35. The video processing circuit of claim 6 wherein the base image
comprises a video frame.

36. A video processing circuit, comprising:
a display output;
a processor coupled to the display output and operable to:

25 receive a sequence of intra-coded and non-intra-coded images; and

provide an intra-coded image from the sequence to the display output
in place of at least one of the non-intra-coded images from the sequence.
37. The video processing circuit of claim 36 wherein the processor is
further operable to:
30 decode the intra-coded image;
modify the decoded intra-coded image;

re-encode the modified intra-coded image; and
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5 second region; nodifying the dec ful gn, and re-encoding the
nodified first region. 39. The netg Eﬂ"&i Eﬂg&gﬂfuLther conprlzlpg
conbi ng the encoded second region of thecl t he re-encode i rst

regi on of thgoﬁﬁgﬁglto forman 10 encoded nodified inage.PEa@g d%3tet hod

of claim 38 whergin; e ' . LS decoding first . regiqgn in a

t ransf orm domai nsllcgfr?&mﬁ%ge"gr@%%#gl'ﬁ%&)‘?ﬁ?ﬁﬁ?gg%ﬂ% %?P’ﬁéﬁ of'f?é’?g‘éﬁ%%eeﬁ%%i rst

region in ttemst omesf themondoimaicoded natks fibvethesdsyadned. cl i’:ll (rjn 38 wher e:jn: Lhe
decodi ng conpris degcoding, the first region into a pixe onmi n; an t he

nodi fyi ng corrprigé‘s %m?%&f’m&&a&oded first region in the pixel

domai n. 42. A negéading it regidrgof sdetoeied imag@Ra@ng aeflsOdgiohahdigrege and
a first éegi on rg{) ap encoded base image having the first region and a

second r&gi GRCTEYFEIGH ng t he decoded overlay image with the decoded first

regi on of the baggifi %&ébofdgﬂ'?ﬂét‘r%’g%i&‘i‘,da% first region of the base image;
and re-encodi ng theif%ﬁgnded first region of the base inage. 25 43. The

met hod of cl ai m E@engagingiée reedifind fshiggiovonbi ni ng t he encoded second region

f the b ' - | I | |age to
form an encoded. agat 1 s g od UHERAg e, irk oS gkl bl e SfesfRer ci
t he decodi ngeconpregpasofdae toigegachthe se-entaded fimgegmndf tieinfdgest foregaon of

the 30.Rase.l i ansform domai n; and the conbi ning conpri ses
conbi ni Hg t%@cﬂiécgoﬁgggﬁgg@?%éﬁ/ i mage and the decoded first region in the
transform domai n4045. THhmetridhsidianh 38l whareih? \Ahe;elsgbl 2223}11 !h decodi
11111121121122222123 1 ) 1 1 1. 1 WO 01/ 19091 PCT/ U t he decoding
conpri ses decodi % qler?é’dW@mlsﬁﬁﬂ@@d&?ﬁ%ﬁsh@gﬂnﬂﬁp & EndermpeomaiB: aphse
i mage into a piXgle Hedmjiny cafgtises modifying the decoded first region in the transform
domain,
15 41.  The method of claim 38 wherein:
the decoding comprises decoding the first region into a pixel domain: and

the modifying comprises modifying the decoded first region in the pixel
domain.

42. A method, comprising:
20 decoding an encoded overlay image and a first region of an encoded base
image having the first region and a second region;
combining the decoded overlay image with the decoded first region of the
base image to form a blended first region of the base image; and
re-encoding the blended first region of the base image.
25 43. The method of claim 42, further comprising:
combining the encoded second region of the base image and the re-encoded
first region of the base image to form an encoded modified base image.
44.  The method of claim 42 wherein:
the decoding comprises decoding the overlay image and the first region of the
30 base image into a transform domain; and
the combining comprises combining the decoded overlay image and the
decoded first region in the transform domain.
45.  The method of claim 42 wherein:
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t he conbi ning conprises conbi ning the decoded overlay i mage and the
decoded first region in the trtﬂﬂ"ﬁ“ﬂ“ t&ua 46. A nethod, conprising:
an overlay_node, conprising: d d overlay i e and a first

L

ma
region of RR%EN®¥ded base irmgé havihg the first region P&T&gsgo’é‘@%nd

regi on; conbinin h oded over | mage Wth the decoded fjrst region
of 10 the bag}ée?jﬁéaﬁngggwgpﬁ?sag?ﬂﬁ% {5'8 erigy Imagg 6’H§j firregionfithg ge:
re- egcgdi base ireagertintola ﬂi?el{dhdrﬁ%inragj on of thet Ease i mage; dcgn?i ni ?g the f
encoded second, regi on .o e .base immage .an e re- encoded first region o
the base i rraggh?(‘}gf'&‘q’r?%ﬁ°'@ﬂ%%ﬁa€9’ﬂgaﬁ‘9itgﬁgﬁﬁ%‘@d PvRRgy iMmagrIand the ovi di ng

t he encodgécodedifirita€gida e tHepafsféth doMampP! @y output; and a non-overl ay

node, conprising providing the encoded base i mage on the display output.
47. The net hod4%f émem%gcmr@narthe overlay inage conprises a program

gui de. 20 48. a%HFérE?qno@é’%ngﬂs . decoding at |east one inmage subregion
in afirst region of an encoded |fmage having the first region and a second

regi on divi ded i nt slecedibaan ensodad guerawimagenans a firsbukidion oftart ércodedoded

I mage subregi oy, - | L ] ubregion. 25 49. The
met hod of cl a%%@%ﬁé?}%@%ﬁ%%ﬁ%@%ﬁ?%gcsé%?eb%g%i%’ﬁover| ay i1 mage divided
into respective oveaombinieglthedécoued oveday ihage with treaddcoded fiedt rédien efer | ay

subr egi ons; rein di fvin i ges .conpjning the decoded inmage
subr eg(? on w%et‘?ﬁ?éegfﬁ%%%g%b&'\%'ear ﬁ%gé%gﬁ@rr%d?%'ﬂ" gg{hleot?'%et"ﬁ’@gﬁndi fied i mage
subregi on; and 30 mkmceﬂmgtth\em?if@dwﬁﬁragio?wwiébﬁei' ed ﬁOdi ng the

nodi fi ed i mmge subregi.an. . 50. T met hod of cl aim 48, further conpri sing:
recei ving an over | &PMHHEE the &0 disf?PB"‘?é%%'beia‘b@ bgseimage anpthegieons: 34
11U 11111! 1 | éndolidd Fitstirégion 0OHe1BR0Mhgb td/fdrrlan Sh&ddedIdddified base

image; and
15 providing the encoded modified base image on a display output; and
a non-overlay mode, comprising providing the encoded base image on the
display output.
47.  The method of claim 46 wherein the overlay image comprises a
program guide.
20 48. A method, comprising:
decoding at least one image subregion in a first region of an encoded image
having the first region and a second region divided into respective image subregions;
modifying the decoded image subregion; and
re-encoding the modified image subregion.
25 49. The method of claim 48, further comprising:
receiving an overlay image divided into respective overlay subregions;
decoding at least one of the overlay subregions;
wherein the modifying comprises combining the decoded image subregion
with the decoded overlay subregion to form the modified image subregion; and
30 wherein the re-encoding comprises intra coding the modified image
subregion.
50. The method of claim 48, further comprising:

receiving an overlay image divided into respective overlay subregions;
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decodi ng at | east one of the overlay subregions; wherein the nodifying
conpri ses conbining the decodecﬂ gmamﬂlﬂ'ﬂﬂﬂ with the decoded overl ay
subr egi on tq%é {ﬂ)& he nodi fied i > ABICYR Ory and V\here%ﬁ{h&@’z“

re- encodi ng ﬁ{’) "des non-intra to ing and generating a no V8&tor for
t he rmdifiedima% I8 ' r.paving a | ocation val ue of
zero. 51. The net ggﬂfﬁﬁﬁg%négﬁh%%ﬂéy¥@gr%§xroln%i ng: receiving an overl ay
i mge di vi ded i nwiereiinstpe cnadifging\oenipaiges otinbipingrke deb@dedimgleaepb'rim@'es
having a sc ’ [ : t,.one of the overlay subregions;
wherein thﬁﬁ‘éﬁﬁ@%@&%%ﬁ%@%@%%hﬁﬁé tp%gogﬁ@gdggggﬁgé@g@bﬁg ion wth
t he decoded overwhgresuihe egieacodiog t@nmiséme}dmid'trgicedingrmag@eﬂatutiﬁglaoﬂbtic&nd
wherein the re-encodi ng .conprises . non-intra codi ng apd .generatin mot i on
vect or f%r Y?Fgornéﬁﬁ‘ﬁ@ad‘ﬁ% gﬁﬁﬂbé@’%%?ﬁ@‘Hﬂt"regtﬁfe@ﬂ'?%ﬁ?wpﬁ agxe of

| ocation vapae 15 based on the scroll rate. 52. A nethod, conpri sing:
decoding a first_region of an intra-coded i mage froma sequence of encoded

i ntra-coded and $ibn-iMermaetgd of clpiva g8sfudhencanarising: r especti ve fi ast ang
g i ohs: 20 Ta=t : el L ening the
oo e o0 iy Vi Sty g

modi fied first region; co regro _
i nt r a- codedovengydmages hawng @-scedligetted first region of the intra-coded i mage

to formgn encod@&%ggg%éBﬁ%ﬁhe%ggﬁ%%%gggwg,nd 25 providing the

encoded nodi fied 1nt ge to a '53. The method of claim
52, further conpwheieimgtheohaiyirglaciprisbe combpéet the decbdadsimagedubaind

e o B A S o e Bt s ienl T o o
t he non-i ntra- cotlhereimhges-chcoding bemgiissd mon-inB8 cbling Bhe gerbhagidg efmetici m 52,
ot 11 o RGBS o 5t b o Seed: ol e Ve ™0
r e- encodgngbhdewy sl doesll fakg st regi on of the non-intra-coded i mage; 35
52. A method, comprising:
decoding a first region of an intra-coded image from a sequence of encoded
intra-coded and non-intra-coded images each having respective first and second
regions;
20 modifying the decoded first region;
re-encoding the modified first region;
combining the encoded second region of the intra-coded image and the re-
encoded first region of the intra-coded image to form an encoded modified intra-
coded image; and
25 providing the encoded medified intra-coded image to a display.
53. The method of claim 82, further comprising holding back the respective
first and second regions of the non-intra-coded images from the display.
o4.  The method of claim 52, further comprising holding back the respective
second regions of the non-intra~-coded images from the display.
30 55.  The method of claim 52, further comprising:
decoding the first region of a non-intra-coded image;
modifying the decoded first region of the non-intra-coded image;
re-encoding the modified first region of the non-intra-coded image;
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WO 01/ 19091 PCT/ US00/ 24334 confi i ed second region of the
I ntra-coded i mage and the re e !HH:HM! "Bj&ﬁ |on of the non-intra-coded
i mage to f‘gémd%gencoded nodi fi cl > wPr ovi de th$cqﬂf598?€34rmdi fied

i mge to the |sp’l ay. 5 56. A nethod, conprising: receiving an éncoded

I mage having f| e reqj . d I the first and, second
regigons; changdlowl?'ﬁg%}ezgrg%@g Idos%g%é)@fg%oq Sﬁgg "gﬁiic cge@dm?gF@é‘BgH% re-

modi f yi ngertdedefl ifirsttregieny iobtheafdreintraltedgd itgagé to foen @nwncoded avdifietio
re-encodi,ng the nodified first region. 57. The nethod of claim56 wherein
t he chang’f'%&eca%ri ses reducing the resolution of the first and second

regions. 58. Tgrevidetiwensddedmodifiedbimdds toltRé disprg! | Si ng ponbi ni ng t he
encod secor%re%iion of, the i_maaie) and the re-encoded first region of the
i mge X o generdte ABEHIPdeRRBREYNSdi fied i mage. 59. The method of claim 56

wher ei n the chap&iiing shHRoLEE ImEJRRMNIAG fitsh 8nd s8R dHebRiRsOf the first and
second regions in t%e transformg%%nai ﬁ@ 60. A net r%%b cg’rrpri sing: receiving

an encoded bastecoringdhafitst and sReenEbiegiNs: | ay i mage; 20 decoding the base
i mage and the @,\éﬁﬁgnggh%wgioawtﬁé)?%k hageddify fgﬁﬁﬁg:ed base i mage and the

decoded overl ay 1 iTa ~transtorm donain t orm a nodified i mage.
61. The net hodmedifyingithe: fest regiontafier changing i$ regoludiorrarati ng t he nodi fi ed

I mag 25 62. LI e 2 erein the conbining conprises al pha

bl engﬂong t he Jé%&éﬁﬁ@&ﬂgﬂ?o@g@fﬁ%@%%. decoded overlay imge. 63. A

met hod, conpri&4.ng:Theauethed of claire &Guemereindhe ichanging ootagrisestredasing e a- coded

| mges; a LoV di n jntra-coded i nage fromthe sequence to a display
iR 8 el Cihd Sdepa

device in JF¥98¥ the non-intra-coded i mages fromthe
sequence. 64. She rMHemdtholl of ckiiMm563furfhier tHRPrisiAgBOMBINIMG thedpeedédg t he

received isencgorn _rggi%%%f ithrre‘ai ea;ge arﬂ%dthfe%-%%cgc?eed ﬁlrg'? rct)a%?oorlx éfr'gttmé %ﬁggoedt%dgeinré?gtg;
15  an encoded modified image.
59.  The method of claim 56 wherein the changing comprises changing the
resolution of the first and second regions in the transform domain.
60. A method, comprising:
receiving an encoded base image and an encoded overlay image;
20 decoding the base image and the overlay image; and
combining the decoded base image and the decoded overlay image in the
transform domain to form a modified image.
61. The method of claim 60, further comprising re-encoding the modified
image.
25 62. The method of claim 60 wherein the combining comprises alpha
blending the decoded base image and the decoded overlay image.
63. A method, comprising:
receiving a sequence of intra-coded and non-intra-coded images; and
providing an intra-coded image from the sequence to a display device in place
30 of at least one of the non-intra-coded images from the sequence.
64. The method of claim 63, further comprising:
decoding the received intra-coded image;
modifying the decoded intra-coded image;
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36 WD 01/19091 PCT/ USQOQ 24334 re-encoding the nodified intra-coded inage;

and wherein the providing conprises providing the re-encoded intra-coded
image to the display device in place of at |east one of GLP8yse0/24334

non-intra- cY84* % hges fromthe sequence. 5 111111 111111 1TII1 II111 ii
1111 L MS 37 : — .
re-encoding the modified intra-coded image; and

wherein the providing comprises providing the re-encoded intra-coded image

to the display device in place of at least one of the non-intra-coded images from the
sequence.

LT
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