28 June 2005 WO 02/056599 PCT/ US02100527 METHOD AND APPARATUS P8RIune 2005
PROVI DI NG PREDI CTI ON MODE FI NE GRANULARI TY SCALABILITY This is a

nonprovi si onal application claimng the benefits of provisional 5
application no. filed January 9, 2001, entitled "Providing Prediction Mde
Fi ne G anuw@mpesps9scal ability." BACKGROUND Video is prPFWé‘g%lﬁ‘l’s% a series of
still pictures, one shown after another in rapid succession, to give a

viewer the illusion of notion. Before it can r ' over a
communi cati on cMNEFHGD %ABBA%'HH%FQB}’%%‘&“@@P%&DHEW@, or
"encoded,"” into a digital form In digital for the video data are nmde
up of a series of bits CQN%%%NUBM'%%%AEWE% the bitstreamarrives at
the receiving location, the video data are "decoded,"” that is, converted
back to a viewable form Due to bandw dth constraints of comrunication
channel s, video 15 data are often "conpressed" prior to trapsm ssion on a
conmmuni cati on crﬁﬁﬁﬁélnpnPf@?ﬁ*ﬁ}‘%§ElﬂEﬁﬁ°ﬁPg':€wP@§@}etb"-??{‘t%"fcﬂ’é‘@’i‘%‘?ﬁ ion of picture
quality at the receiving end. A conpression technique that partially
conpensab esappbieatibnse. ( degr adafilpdhinuasy 908, prtifefl ARxeviding Fsediciont i ng t he vi deo
data into a "base layer” and one or nore "enhancenent |ayers"” prior to
transm ssi ovodéltie: Gaseatiyypealatilitg ' udes a rough 20 version of the video
sequence and rmay be transmitted using conparatively little bandw dth. Each
enhancenment | ayer al so requiresBACKGROUNIDDW dt h, and one or nore
enhancenment | ayers may be transmtted at the sane tinme as the base | ayer.
At the recei vi ngidesn printipallyaseridsay stil piayrehene doonlattacatothetin t he enhancenent

rapid succession, to give a viewer the illusion of motion. Before it can be

10 transmitied over a communication channel, analog video may need to be
converted, or “encoded,” into a digital form. In digital form, the video data are
made up of a series of bits called a “bitstream.” When the bitstream arrives at the
receiving location, the video data are “decoded,” that is, converted backtoa
viewable form. Due to bandwidth constraints of communication channels, video

15  data are often “compressed” prior to transmission on a communication channel.
Compression may result in a degradation of picture quality at the receiving end.

A compression technique that partially compensates for loss (degradation)

of quality involves separating the video data into a ”bas.e layer” and one or more
“enhancement layers” prior to transmission. The base layer includes a rough

20 version of the video sequence and may be transmitted using comparatively little
bandwidth. Bach enhancement layer also requires little bandwidth, and one or
more enhancement layers may be transmitted at the same time as the base layer.

At the receiving end, the base layer may be recombined with the enhancement

1



1 28 June 2005 WO 02/056599 PCT/US02/ 00527 | ayers during the degdijAg 2005
process. The enhancenent | ayers provide correction to the base |ayer,
consequently inproving the quality of the output video. Transmtting nore
enhancenent | ayers produces better output video, but requires nore

bandwi dt h. wo ¢gess®econpr essi on nmet hods and file format PCRASEOPBEEN

st andardi zed, such as the Mdtion Picture Experts G oup (MPEG standards of
the International Organization for Standardi zation. For exanple, one

wi del y- usediagéraaaaigihé decoding gewess.ofpreabasicement &ayds REWVidS ATRPEG 2. A
conpression techni que used in MPEG standards encodes changes between

i ndi vi dual gt BseRyéraddisdquidtyrimpuingOheiratigroé renambeiie®es. The process
results in a substantial saving of bandwi dth. 2 28 June 2005 WO 02/056599
PCT/ US02/ 0052t daim & SERhRHcaNafrs FiokindbiReaNeNGSp Tt wdeor bt eaquigsnvent i on i s
illustrated by way of exanple and not limtation in the figures of the
acconpanyi ng, crawiRgses. i n which like references indicate simlar elenents,
and in which: 5 Figure 1 is a functional block diagram showing a path of a

video signal. B QUL 2eishn@ndthdS kndliR GhamsHhaybeagstuidietizednantli ng and

conpression. Figure Is a hierarchical representation of enhancenent
layer data Iaspﬁf'ea‘ MO%IOItI ?%c&ﬁgf&perts Group (MPEG) standards of the International

Organization for Standardization. For example, one widely-used standard for
video compression is denoted as MPEG-2. A compression technique used in
MPEG standards encodes changes between individual pictures rather than the

10 pictures themselves. The process resulisina substantial saving of bandwidth.



Figure 4 is a flow chart showi ng steps taken by a server. 10 Fpgujignhé 2605
bl ock di agram showi ng vi deo decoding. Figure 6 is a block di agram show ng
vi deo encodi ng and conpression in accordance with one enbodi nent. Figure 7
is a block diagram show ng vi deo decodi ng in accordance with one
enmbodi mentWO BS993 June 2005 WO 02/ 056599 PCTI US02/ BOBUSI28STAl LED
DESCRI PTION Figure 1 is a bl ock diagram showi ng a general path taken by
vi deo data being distgihuted rk. The input video signal 10 is
fed into an encoder 12t E@%@&‘Sﬁ%@%@ﬁlo into video data, in
the formof a nmchi ne-readabl ,egﬁmseri es of bits, or bitstream The video
data are then st&FEFeR ynaRg i dinstated Waway of gxample arg pos timjtetion; he vi deo dat a.
When the server, 14 receives a request for the video data, it sends the
data to a tPHsdsies ot the gecomprmyingramiags inswhirielieaefarenesingicate comuni cat i on
channel 18 on the network. A receiver 20 receives the data and sends it as
a bi t st r earfflpr glepepts e ipwhicthe decoder 22 converts the received 10
bitstreaminto an output video signal 24, which nay be then be viewed. The
encodi n@ done i Figené éxkfrnatipnatiblock diaglawehbuigy pathie ekleb ggnalt echni ques such
as MPEA, resulting in a base layer, that is, a body of data sufficient to
perm t gener at i Fignre® ise hlock\iirghaen shiodry Wdaearingoihdkaapessicual ity than is
represented by the source video sequence. The base | ayer conprises a | ow
Figure 3 is a hierarchical representation of enhancement layer data in a

i D

bitstream.
Figure 4 is a flow chart showing steps taken by a server.
10 Figure 5 is a block diagram showing video decoding.
Figure 6 is a block diagram showing video encoding and compression in
accordance with one embodiment.

Figure 7 is a block diagram showing video decoding in accordance with
one embodiment.
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15 bandw dth version of the video sequence. If it were to be depgdagha™D0os
vi ewed, the base | ayer woul d be perceived as an inferior version of the

original video. Enhancenent techniques at the receiving end, to be
di scussed bel ow, conpensate for the m ssing data and produce a snooth and
aest het i calVP¥28%¥4si ng out put video. 20 Enhancenent PE/B30MRA capture the
difference between a quantized/truncated base video picture and an

ori ginal unquantized input é;ﬁgg 2: ﬁture. Enhancenent | ayers enhance the
quality of the viewable vid < ted fromthe base |ayer.
Conbi ni ng the base l.aye if.h a single 4 28 June 2005 WD 02/056599

PCT/ U802/ 00527 E%H%&B%?T@ﬂ%%Cf%@”%ﬁ“%‘%%%”é@@%%%ﬁ@%es a correction
to the vi deb%.d La and an inproved output video. Conbining an additional
enhancenent F%a)]éﬁmb‘ﬁ%‘i’)’ie%ge"ﬁ%i Thoinant Edqorsigeel 1/ faghintaatdintodenal

i nprovenent . Conbi ning the base layer with all enhancenent |ayers at the
recei vi ng é%dWWFIP'FOHF’%fgiﬂ"?SISIﬁ‘IH)Wi igpogatyyinsia foof ofpuatdhingresdabley equal to
the original input video. Typically each enhancenent |ayer would be one
"bit slite"sewss of his, e itsweann e viflap data hre tBercstoradiored seareg By ptidingeach
enhancenent | ayer for each picture would consist of a series of bits. The
enhancenenta tequeetrfer the eider dida sihénrths seeter 34 wayivds A adquedt k@ thd vidgdo enhancenent

| ayer woul d contain the nost significant bits, the second 10 enhancenent

| ayer woul diatapit baidn the detanex traidhster 36, G¥HidH t€MRhitdht Sata ABH; $0 ON. This neans
that the nost significant correction would be made by the first
enhancenentohayeicaticieblrizel Ben TR RHEARAAGERRETE 208X S ESthYRLL drgont i nue to

sends it as a bitstream to a decoder 22. The decoder 22 converts the received

10 bitstream into an output video signal 24, which may be then be viewed.

The encoding done in encoder 12 may involve lossy compression
techniques such as MPEG—4, resulting in a base layer, that is, a body of data
sufficient to permit generation of a viewable video sequence of lesser quality than
is represented by the source video sequence. The base layer comprises a low-

15  bandwidth version of the video sequence. If it were to be decoded and viewed,
the base layer would be perceived as an inferior version of the original video.
Enhancement techniques at the receiving end, to be discussed below, compensate
for the missing data and produce a smooth and aesthetically pleasing output
video.

20 Enhancement layers may capture the difference between a
quantized/ truncated base video picture and an original unquantized input video
picture. Enhancement layers enhance the quality of the viewable video sequence

generated from the base layer. Combining the base layer with a single
4



inprove the output quality. In this way, the quality of the outpgtjyhdeD0s
can be "scaled" by conbining different nunbers of enhancenent |ayers wth

the base 15 | ayer. The process of using fewer or nore enhancenent |ayers to
scale the quality of the output video is referred to as "Fine Ganularity

Scal abi | i tYOUY¥6RES, FGS may be enployed to produce BCWBHWHSH quality of

out put video. Although conbining the base |ayer and all enhancenent | ayers

during the rocess w.l | rog(i;*ce an out put video with picture

ecodi
qual ity nea?%?ncsﬁlﬁ%?ay%”zﬁ TR CeRATOrTEARRa the Hideddai r ai nt s of the
comuni cati on channel may nmake this result unfeasible. Bandw dth
const rai nt ?“H'@"%PWDBW LA Vidsat Corgbinige pn additionsherdarasmentdgier s to be
transmtted with the base |ayer. FGS permts the base |ayer and
enhancementPrPUesadditigna] gorzecHprnand; additiopal ipisvgment. Gomliningthe bibeen the 5 28
June 2005 WO 02/056599 PCT/ US02/ 00527 base | ayer can be transmtted with a
nunber of dn¥faiés B srhanegmantlapars stdhe recdigng endhyell besnld i aitilecof t he parti cul ar

channel. In general, the greater the bandwi dth of the channel, the nore

enhancenientoufsy ef gualigyneirly ¢qualie thietorigthakihputgidedt h t he base |ayer, and the
better the quality of the output video wll be. 5 A viewer who receives

dat a havi ng norEpiaitaeck anahcdnayelager atoalithe@ne tHiading lof fR\iifger@e | ar ger
bandwi dth will be able to view output video of better quality than a

Vi ener who daac & steh afl akeh gt @ cl @ibehceRRMARLLIR Bch bangE wodldong a  channel
having a smal |l er bandwi dth. An advantage of the enbodi nent descri bed

herein is tbdst bfiesedésdR Bits Aha eARAIRERIr dre BARRNS s R o Wl flient channel s
having 10 different bandw dt hs.

the first enhancement layer would contain the most significant bits, the second
10 enhancement layer would contain the next most significant bits, and so on. This
means that the most significant correction would be made by the first
enhancement layer. Combining more enhancement layers would continue to
improve the output quality. In this way, the quality of the output video can be
“scaled” by combining different numbers of enhancement layers with the base
15  layer. The process of using fewer or more enhancement layers to scale the quality
of the output video is referred to as “Fine Granularity Scalability” or FGS. FGS
may be employed to produce a range of quality of output video.
Although combining the base layer and all enhancement layers during the
decoding process will produce an output video with picture quality nearly equal
20  to the input video, bandwidih constraints of the communication channel may
make this result unfeasible. Bandwidth constraints may allow some, but not all,
enhancement layers o be transmitted with the base layer. FGS permits the base

layer and enhancement layers to be stored in the memory of a server. Then the
5



Figure 2 denpbnstrates one embodi ment of encoding and conpre55|oggqhnﬁ32005
series of input pictures 30, resulting in a base |ayer bitstream of the
video data 32 plus a bitstream of one or nore enhancenent |ayers 34. The
base | ayer bitstream 32 and enhanced | ayer bitstream 34 may be conbi ned
into a si n§P&BEPHut 15 bitstream 36 by a mul tipl exer PENEPOBY. The base

| ayer nmay be created by standard video encodi ng and conpression techni ques

40. The enc%%ﬁ?m%ﬁ&@bec@%}g%ﬁgeﬁlmgﬁy i 3 U8RGSOV ot Rye Pufigure 2 are

illustrative are no 0 achreve conpr essi on.

Encodi ng an 0 n discrete caosipne tran m 20 ( DCT)

42, quanti z'glfelgonrgjv‘fl%§l E%EP%“@MGF Igghe@atl't#'%%ra’i‘ﬁ ?\’fﬂ’é}”“ﬁ% trF| gure 2 also

i ncl udes te&lhnﬁq%ﬁés for en od| he chan es bet n |n ual pictures,
&

which incl® grepe LAy eis Iy b ansipite % %8t e cosi ne

transform(IDCT no |on corrpensatlon (M), 54 W|th notion vectors
({MV.)) 59‘%‘?&?’?##&2‘138"% e gality of dheyimt videy wiYs56599 PCTI US02/ 00527

estimation, frarre store 56, and subtraction 60 of an earlier picture 62
fromthed | nput Agieier Bo sacpigesatchaing mest enhancepentdavarsdangfr om one pi ct ur e
to the next. }%@re 2 al so shows a subtraction 64 which results in the
creati on ofcharehhavingsergerlpadwidthvvilbie ablerie wiew otitpat vided afbsttdsi t s of t he
di fference between the 5 quantized base video (al so known as,
r econst r uct pdlifyithinadeyer avihe redeives datajraitigifoes ehinpodmeni tgeas albng Ei gure 2, the
enhancenent | ayers corresponding to each picture represent enhancenents to
t he changeshbetellesing andiallerdaaiwidic tAf @9antagealf R embbd@imeanttafbedent s to the
i ndi vi dual pictures thensel ves. Wen the
herein is that the video data can be easily adapted to different channels having
10  different bandwidths,
Figure 2 demonstrates one embodiment of encoding and compression of a
series of input pictures 30, resulting in a base layer bitstream of the video data 32
plus a bitstream of one or more enhancement layers 34. The base layer bitstream
32 and enhanced layer bitstream 34 may be combined into a single output
15  bitstream 36 by a multiplexer (Mux]) 38.
The base layer may be created by standard video encoding and
compression techniques 40. The encoding and compression techniques 40 shown
in Figure 2 are illustrative but are not the only way to achieve encoding and
compression. Encoding and compression may employ a discrete cosine transform
20 (DCT) 42, quantization (Q) 44, and variable length coding (VLC) 48. Figure 2 also
includes techniques for encoding the changes between individual pictures, which

include inverse quantization (IQ) 50, an inverse discrete cosine transform ({DCT)

52, motion compensation (MC) 54 with motion vectors ({M.V.}) 59 from motion
6



enhancenent |ayer data are arranged into individual enhancenent 2igayghré. 2008
first 10 enhancenent |ayer would contain the nost significant bits of
enhancenent data, the second enhancenent |ayer would contain the next npst
significant bits of enhancenment data, and so on. These arrangenments of
bits maybeWOAPEH*"bit planes" and they may be gener RCEYSBPOA bit pl ane
slicer 70. In the creation of a bit plane, one or nore start codes may be
inserted in the bitstre a rkers 5 Figure 2 shows the insertion of
two start C%S%Iengg%%@ﬁ?’mff fﬂaﬁ‘q%tf“mll60&%3?1%]%’%&%862%0“1#}3%0 obj ect

| ane” may bhe rked wth a start code 72, and a start code 76 may al so be
Pnserted at B PITR ARCAR ??ASOFBE%?WW@B@WﬁWng%h bit plane. The
insertion of start codes to mark bjt planes represents, in effect, markers
for the enhanc %mzﬁq%@?‘gsﬁﬂlb‘?ﬂ"@%ﬁ Whick msvltsdp thegeeatormeft codes are usef ul

when the video data are decoded. A start code nmay be a unique,

byt e-al i gneﬁ'ﬁ'é@?ep‘é%“@fer%vb@hpow thewaripisdits of the differenmedetweaytheconsi st of

four bytes, the first three bytes identifying the start of picture data (a
st ar t - of ? pi €taptized baga)deodaish kriowniap, necbndhytied pitemes) dnd thg t he data (an
identification 7 28 June 2005 WD 02/056599 PCTI US02/ 00527 code) .

Ordi nari | y wsuntzehapuendet Ih Byere 2cihe edpantthigydrocog@sbnPingtdire in the

base | ayer may be narked with a start code. In one enbodi nent, each picture

in each erdngiementplayeemhmmymbes fRhkenys binaeshafiasndeurs vel | .
Byte-aligned start codes allow a parser or other processor easily to

search a bismtherthamanhbfemehtd @ th filivia! BEdnes G .sANE. YAkl to parse the
bitstream Through the use of start codes, the bitstream my be parsed
into a basenh@y@hen®lay¥ d@artl Alrihe@d fitd MBivRFual enhancement layers, the first
10 enhancement layer would contain the most significant bits of enhancement data,
the second enhancement layer would contain the next most significant bits of
enhancement data, and so on. These arrangements of bits may be called "bit
planes” and they may be generated by a bit plane slicer 70. In the creation of a bit
plane, one or more start codes may be inserted into the bitstream as markers.
15 - Figure 2 shows the insertion of two start codes 72, 76. A group of bit planes called
a “video object plane” may be marked with a start code 72, and a start code 76
may also be inserted at bit plane VLC 74 to mark the beginning of each bit plane.
The insertion of start codes to mark bit planes represents, in effect, markers for the
enhancement layers in the bitstream.
20 The start codes are useful when the video data are decoded. A start code
may be a unique, byte-aligned series of bytes. For example, a start code may

consist of four bytes, the first three bytes identifying the stazt of picture data (a

start-of-picture code), and the final byte identifying the data (an identification
, .



more | ayers of enhancenent data. Figure 3 provides an illustratpgnifhe 2G05
codes that may be inserted into an enhancenent |ayer bitstream Although
the bitstream may have several start 10 codes to identify the presence of
video data within a bitstream the start of a particular video sequence
may be nmar¥e&RHPFHh a "vi deo object layer” (VOL) start PCEBH¥EY. Fol | owi ng
the VOL start code 80 wll be a series of pictures, which may be called
"vi deo object, .pl.anes’ or VOP. A VOP may represent actual picture data or
it may repr%’é@hbr‘@ﬂgﬂﬁ8%“@‘%?‘?1‘%??@‘%?‘5?%‘?@%@%@%@e ctugiptie ni cture or VOP
15 may be marked with a VOP start code 82. VOP start code 82 nmay be

i nserted atP%RYer B1ax ke mapked athagiarirogs. Jp pae eombadimeng@peh Hitedmch” enhancenent
| ayer for each picture, called a_"video object bit plane" (VOBP), be given
its own VoEewrlpqcemegideyenmay hepmked with aglotisodmsigll. Betepbimedt ed at bit
plane VLC 74 in Figure 2. Each picture may in turn be conposed of snaller
units cal | etprtagesadigwa papsgr orthep pronessdriesdly ipseatgh a Gitseamj tbs own sl ice start
code 86. Slices, which in general are horizontal strips of a picture, may
in tam be rdanifigrtot cadeiand essiictr passe theddstolabo Ghsnughliermbdfeekis, i n general ,
are conposed of 256 picture elenments, or 8 28 June 2005 WD 02/ 056599

PCT/ US02/ 0@6&%, thé hitdtisam atay dn geded intoa Lhée-1byer dbvidapuRtnd Basbr macr obl ock nmay
also be marked with a start code. I n the absence of start codes for each

pi cture i n machyenbbamberentnddayer, the data for individual enhancenent
| ayers may not be easily recovered. A 5 conputer processor ordinarily could
not, by checki nggdy b esovRies SilidstraliSh 8f M\ @des that may be inserted into an
enhancement layer bitstream. Although the bitstream may have several start
10 codes to identify the presence of video data within a bitstream, the start of a
particular video sequence may be marked with a “video object layer” (VOL) start
code 80. Following the VOL start code 80 will be a series of pictures, which may
| be called “video object planes” or VOP. A VOP may represent actual picture data
or it may represent changes from one picture to the next. Fach picture or VOP
15 may be marked with a VOP start code 82. VOP start code 82 may be inserted at
bit plane slicer 70 in Figure 2. In addition, each enhancement layer for each
picture, caﬁed a “video object bit plane” (VOBP), be given its own VOBP start
code 84. VOBP start code 84 may be inserted at bit plane VLC 74 in Figure 2.
Each picture may in turn be composed of smaller units called “slices,” and
20 each slice may be given its own slice start code 86. Slices, which in general are
horizontal strips of a picture, may in turn be made up of units such as

macroblocks. Macroblocks, in general, are composed of 256 picture elements, or



whet her a particular byte was the first byte of data for a partpgulighe 2005
picture. A byte-aligned start code, by contrast, allows a conputer
processor to determine quickly where data for a particular picture begins
and where the data for the particular picture ends. In this way, start
codes per nVVP 0##§65% nhancenent layers to 10 be easily PEWEWH005ZH | of the
conpressed video data nay be stored in a nenory device, such as a server
pending a reqyest for_the data by a client., Typically a client is an
applicatio i Eﬁarfgéﬁﬁbasféébyfjé%‘f%%e%a@ TaeRbladk peyalspihgamedmith f rom t he
server. The steps, by which a server may provide video data to a client are
shown 15 i3 e 4. The video data, including the base and enhancenent

| ayers, are stored in the server's nmenory (90). Wien a client nmakes a
request to the Ydh¢ahisence gfstarheodes faresclypicairainead cahawementiayat i on channel
(92), a processor in the server determnes the anount of bandw dth on the
client's cdoheanoaindsrndedharhantemestiiyers Miena ba pasilymgvevady s i n whi ch t he
server may ascertain the anmount of available 20 bandwi dth. One way is to
have bantwicdmipputenprocesedriootingrilpedutibebt by chivkinglbiyRnbf. dah, dpEeeRssor in the
server further determ nes how many enhancenent |ayers may be reliably
transmi t t edviatleng padieulatigmeds thavirbtiye: df demdsrai gaahlBy pemsinvidt h (96). 9 28
June 2005 WD 02/056599 PCT/ US02/ 00527 After determ ning how nany

enhancenentbyleafighial staycode, byetast Qﬁm%%rcﬁﬁ?uteﬁ%ﬁbcd%o? RAdcRerfiddl € St ream of
video data to be transmtted to the client (98). The bitstreamto be

Lr ansii {t equiaRty f1aed anietor PSR BETre B ARG WAerd TRE BupRPRRCETENt | ayer's, up
W

to the ban h of the avail abl & channel. The nunber o
particular picture ends. In this way, start codes permit the enhancement layers to

10 be easily parsed.

All of the compressed video data may be stored in a memory device, such
as a server, pending a request for the data by a client. Typically a client is an
application which requests resources, such as the video data, from the server.

The steps by which a server may provide video data fo a client are shown

15  inFigure 4. The video data, including the base and enhancement layers, are
stored in the server’s memory (90). When a client makes a request to the server
for the video data along a communication channel (92), a processor in the server
determines the amount of bandwidth on the client’s communication channel (94).
There are many ways in which the server may ascertain the amount of available

20  bandwidth. One way is to have bandwidth information provided by the client. A
processor in the server further determines how many enhancement layers may be

reliably transmitted along the channel, within the available bandwidth (96).



5 enhancenent | ayers sent by the server need not be a whol e nunpgrjunad 2005
way, flexibility is added to video transm ssions by adjusting the nunber

of enhancenent |ayers transmtted to the client according to the client's
bandwi dth. To prepare the bitstream the server may use a demultiplexer to
separate Woa2bmse | ayer data fromthe enhancenent | ayEFUPH27 and nmay t hen
parse the 10 enhancenent | ayer data into a bitstream of a suitable nunber
of enhancenent |ayers. Start codes_inserted during the encoding process
maybe used for PHESIeigminingovenARHRBARRTeNtdIyers mYbe st fBeserYe8 or di narily
arranged in the order of nost significant to |east significant, and the
server wi || M3BAEPYAa bitgipamef videadateto t@ﬁiat‘%ﬁ?dm@fgqmti(%a\n'ﬁ@. Transnitted
enhancenent |ayers will represent nore significant 15 corrections to the
base | ayer , bitstrdam brbettransmitied may irchade p baspildyer andppnesemere| ess  si gni fi cant
corrections. The base |l ayer and parsed enhancenent |ayers nmay be

mul ti pl exederhabmmanidayed, ep i thsbandandi i the ataflaltle dasmal. SBheorumbet gfur e 5
denonstrates a nmethod for decoding and recovery of video data that has
been tr ahs narthha@mbyt layessaemety thasetveAnaa ivthiaodidlamuntharingtis asg recei ved 20
by a client. At the receiving end, the input to the decoder includes a

bi t st r eam ofiexitiilélp & ad@aécbro Yo trdikenilHidnS by e@BHAL theindfBeddt a 100 may be
separated into a bitstream of base |ayer data 102 and a bitstream of

enhancement erhad@mestadydrs kifhsmifted (HARMHichPdLoring (HBEMIhy dPWRin Pe used to
separate the bitstreans. 10 28 June 2005 02/ 056599 PCTI US02/ 00527 The

e oy oo RIS bbb B Ml o
and thg: base layer data from the enhancement layer data, and may then parse the
10  enhancement layer data into a bitstream of a suitable number of enhancement
layers. Start codes inserted during the encoding process may be used for parsing.
The enhancement layer bit planes are ordinarily arranged in the order of most
significant to least significant, and the server will send the layers in order of their
significanice. Transmitted enhancement layers will represent more significant
15 corrections to the base layer, and non-transmitted layers will represent less
significant corrections. The base layer and parsed enhancement layers may be
multiplexed into a single bitstream prior to transmission.
Figure 5 demonsirates a method for decoding and recovery of video data
that has been transmitted by a server over a communication channel and received
20 byaclient. Atthe receiving end, the input to the decoder includes a bitstream of
video data 100. The bitstream of video data 100 may be separated into a bitstream

of base layer data 102 and a bitstream of enhancement layer data 104. A

demultiplexer (Demux) 106 may be used to separate the bitstreams.
' 10



enhancenment |ayers may not have involved identical steps, theresgayRe 2005
differences in the decoding processes as well. 5 In the base | ayer decoding
pi peline 118, the base | ayer nay undergo variable |ength decoding (VLD)
120, an inverse quantization (1Q 122, an inverse scan (1S) 124, and an

i nver se di wongesesseosi ne transform (1 DCT) 126. The VLDPCROS62045E) 122, |S 124
and | DCT 126 operations essentially undo the VLC 48, Q 44, S 46 and DCT 42
oper ati ons perfgﬁnﬁg uring encodi ng shown in_Figure 2. Decoded 10 base

| ayer data may theprspBYssead dessbpncement lagers Bygy b atofifferRat) 130, which
may reconstruct individual pictures based upon the changes from one picture
to the nextecodng processan o “pirelineg o, 188 Justas treemodingsi baseprd 134 may be
stored in a tenporary nenory unit called a "frame buffer” 136 and nay be
used as a fpRGeRRdayeBanatet havgtinrolved identical $tEpETthéi2 @nagibe sorbe used by the MC
130 to 15 determ ne how the next picture in the sequence changes fromthe
previ ous péiffergness irBbedarsding procdsBEHEs w&B may result in the creation of
invalid video data, a "clip" function 132 is used to adjust the data. For
exanpl e, 5a val i ththe e lagatdemdingpipdiiee 2u8ythe bab tfyehaip@eRrdd and 255
inclusive, with O representing a black pixel and 255 representing a white

pi xel . 1 theiablGChgdpRE@IMINLDPBO) Blikkcis qaihtizitid (IG) 128 anegaki ve nunmber, the
clip operation 132 may set that datumto 0, maeking the datumvalid.

Sinilarly, doin{i$)a2d, XdarOREER iRt RBink BLAERS (AW IRELIVERYSY, than 255,
the clip operation 132 nmay set that datumto 255" The output of the base

ayer 11 26 puns: 4008 V02056530 BRTHSNZ 80507 icPel bap 110 15 bade

| ayer video data 138. The dec ues s

and DCT 42 operations performed during encoding shown in Figure 2. Decoded

10 base layer data may then be processed in a motion compensator (MC) 130, which
may reconstruct individual pictures based upon the changes from one picture to
the next. Data from a previous, or “reference” picture 134 may be stored in a
temporary memory unit called a “frame buffer” 136 and may be used as a
reference. Decoded data from the IDCT 126 will be used by the MC 130 to

15  determine how the next picture in the sequence changes from the previous
picture. Because the IDCT 126 may result in the creation of invalid video data, a
“clip” function 132 is used to adjust the data. For example, a valid video datum
may be any number between 0 and 255 inclusive, with 0 representing a black pixel
and 2b5 representing a white pixel. If the IDCT operation 126 returns an invalid

20  negative number, the clip operation 132 may set that datum to 0, making the
datum valid, Similarly, if the IDCT operation 126 refurns a number greater than

25D, the clip operation 132 may set that datum to 255. The output of the base layer

11



Figure 5 are illustrative but are not the only way to achi eve degogling.2008
decodi ng pi peline for enhancenent |ayers 116 is different fromthe

decodi ng pipeline for the base | ayer 118. The enhancenent | ayer bitstream
104 5 may be further separated into individual bitstreanms of enhancenent

| ayer dat aWo@Z0%PO, 112, one bitstream for each enhanc®FEHE20EEr. A
pre-parser 114 maybe used to separate the enhancenent |ayer bitstreaminto

i ndi vidual bhitstr of enhancenent_| ayer data 108, 110,112. The
pr e- par ser Iilfﬂnﬁégaaiggﬁeﬁﬂérﬁ %0 G5farie Thedsrqdingderdaiquasseadt during t he

encodi ng prgcess 76 _to acconplish the pre-parsing 10 Pre-parsing pernts
the data fﬁ%&éﬁ%ﬁ%&%@q%@m@w{wﬂwem cpdinge decoded in
parallel. In Figure 5 several enhancenent |ayers 108, 110, 112 for a
single picture %WC%%PIPM@TG@%@G@H@mWﬂalWdiffaterlbfintwaﬂ@errent | ayer was
transmtted, it forns a separadte parallel input to the decoder. In Figure
5, M | ayer sdegpding pipplinederdbelbage laper138. fhe edhhelemeiftiayebbitstrean 104ast , | ayer 112
may have been truncated by the server prior to transm ssion, and need not
be a conpl eney bedyaher séacttedinheindieideslbitstaapes ofpandengdariger datwlLD process 140,
and an IS process 142. Because quanti zation rmay not have been required at
encodi ng, |1Q8/1AY, 11%) bndisitsirean &4 eichenkdenthRREE BEFE-pats@1®d Sagtd | Ng decodi ng.
20 After 1S process 142, the enhanced | ayers may be accunulated in a bit

pl ane accurnusk@toepatdd thebiRarRbher la3aehiBe G Micth@bidhdrbipharR%es t he nost
significant bit ?or each bit plane in its correct place, the next nost

P ) oyttt e 100 98 il {0l | enhanceren
start codes inserted during the encoding process 76 to accomplish the pre-parsing.
10 Pre-parsing permits the data for each enhancement layer 108, 110, 112 {o be
decoded in parallel. |
In Figure 5, several enhancement layers 108, 110, 112 for a single picture
may need to be decoded. If a partial enhancement layer was transmitted, it forms
a separate parallel input to the decoder. In Figure 5, M layers are to be decoded in
15 parallel. The Mth, or last, layer 112 may have been truncated by the server prior
to transmission, and need not be a complete layer. Each enhancement layer may
undergo a VLD process 140, and an IS process 142. Because quantization may not
have been required at encoding, IQ may not be needed for the enhancement
layers during decoding,.
20 After IS process 142, the enhanced layers may be accumulated in a bit
- plane accumulator 144. The bit plane accumulator 144 places the most significant
bit for each bit plane in its correct place, the next most significant bit in its place,

and so forth. If fewer than all enhancement layers had been transmitted by the
12 '



WO 02/ 056599 PCT/ US02/ 00527 server, the bit planes may not be fo8l A ldoos
and sone data in the bit planes nmay be indeterm nate. Several routines for
filling out the bit planes may be enployed. For exanple, the sites for the
| east significant bits may sinply be filled with random noise. The bit

pl anes mayWPRYEH$Ihder go an | DCT operation 146. 5 The BEFPWSE0 from t he
enhancenent |ayer pipeline 116 represents a correction which is then
sumed 152 with qﬁﬁaase | ayer vufﬁﬁ%138. The out put. fromthe summ ng

oper ati on f§§mﬁ§%’ ey gy ey be Sl filed iag samedatainghe bif planes magyt - of - bounds
data. The output 154 fromthe clip function 148 is a final version-of a
picture, e Frinpte. pevesslranines ey fing et thabitplenes may hetmplayedwi dt h, and
ready 10 for viewing. This picture may be stored in the frane buffer 136,
and may serhfs exanple thesjtes fontbeleas sighi§eant bits payctimpks be 6llddovitow. A t ypi cal
viewer wll read data fromthe franme buffer 136, which can provide a

st eady st r gandast neifed dbe it planesenaydhen undergh en INCBopmratiomiiés. decoder shown in
Figure 5 is exenplary. Some of the operations 15 depicted in Figure 5 are

| i near, and mayTkeyugeut 150ran thefhlemementlagepipcBuatmtreasentd 82 of t he base

| ayer and the enhancenent |ayer, for exanple, may be performed prior to

| DCT oper atdooasiod MhichdSthedsunidiel 159 wéth tha basd laydr VRO 838 W8e &ip@di Nent's,  nmany
of the operations in the enhancenent |ayer nmay be done in a serial nanner

rather t harfrontthp @ik operBorl 156 @29 uaa&pslh M WunctoRg4giBRBRLARENt | ayer is
generated by using an alternative FGS. Simlar to FGS described above, the

al ternati veuEESHaas il THEOGHR: Bl HonaREARINMLAIR M2k A [LagRS | Nt O a base

layer of relatively low quality video d multiple ar rarily scal abl e
enhancenent, giiuye RnAfiRed AMAE &tddt permitted by the channel bandwidth, and ready

10 for viewing. This picture may be stored in the frame buffer 136, and may serve as
a reference 134 for the picture to follow. A typical viewer will read data from the
frame buffer 136, which can provide a steady stream of video picture data to the
viewer.

The decoder shown in Figure 5 is exemplary. Some of the operations

15 depicted in Figure 5 are linear, and may appear in a different order. Summation
152 of the base layer and the enhancement layer, for example, may be performed
prior to IDCT operations 126, 146. Furthermore, in an alternative embodiments,
many of the operations in the enhancement layer may be done in a serial manner
rather than in parallelL

20 In one embodiment, the enhancement layer is generated by using an
alternative FGS. Similar to EGS described above, the alternative FGS coding
scheme also encodes video data frames into a base layer of relatively low quality

video and multiple arbitrarily scalable enhancement bit-plane layers of
13 _ _



13 28 June 2005 WO 02/056599 PCT/ US02/ 00527 i ncreasingly hi ghepgalighé 2005
video. One difference is that the alternative FGS uses higher quality
references (e.g., previous enhancenent franes) for sone enhancenent |ayer
coding to increase the coding efficiency. H gher quality references nmay
provi de noW@OHEWP ate notion prediction. 5 In one enmbBEI/WENB052T | | ust r at ed
in Figure 6, prediction nodes 678 is added to the |ower enhancenent | ayer
680. In particular, with the prediction npdes 67& a.s g ection of the

i nput vi dedcreastpgly highesqualityvidep-One ‘ﬁ%“%ﬁﬂ%ﬁgﬁﬁ'ﬁPmP5$ Un be predicted
(i.e., generate the difference between input video and previously
processed hisher qualifyapfetences (o peayjoup pefipnesmenbiratgs) for 1 r ef erences). 10 In
one enbodinent, as illustrated in Figure 6, there are three different

predi ct i onentsgesnent lay¢rceding toiinmease Geredies eftiviensit Higherdiwsity uct ed base | ayer
682 (using the current reconstructed base |ayer may reduce the error
drift); 2) ref@epmds oby provide omrd dveurpteandtiongreditiemcenent frane 684 (for sone
scenes, higher quality references come fromthe notion predicted :
enhanceent | ayebne dofwdinmt, Ihstiaed iHigurad,geedidion eddess78 isaddedi due and

i nprove coding efficiency); and 3) Prediction fromthe conbination of the
previ ous e ReRAEEihahseai¥h: layed 6800 én patiEdla it e pralictioc nodesiase | ayer 686
(e.g., an average of the two references or sone other conbination of the

two separ af gudseliBh 81 GE fbut $iRe0qB 8., £HRAEHIDRY In thé BasR@hesilliehcaf the
predi ction node is adaptively 20 performed by conparing a subsection of the

i nput vide . ; . _ o ovi oUs
enhancenen?e#&gﬁgd€81gaﬁﬁgggﬁgg%ﬁ¥&%%%%%??ﬁﬁg?%%5ﬁﬁig&m&m@

processed (e.g., quantized video) from one of multiple references).

10 In one embodiment, as illustrated in Figure 6, there are three different
prediction modes: 1) Prediction from the current reconstructed base layer 682
(using the current reconstructed base layer may reduce the error drift); 2}
Prediction from the previous enhancement frame 684 (for some scenes, higher
quality references come from the motion predicted enhancement layer, thus we

15  use this mode to reduce the residue and improve coding efficiency); and 3)
Prediction from the combination of the previous enhancement frame and the
current reconstructed base layer 686 (e.g., an average of the two references or
some other combination of the two separate references).

In one embodiment, the selection of the prediction mode is adaptively

20 performed by comparing a subsection of the input video (e.g., a macroblock) with

a sul;secﬁon of the previous enhancement frame 684, the current reconstructed
- base layer 682, and/or compare with a combinéi:ion of the previous enhancement

frame and the current reconstructed base layer. Based on the comparison, the
14



base | ayer 682, and/or conpare with a conbination of the previ o8 June 2005
enhancenent franme and the current reconstructed base | ayer. Based on the
conparison, the 14 28 June 2005 WD 021056599 PCTI 11S02/ 00527 prediction
node can be selected. In one enbodinent, the reference that is closest to
the i nput WYP8¥YSRdul d be sel ected because there woul dPEEUIYES27]i f f er ence to
encode. In one enbodinent, the criterion for closeness is based on the sum

of absolute different peween_b] ocks of. . pixels. .|l n ope enbodj nent,

peri odi cal P’S?'fhc‘f“?{bm%‘ieescﬁ’ég‘i %%ﬁm@fﬂntoﬁﬁe’ﬂg‘@dﬁ%ﬁtt%ﬁmﬁ?ﬁ eﬁ?“&%&eﬁé fromthe
current reconstructed base |ayer to reduce the error drift. Furthernore,
in one enbidheisant videqavask] heseleder bacaysh thereb e Pl At 858  of data i s

indicated in a syntax of a bit-streamtransmtted fromthe encoder to the
decoder. Apncada df pRecsmbodimeat, dhe|ceitarion fpr slosangss is hasesirathe #eof body of data in
the 10 prediction node can be transmtted fromthe encoder to the decoder
separ at el yabsplutsrdiffeserd heweenblogls df pixels| dyere eahadimsnbperiadifaledheenhanced | ayer.
Moreover, a set of first notion vectors are used to generate the first

r econst b ucslediofotte pedidiédramoderigialiviys femn thefcufrént sconsbnitedibasect ors are al so
used to generate the second reconstructed body of data. 15 In addition, as
further illapats atec thaerkardtifte 6, in one enbodi ment, the previous
enhancenent frame 684 is received by the prediction node after it has

under gone t he Fpahérdlordloren BmbedHiMasH the edléceion aithk rebdnppiagl 1889, as previously
described. As well, the current reconstructed base |l ayer 682 is al so

recei ved by qalh8 iREG@EAGH h §dREL bRLE G trnshBfed GRARKIOREIdRetepat i al - domai n
reconstruction and
decoder, Alternatively, the selection of the reconstructed body of data in the

10  prediction mode can be transmitted from the encoder to the decoder separately
from reconstructed base layer and reconstructed enhanced layer. Moreover, a set
of first motion vectors are used to generate the first reconstructed body of data
and the set of first motion vectors are also used to generate the second
reconstructed body of data.

15 In addition, as further llustrated in Figure 6, in one embodiment, the
previous enhancement frame 684 is received by the prediction mode after it has
undergone the spatial-domain reconstruction and clipping 690, as previously
described. As well, the current reconstructed base layer 682 is also received by
the prediction mode after it has undergone the spatial-domain reconstruction and

20 clipping 688. As a result of the clipping, the complexity of the encoder and
decoder may be reduced.

Mustrated in Figure 7, is a decoder with the prediction mode to determine

which reference is to be added to the decoded enhancement layer. As illustrated,
15



20 clipping 688. As a result of the clipping, the conplexity of28hmaeOEs
and decoder nmay be reduced. Illustrated in Figure 7, is a decoder with the

predi ction node to determne which reference is to be added to the decoded
enhancenment layer. As illustrated, 15 28 June 2005 WO 02/056599

PCTI US0210%89%5%#& predicti on node can sel ect from cuP¢ERI2ZMBE0ded base

| ayer 782, the decoded previous enhancenent frane 784, and/or a

conmbi nation,_of the previous.decoded enha ment f nd .t he decoded
corrent badi Traafor e R SR oot QPP iBes et PRl depded s one

enbodi nment, the decoded 5 previous enhancenent frame 784 is received by the
decoder pré’ﬂ‘?"t‘:"[“isﬁ‘ﬁ‘aﬁ‘be&?m?ff e 254 2/ pra QbR Sisreviens defdet al - domai n
reconstruction and clipping 790, as previously described. As well, the
decoded curFEREeRaEEAEE ARft 68ﬂ85§%ﬂF%?@ﬁ“¢®Erw%§ al so received by the
prediction node after it has undergone the spatial -donain reconstruction
and- cl i ppi ng 789 futherjilnstrated rodgure &rie ovkegmebodamrat, deecdededed descri bed above
can be stored in the nenory of a conputer system (e.g., set top box, video
recor derSs, pegviouy entgneengat fravhe 784 psteeeinetl ibp e decodbeprediciontmetle 778 addi ti on, the
instructions to performthe nethod, encoders, and decoders as descri bed
above coul dftalities naddrymie fhexpaddl-domdinaerondiivetion d#ndichppiog 790pahi ne- r eadabl e
medi a, including magnetic and optical disks. For 15 exanple, the nmethod of
t he presenfprdvivusinGetibaio Wsdvdlieths Hevoaél @ifrefiBreddinitarctaddastdlee7sredi @, such as

magneti c di sks or optical disks, which are accessible via a disk drive (or
conput er - r @akaRbRivee sy HEpelidictiBn molfalifted @thas dliRrdoRSthE YpdthaPdngARN be
reconstruction and clipping 788.

10 The methods, enceders, and decoders described above can be stored in the
memory of a computer system (e.g,, set top box, video recorders, etc.) as a set of
instructions to be executed. In addition, the instructions to perform the method,
encoders, and decoders as described above could alternatively be stored on other
forms of machine-readable media, including magnetic and optical disks. For

15  example, the method of the present invention could be stored on machine-
readable media, such as magnetic disks or optical disks, which are accessible via a
disk drive (or computer-readable medium drive). Further, the instructions can be
downloaded into a computing device over a data network in a form of compiled
and linked version.

20 Alternatively, the logic to perform the methods, encoders, and decoders as
discussed above, could be implemented in additional computer and /or machine

readable media, such as discrete hardware components as large-scale integrated

circuits (LSI's), application-specific integrated circuits (ASIC's), firmware such as
16



downl oaded into a conputing device over a data network in a for@8odune 2005
conpiled and linked version. 20 Alternatively, the logic to performthe
nmet hods, encoders, and decoders as discussed above, could be inplenented
in additiopal conputer and/or machine readable nedia, such as discrete

har dwar e dgﬁﬁaﬁﬁﬁgs as large-scale integrated circui £ET/UHR0853]
application-specific integrated circuits (ASICs), firmvare such as 16 28

June 2005 : CT[USQ2/ 00527 el ect [ ergsabl e programmuabl e
read- only %%@6%% %E%%%%&) ﬁmgba%mag"loﬁlgtnﬁn&oéﬁ' HE%BH‘%%’I a,ngacoust i cal and ot her
forms of propagated signals .g.,.carrier wayes, infrared signals,
digital si%%%?%gog?%f?%m ‘%U&ESBFH@FHB PORAFALHERE 8- 5T decoders as
descri bed above could be inplanted on the same hardware 5 conponent, such
as a grapHW@?&éﬁﬁFﬁ%?F@$%gﬁgﬁsﬁﬁ§&ﬁF$ﬁ§yFHH@“H@“?ﬂF@@W@P§6m4nto a chipset
device. Al though the present invention has been described wth reference to
specific € regsyesrifetpbegntosld bheimplapted 98 tespge hardwitet var i ous
nodi fications and changes may be made to these enbodi nents without
depart i hg FPEPRPETSuHT 35 adEaPhios caniollenthat sy 9¢ mep neifbe itegratad inhd 4 on.
Accordingly, the specification and drawings are to be regarded in an
i |l ustrat ichipsetalewige. t han a restrictive sense. 17 28 June 2005 d ainms Wat
is clained is:

Although the present invention has been described with reference to

specific exemplary embodiments, it will be evident that various modifications and
changes may be made to these embodiments without departing from the broader
10 spirit and scope of the invention. Accordingly, the specification and drawings are

to be regarded in an illustrative rather than a restrictive sense.
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1. A nethod conprising: generating a first body of data being s28fJuneX00%
permt generation of a viewable video sequence of lesser quality than is
represented by a source video sequence; generating a second body of data
being sufficient to enhance the quality of the viewable video sequence
generated fromthe first body of data, the,second body of data being
generated by subtracting a reconstructe of data froma subsection of
the source._vi deo.sequence, wherein the reconstructed body of data is

sel ected fr% selamefisor at | east two separate reconstructed bodies of
data, and wherein the second body of data includes an enhancenent |ayer

t hat captures di h-#omethedeommisingen t he vi ewabl e vi deo sequence and the
source video sequence; and predicting a subsection of the enhancenent |ayer
accor di ng to &ngrating & fitsbbodyoddatabeing sylffivient to pymdf gepeadobf DAewades, t he
plurality of prediction nodes including prediction using the source video
sequence andder ssqudnioallesser quiality drmdy feptesertstl BCRIRBideb 3Gegird the first
body of data. 2. The nmethod of claim1, wheréin the group of at |east two

separat e recogathting £beoldbbide of 8fta BethPsirfciaR &gkl tho g&ﬁﬁﬂ’é‘St ructed

first body of data sufficient to permt generation of "t vi ewabl e vi deo
equence, o toeunars et ane SBATok D FRERNEFY ey B soPRKRSE KAREC 1
0 ok PR BN BERBESERELA Bl B el 27 T
e o SR AR s B M et
reconstrucyg zg least two separate reconstructed bodies of data, and wherein the second body of data
includes an enhancement layer that captures differences between the viewable video
sequence aud the source video sequence; and
predicting a subsection of the enhancement layer according to a prediction mode of a
plurelity of prediction modes, the plurality of prediction modes including prediction using
the source video sequence and a combination of a previous enhancement frame and the
first body of data. “
2. The method of claim 1, wherein the group of at least two separate reconstructed
bodies of data is selected from a reconstructed first body of data sufficient fo permit
- generation of the viewable video sequence of lesser quality than is represented by the
* source video sequence, a reconstructed second body of data sufficient to enhance the
quality of the viewable sequence genefated from the first body of data, or a combination

- of the reconstructed first and second bodies of data,

3. The method of claim 2, further comprising:

18



body of data fromthe subsection of the source video sequence, g2Baligé!2005
reconstructing and clipping the reconstructed first body of data, and
spatially reconstructing and clipping the reconstructed second body of
data. 4. The nethod of claim 2, wherein the second body of data is
generated by subtracting a reconstructed body of data from a nacrobl ock of
the source vi #88 SgguEating the gcomthodyref drtalganbrabiddiymmBiracting thb edconipted Si Ng:
conparing the at |least two separate reconstructed bodies of data to the
sour ce vi debodyeiiatarfam the sulesagtionwéihe somtevided scquerchSpitBUgRebhstGk@sh T i r st
body of data, the reconstructed second body of data, or the conbination of

t he reconst rutdipgingithestecamstiuctelfribodp of @fa, @hd shaihity refonstiRingBhd\Gpflz C! @i M
2, wherein the selection of the reconstruct edslﬁlof’jlgjy of data "is i%gi gat ed in

a synt ax of the réxohstaicted 380chd BB dfidh@d from an encoder. 7. The nethod of
claim2, wherein a first set of notion vectors are used to generate the

first bod f d | : ' dt t
the second body of daad of bl Al i SRloh ot lyls BRERORY 17 I b0y
of data andublgingaondningiBhay Sh AP, SRNCLALES B 3 S0l e harduare

conponent. 9. An article conpri‘sing a conpu
conput er- execu ' | the instructions causing a conputer to:
generate a fir SES?E%%?B@& %@%H@e?%&e’émﬂr{?%nt to pernit generation of a
vi ewabl e vi de Se%} ngt«j o{ | esser quality than is represented by a source
vi deo sequencerPEZEe 3 fASt Bigrepargs Frepaiuctad bediesof detady thefsowse widbei ng
sufficient to enhange t rie ciual ity of the viewable
sequence o adgaptively select from the reconstructed first body of data, the reconstructed
second body of data, or the combination of the reconstructed first and second bodics of
data,
6. The method of claim 2, wherein the selection of the reconstructed body of data
is indicated in a syntax of a bit-stream transmitted from an encoder,
7. The method of claim 2, wherein a first set of motion vectors are used to
generate the first body of data and the first set of motion vectors are used fo generate the
second body of data.
8. The method of claim 2, wherein the first body of data and the second body of
| data are generated by a single hardware component,
9. An article comprising a computer-readable medium which stores compuier-
executable nstructions, the instructions causing a computer to;

. generate a first body of dats being sufficient fo permit generation of a viewable video

sequence of lesser quality than is represented by a source video sequence;

19



vi deo sequence generated fromthe first body of data, the seconp8hhsiye 005
data being generated by subtracting a reconstructed body of data froma
subsection of the source video sequence, wherein the reconstructed body of
data is selected froma group.of at |east two separate reconstructed
bodi es of data, and wherein the second body of data includes an
enhancenent | g§nerate hspcondtpdy ofdataibéifpndiciat ibathaarihé Daliv Eemdlievabldeo
sequence and the source video sequence; and predict a subsection of the
enhancenent Videysquense gemsiatg! fram therfirg Gbdy diataTRESec¥hd Bodyb il betnyg Of

predi ction nodes, the plurality of prediction nodes including prediction
using the gamemtE byisdiemctinriroastraded Fody@FRaR RohsuBfecRoPS N Dife

enhancenent frame and the first body of data. 10. The article conprising a

conput er - r evidaiogueiios] whleRf thé tRbiBieted Sdylr '&atta{?sgsgleg{;eg %ngloi grgﬁc%éig st two

separate reconstructed bodies of data is”selec ruct ed

first bod Lo ' i f t ' I id
eauence. of T eonpep Btk Sode (O BOIRRY ool ot Ul © O
, bod dat fficient h th
ul 1y of IHAREAREHHEE: RR6 U5 R S eivir S eitvers B viansb G oy of
t

data, or a LNahaQn of..the reconstruycted first and second bodi es of
data. 11. TRE articls QB IE? FRYUEcEd®dut er - r eadabl e nedi um of cl ai m 10,
further includin dditiopal instructjons causing the conputer to: prior
to generati ngreﬂ%? §@55ﬁ‘8“ 85%9 epftangement pzeraceardiag ky/a pediciiormpdapfishe
reconstructed_-body of data fromthe subsection of the source video
sequence, BWElbaelnjedictionsendes; the niwrelity 26 pedictiom moaeihcluding prefiotion using
reconstructed first body of data, and spatially reconstruct and clip the
the source video sequence and a combination of a previous enhancement frame and the

first body of data.
10. The article comprising & computer-readzble medium of claim 9, wherein the
- gowp of at least two separate reconstructed bodies of data is selected fiom a
reconstructed first body of data sufficient to permit generation of the viewable video
sequence of lesser quality than is represented by the source video sequence, a
- reconstructed second body of data sufficient to enhance the quality of the viewable video
. sequence generated from the first body of data, or a combination of the reconstructed first
and second bodies of data,
11. The article comprising a computer-readable medium of claim 10, further
- including additional instructions causing the computer to:
prior to generating thg second body of data generated by subtracting the reconstructed

| body of data from the subsection of the source video sequence, spatially reconstruct and
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reconstructed second body of data. 12. The article conprising a28 June 2005
conput er -readabl e nedi um of claim 10, wherein the second body of data is
generated by subtracting a reconstructed body of data froma nhacrobl ock of
the source video sequence. 13. The article conprising a conputer-readable
medi um of cl ﬁ]l} 10, further _including additional instructions causing the

conputer to® Bstrugisd first bedycof dta%aa@@aﬁ%émmsandlwpm bodi es of data
to the source video sequence to adaptively select fromthe reconstructed

first body bwconsiueted sasend kadyefdatact ed second body of data, or the
conbi nation of the reconstructed first and second bodies of data. 14. The.

article conpri si iy The artinke gomprisiegal edbymuteradidible fediuned Mol 10MiRéinthd he
sel ection of the reconstructed body of data is indicated in a syntax of a

bi t - st r eam sccomdisrniyof éata fsrgenerand by addattinglirecohBCucidltoa) 8f &R RbMS NY 2
conput er read-able nediumof claim110, wherein a first set of notion

vect or s ar emba@sblotloofdi Rtk Qideh Sedubael body of data and the first set of
notion vectors are used to generate the second body of data. 16. The

article conpri siRgTH: £AIPLRS Sg%?q%m in the
first body of data and the seco &Eteq? ata are geneaﬁtlg%eta single
har dwar e a&gﬁ f| rst unit to generate a
first body o ?ﬁdg&aﬁx%ﬁ%ﬁ%ﬁ{;@%ﬁ{?ﬂ?o per &eneratlon of a viewable

vi deo sequen 5:3' uality than is represe by a source video
sequence; %S?g gﬁcea? %ﬁﬁg“’ a¥ate recons ctec? lg)odles o?data to the source video

sequence to adaptively select from the reconstructed first body of data, the reconstructed
second body of data, or the combination of the reconstructed first and second bodies of
data.

14, The article comprising a computer-readable medium of claim IO,Awherein the
selection of the reconstructed body of data is indicated in a syntax of a bit-stream
transmitted from an encoder,

15. The article comprising a computer read-able medium of claim 10, wherein a
first set of motion vectors are used fo generate the first body of data and the first set of
motion vectors are used to generate the second body of data,

16. The article comprising a computer-readable medium of claim 10, wherein the
- first body of data and the second body of data are generated by a single hardware
component.
17. A system comprising:
a first unit to generate 2 first body of data being sufficient to permit generation of a

-~ viewable video sequence of lesser quality than is represented by a source video sequence;
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a second unit to generate a second body of data being sufficien28thuren2®
the quality of the viewable video sequence generated fromthe first body of
data, the second body of data being generated by subtracting a
reconstructed body of data froma subsection of the source video sequence,
wherein the reconstructed body of data is selected froma group of at

| east two sepafsadond it o geherdtaagcdnd bodyofdatatalm, suffivieniivembante theapuglityond
body of data includes an enhancenent | ayer that captures differences

bet ween t he o iR WaklaBleWidts equet@t RN Gated Admithe itk bidya dhtd e seonttvdg of and a
third unit to predict a subsection of the enhancenent |ayer according to a

prediction qoReempberltd By ubirictil aPEBRiRbIc BodPotaRta fhdie a Bidbction by thef

predi ction nodes Tncluding prediction using thHe source video sequence and

a_combi nat | Qg 0l vif YR S U SiBilrnetod AU A sDRILd i HonPRgioupT dat a.

18. The sysfem'o erern the group-o east two séparate

t t di f ta | I .ed f ' body of
Gata suf {1 cOLRto 50 B GabimiEh Bt Grorh@ R JERRIBL BT Body drBlua TV ©
- coonst 1ot HNGEU IS PRTS Aa Al Ry A EREXEL ORI TS VRO  (y of the

vi ewabl e vi deo sequence generated fromthe first body of data, or a

conbi nat i onsRencsdnd e sies Videat9avers@tdnd second bodi es of data. 19. The
system of claim 18, wherein prior to the second unit generating the second
body of data gthirdruaitéupiedickasnbeestion afthe prbapeessatieyer@ceadips ina Fpdighiany fr om
the subsection of the source video sequence, spatially reconstructing and
clippi ng t hmods efaphsnlityof prdiciion mobesgithe pluralify af pradictiorhaodes dusindingni t
spatially reconstructing and clipping the reconstructed second body of
data. 22 28prdditondf3ig the source video sequence and a combination of a previous enhancement

frame and the first body of data.

18. The system of claim 17, wherein the group of at least two separate
reconstructed bodies of data is solected from a reconstructed first body of data sufficient
to permit generation of the viewable video sequence of lesser quality than is represented
by the source video sequence, a reconstructed second body of data sufficient to enhance
the quality of the viewable video sequence generated from the first body of data, or &
combination of the reconstructed first and second bodies of data.

19. The system of claim 18, wherein prior to the second unit generating the
second body of data generated by subtracting the reconstructed body of data from the
subsection of the source video sequence, spatially reconstructing and clipping the
reconstructed first body of data, and the second unit spatially reconstructing and clipping

the reconstructed second body of data.
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20. The system of claim 18, wherein the second body of data is @8nhure @00y
subtracting a reconstructed body of data from a macrobl ock of the source

vi deo sequence. 21. The system of claim 18, wherein the second unit
conpares the at least two separate reconstructed bodies of data to the
source video sequence to adaptively select fromthe reconstructed first
body of data, thé0.rlheeysen ofclaith ewhemintbeisccordd tallyaf dats istdeseratedbipi nat i on of
the reconstructed first and second bodi es of data. 22. The systemof claim
18, wher ei nselirscting sxecinstmaiéd tddg of o fisiraniceshldukayf tafsoudaiided Sequatdbcat ed
in a syntax of a bit-streamtransmtted fromthe system 23. The system of

clai m 18, wher ei 2i. Thé bystdm s0ulaini 18[Whérein heRbRId o Bmpaesthb Yt lel@twd | r St uni t
to generate the first body of data and the first set of notion vectors .are

Cyetom of Crarmin uher o norher s © BRuRRIRAS Ao et et Ged on
a singl e hapekcretRRRR&T irst 1y of data, the reconstructed second body of data, or the
combination of the reconstructed first and second bodies of data.
22. The system of claim 18, wherein the selection of the reconstructed body of
data is indicated in a syntax of a bit-stream transmitied from the system.
23. The system of claim 18, wherein 2 first set of motion vectors are used by the
first unit to generate the first body of data and the first set of motion vectors are used by
the second unit to generate the second }:)ody of data.

24. The system of claim 18, wherein the first unit and second unit are included on

a single hardware component.
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