WO 02/ 30124 VI DEO PROCESSI NG 1 8 MAR 2005 - PCT/ US01/ 30348 BACKGROUND_  Thi s
< invention relates to video processing. For communication on 8l ¥AR 288
bandwi dt h WQP¥¥124 channel , anal og video is often encoded i BCO/USOLBW3E r eam
and the bitstream conpressed. Deconpression and conversion back to anal og
is done at the receiver end. A conpression technique that partially
conpensates for loss of quality involves separating the video data into
two bodies of data prior, to transm ssion: a "base" body of data and an

"enhancenent” body of data. The b Iel-ude a lowquality version of
t he vi deo sequence, but can be trgggﬁgﬁ%égééﬁgIﬁg conparatively little

bandwi dt h. The enhancenent data provide correction to the base data.
Enhancenent data may contain information to enhance the color of a region
of a picture and to enhance the detail of the region of a picture. At the
recei ving end, the base data nay beBaekerdiiNbed with the enhancenent data
during the decodi ng process. Reconbining the base data with all enhancenent
data will result Thisodnpentibdeceitepdld wydeerproadsssi@gt.o t he ori gi nal
vi deo. Because of comuni cati on channel bandw dth constraints, however,
the full body of FPd@@d@funication on a limited bandwidth digital

channel, analog video is often encoded into a bitstream and

the bitstream compressed. Decompression and conversion back

to analog is done at the receiver end.

A compression technique that partially compensates for

loss of quality involves separating the video data into two

bodies of data prior to transmission: a “base” body of data

and an “enhancement” body of data. The base data include a

low-quality version of the video sequence, but can be

transmitted using comparatively little bandwidth.

The enhancement data provide correction to the base

data. Enhancement data may contain information to enhance

the color of a region of a picture and to enhance the detail

of the region of a picture. At the receiving end, the base

data may be recombined with the enhancement data during the

decoding process. Recombining the base data with all

enhancement data will result in output video of gquality very

close to the original video. Because of communication

channel bandwidth constraints, however, the full body of
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1 8 MAR 2005 WO 02/30124 PCT/ US01/ 30348 enhancenent dataq fhmmzmgnnot be
transmtted. Cbnse uently enhancenent data are divided into snall

subsets, edeH?F 4thich requires little bandwidth, andPSH@K@ﬂ/ﬁﬁwé subsets
of enhancenent data may be transmitted at the same tine as the base data.
Transmtting nore enhancenent data produces better output video, but

requi res nore bandw dth. SUMMARY A nethod nmay conprise determ ning an
anount of eavankabkatbaadw difftenspecnbyi bg aransglietkandwcdhisehoeneagh of
multiple layers of digital video based on the anount of avail able

bandwi dt h, caRdntem@ing dattlat iaplee didyeles ahtdi gimbalervisdeecerhareements data,
each of the nultiple layers consum ng substantially the specified

bandwi dth. LA 8008 (Varlal 1QR%.1 <! BenkeRMRg anka¥ek %fr ¥iodeo u%%Q%%C%ffent
data may further conprise selecting a threshold value baseg upon t

amount of ayg, h%‘%h%n‘%f‘ﬁ%\ﬁ‘a Qn{éc\{ gad tr%%gm&%tt'e'&g ad Laves ak \6'19%0 a%” L %Ce”e”t

dat a based ‘upon t esh val ue itionally, t he et h urther
conprise transm.t |ng of video enhancenent over a dlglta
comunt cat PARSCHafe!, TAARTH GG (ToHe. EREA LTS 0aPiGoORER | he

di gital comuni cation channel. The nmethod may al so conprise form ng
multiple | RPEEST RNTENThAVES@ gPLdl T60EL TRFATILG LANYEASE- and wher ei n
each WD 02/30124

SUMMARY

A method may comprise determining an amount of
available bandwidth, specifying a single bandwidth for each
of multiple layers of digital video based on the amount of
available bandwidth, and forming multiple layers of digital
video enhancement data, each of the multiple layers
consuming substantially the specified bandwidth.

In some variations, the forming a layer of video
enhancement data may further comprise selecting a threshold
value based upon the amount of available bandwidth, and
generating a layer of video enhancement data based upon the
threshold value. Additionally, the method may further
comprise transmitting the layer of video enhancement data
over a digital communication channel, and transmitting the
threshold value over the digital communication channel,

The method may also comprise forming multiple layers

which have digital ones and digital zeros, and wherein each



1 8 MAR 2005 PCT/US01/ 30348 of the multiple | ayers | nclpglqwmumg antially

. the same nunber of digital ones. An article conpr|5|n% conput er - readabl e
medi um whi Ef 9%<E8t s conput er - execut abl e i nstructions 6r /P46 Y4t a

processing may include instructions that cause a nmachine to determ ne an
anount of avail able bandw dth, specify a single bandw dth for each of
multiple |layers of digital video based on the anpbunt of avail able

bandw dt h, cand heomml tipllel flay cray ens lodedisgbtsélhnriidéd yenhancement dat a,
each of the nmultiple layers consum ng substantially the specified

bandwi dt h. nTheear bifcke graw 1paeisde that the formng a | ayer of video
enhancenent data further conprises selecting a threshold value based upon

the anount of aygi Laklie 1 bandw dihnand c%@)%rt%trl NG a&aba%e el vyl %qch
enhancenent data based upon the threshold value. Additionally, the

st uotl OB UYL LUEiiee CaUse, ke IRali e LA LENSIA il Later of vi deo

enhancenent data ove communi cat1 on channel transm -t the
t hreshol d val ue over _the d| UF%I .communi,cati on,channel . The a |cI

further coRpPiPS&SHASE Fact 8T "oat "5 SHR NS SPE Y &75SS Snféfr ot g i gi tal

ones and digital , zeros, and wherein %p of the la ers has a substantlally
simlar nuﬁﬁé@rﬁﬂnﬁlﬁptﬁpoﬁﬂésOf avai le bandwidt specify a

single bandwidth for each of multiple layers of digital
video based on the amount of available bandwidth, and form
multiple layers of digital video enhancement data, each of
the multiple layers consuming substantially the specified
bandwidth.

The article may provide that the forming a layer of
video enhancement data further comprises selecting a
threshold value based upon the amount of available
bandwidth, and generating a layer of video enhancement data
based upon the threshold value. Additionally, the
instructions may further cause the machine to transmit the
layer of video enhancement data over a digital
communication channel, and transmit the threshold value
over the digital communication channel.

The article may further comprise instructions that
form multiple layers which have digital ones and digital
zeros, and wherein each of the layers has a substantially

similar number of digital ones.
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- 2a 1 8 MAR 2005 WO 02/30124 PCT/USO1/30348 In anotheiﬁv9&§2hhon, a

. method may conprise processing |ayers of digital video h nt data to
enhance a Bas¥/30t#feo signal, the layers each consum n§CS(HOLAMI4l 1y the
sanme bandw dth which is based on an anount of overall avail able bandw dth,
wherein each of the layers are digital values having substantially the
sanme nunber of digital ones. Optionally, the base video signal may
conprises a pidhueectard whereitioeaclh pedtessedy apepréslkapcesetsikangentire
picture. An article nmay conprise a conmputer-readabl e nedium which stores

conmput er - exagutrablod idAgtituat haks o ehhundeaendatia tpr @eesshRdcelBebase
instructions nmay cause a nmachine to process |layers of digital video

enhancenent jdaba signenhanege l%y%%%eeﬁbﬂe%o%%&ﬁﬁhg %Q%s&%%%&%lﬁ%yk%%
substantially equal” bandw dth requirenments, the bandw dth requirenents

bei ng basg m%nbggd%q%%%tw%ﬁc%vﬁgahgs%ﬁabhagkeagéﬂgﬁﬁ%%hbveQQQHtionally’
g nprise a picture, "an n

t he base video signal may co wherei n €ach processed

| ayer enhances.t entire. picture. Further, t hgd may conpr.i.se

recei vi ng 8?(81&1&%36 POFEA  of D& ers e&thiogi The JPdEs Se AN Ch i Lat a,
receiving a threshold value corresponding to the |ayer, wherein the |ayer
conpri ses yalypespihavigo @g@ﬁtﬁ@éﬁp@&aéthe same number of digital

ones. Optionally, the base video signal may comprises a
picture, and wherein each processed layer enhances the
entire picture.

An article may comprise a computer-readable medium
which stores computer-executable instructions for video
data processing. The instructions may cause a machine to
process layers of digital video enhancement data to enhance
a base video signal, the layers having substantially equal
bandwidth requirements, the bandwidth requirements being
based on an amount of overall available bandwidth.
Additionally, the base video signal may comprise a picture,
and wherein each processed layer enhances the entire
picture.

Further, a method may comprise receiving one of a
plurality of layers of digital video enhancement data,
receiving a threshold value corresponding to the layer,
wherein the layer comprises a ‘1’ bit for each magnitude

greater than or equal to the threshold value, transmitting

- 2b -



greater than or equal to the threshold value, transmttipng mar2bgs WO

. 02/30124 1 _8 MAR 2005 PCT/US01/30348 the threshold val ue over_the digital
connunicatr%ﬁ”¥ﬁgﬁﬁkl, and transmtting the | ayer ovePCEABWé(§%ﬂ48

communi cation channel wherein each of the plurality of |ayers are digital

val ues having substantially the sanme nunber of digital ones and consum ng

substantially the sane bandwi dth, the consuned bandw dth bei ng based on an

anount of ower ahlreshvdid abllecbavdw dhle. dYetl thir chemundkadibnclchanmaye 1,

conprise a conputer- readabl e nmedi um which stores conputer-executabl e

i nstructioasdf 8favisde® tdaiga threodeseirngvehe dagtituat icoRtuniRytGause a
machine to receive one of a plurality of layers of digital video

enhancenmenthdaha it Rk raGhi ewes arbapdwidihaine iorf?'f[%?'te’rsr QG W8 Atal
t hreshol d val ue corresponding to the ayer, erein the |ayer conprises a

Dt T 0ua9pe8 IBORL! Ul 0r6aLen 1LARCOL AGAURLA! e, LILSThal & gl e,

transmt the threshold-value over th comuni cati on” channe

transmt th% !% %%u%ﬁ%r.%dnggt%H 1G9y %i%atio% chan : erein the

receive coﬁpglses recei ving 1-ayefs df “digitar eﬁﬁgwégﬁéht &ta that each

Subst ant | LDy SLHE s K8 Ba GENT% R sEengangd amount of overall’ f
available bandwidth.

Yet further, an article may comprise a computer-
readable medium which stores computer-executable
instructions for video data processing. The instructions
may cause a machine to receive one of a plurality of layers
of digital video enhancement data that achieves a bandwidth
requirement, receive a threshold value corresponding to the
layer, wherein the layer comprises a ‘1’ bit for each
magnitude greater than or equal to the threshold value,
transmit the threshold value over the digital communication
channel, and transmit the layer over a digital
communication channel, wherein the receive comprises
receiving layers of digital enhancement data that each
include substantially the same number of digital ones and
consuming substantially the same bandwidth, the consumed

bandwidth being based on an amount of overall available

bandwidth.
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bandw dt h bei ng based on an anount of overall available 4lapgwigih. - 2c

. WD 02/30124 1 8 MAR 2005 PCT/US01/30348 In other variations, a nethod may
conpri se gBRtHEPHF from a source video sequence a di JFTAISOBAIX4i deo
signal, generating fromthe source video sequence a body of digital video
enhancenment data, and generating fromthe body of digital video
enhancenent data plural layers of digital video enhancenent data, each of
the plural |ayerns eaheunivagiasdlbstsant aelthoa siayglcemppeacief iged crandwiodt h
based on an anount of overall avail able bandw dth. Such a method may

provi de thatokhe RedyRf Widgid alequictiee ankarGerBnbadat &idedClsudes 13
plurality of nmagnitudes, and wherein generating a layer of digital video

enhancement (ata tGARPIESSS +12elseelidg 3 deldf §3leld kalugo@nd £ oringing 12
| ayer of di'gital video enhancenent data conprising a 1' "bit for each

magni t ude greater th r..equal to e thr I | ue. . BRI EF,_ DESCRI PTI ON
OF THE DRA %&g Epéé%ggﬁeg%a &ﬁdtf%%aﬁebegggqagééﬁgﬁHgﬁgwkﬁgyaogath of a
vi deo sign how ng 0,.Si, Fi g.

2 e a hiorAPPea FE: SOERT AL BR oA « & 1Rk G YEE o Ly SHEHTA ot ur e
video enhancement data, each of the plural layers consuming
substantially a single specified bandwidth based on an
amount of overall available bandwidth. Such a method may
provide that the body of digital video enhancement data
includes a plurality of magnitudes, and wherein generating
a layer of digital video enhancement data comprises
selecting a threshold value, and forming a layer of digital

video enhancement data comprising a ‘1’ bit for each

magnitude greater than or equal to the threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la is a functional block diagram showing a path
of a video signal.

Fig. 1b is a diagram showing a path of a video signal.

Fig. 2 is a hierarchical representation of units
making up a typical picture.

Figs. 3a and 3b are diagrams depicting organization of

DCT coefficients.
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Figs. 3a and 3b are di agrans depicting organization of %T X‘Q%@%ﬁsi ci ents.
.2d WD 02/30124 1 8 MAR 2605 PCT/US01/30348 Fig. 4 is _a bl Mck agram
show ng vi RS e | ng and conpression. Fig. 5is a bIPSERUSéPiléﬁ(?%‘ﬁ] showi ng
vi deo decoding. Fig. 6 is a flowhart illustrating a threshol d-based

| ayering process. Fig. 7 is a flowhart illustrating selection of a
threshold. 1 8 MAR 2005 WD 02/30124 PCT/US01/ 30348 Figs. 8a and 8b show an
exanpl e body of Frimgnidt ides ofl ocdnkidrgerentshdatiag edefkbi enewnidd ngdiavidded i nt o
subsets of bit planes and layers. Fig. 9 is a flowhart illustrating

col | ecti oncefmplragerisn.of enhancenent data by a decoder. DETAILED

DESCRI PTI ON CGeneral ly, the techni ques descri bed bel ow i nprove the

di stribution of pMides dat 3 il RrNetiwefar Rhwhiigly ditfer SRloda@igruni cat i on
pat hs are characteérized by different "bandwi dths.” Fig. la is a bl ock diagram

showi ng a path %ﬁ%@n6b£s a flowchart illustrating a threshold-based
layering process.

Fig. 7 is a flowchart illustrating selection of a

threshold.
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vi deo data being distributed over-a network. Input video signal 10 is fed
into an encoder 12, which converts input video signal 10 int8 MARI2HS5 dat a
in the forW®I2/W1achi ne- readabl e series of bits, or bitstpepmsoifigsg/i deo
data are then stored on a server 14, pending a request for the video
data. Wien server 14 receives a request for the video data, it sends the
data to a transniRigsr 86, andi 8h shansm egampke kiwlya oE8mabphgudes of

comuni cati on channel on the network. A receiver 20 receives the data 18
and sends t enhiicemeatadabit soeEhigianta, ddtvtidad 2htoDevbdets 2¢f dotivert s t he
received - 3. WD 02/30124 1 8 MAR 2005 PCT/ US01/ 30348 bitstreaminto an
out put vi decrkngfalang4 lagkiceh may then be viewed. Fig. |b shows a system
for distributing video data. A video source 11 produces input video signal
10, which is inglig.t8 asfarStoechauit éllt8tréiing apdiieetéprnlBfi hayames
encoder 12, which encodes the video data in a bitstream 18 for

transm ssi orrfaleaigncemenhi dataoby chadeweldet7 coupled to network 19. First
conputer 13 also includes nmenory 15 to store the video data and may
function as server 14. A second conputer 23, which includes decoder 22,
receives bitstream 18 via channel 21. Decoder 22 converts the received
bitstream 18 into an output video signal 24, which

DETAILED DESCRIPTION

Generally, the techniques described below improve the
distribution of video data in a network in which different
communication paths are characterized by different
bandwidths.,

- Fig. la is a block diagram shéwing a path taken by
video data being distributed over 'a network. Input video
signal 10 is fed into an encoder 12, which converts input
video signal 10 into video data in the form of a machine-
readable series of bits, or bitstream. The video data are
then stored on a server 14, .pending a request for the video
data. When server 14 receives a request for the video data,
it sends the data to a transmittér 16, which transmits the
data 18 along a communication channel on the network. A
receiver 20 receives the data 18 and sends the data as a

bitstream to a decoder 22. Decoder 22 converts the received



may then be viewed on a viewer 25. The encodi ng done in encodFé @é&g@% '
. involve | oss conpressi on techni ques such as MPEG 2 or MPEG 4, n 1
or version .Oz(WﬁéGis short for Motion Picture Experts G @GHUSAHIOMPEG 2
and MPEG 4 represent digital video conpression standards and file formats
devel oped by the group.) These techniques result in the creation of a body
of base vi dédtP&EEa™ hakojan cutpyly vEFASRat ok 14 %i effichomapetien be
generation of a viewable video sequence of |lesser quality than is
representedV&FWPﬁe source video sequence. |If the base video data were to
be decoded and viewed, the resulting videg, woul d be perceived as an
inferior versionff- ?HeSQRW%ﬁ%nﬂYS$Fge59r-8%§tﬁ}§3$¥¥f23680 ABFB2/ 3d124
PCT/ US01/ 30348 One | ossy_conpressi on technjque eqyloyed by MPEG,is to
encode nost OfiSNEOPFER Ut LIRS FPREE gé‘gﬁ%n%b DAL &ﬁané@%c f +8m one
picture to the next (along with notion vectors), rather than_as the

pi cture dat &MR%etP. aTAEE5t CAMRAUFSE LPesuFtESt nCORIMRY der 4BFEUE5%i ng of
bandw dt h. Anot her body of data, called enhancenent data, captures_ the
difference RAGKIEE &2quibtflyaNqrdss Frngebipeet Rt ot 2aPpitstirgrRat®
unquanti zed input video picture. Wen conbined wth the base _data, the
enhancement iRk £ PRFFOTELIMA AN iCOPupLcphéoy| M Vildéausdgtehte,
resulting in inproved video

network 19. First computer 13 also includes memory 15 to
\

store the video data and may function as server 14. A
second computer 23, which includes decoder 22, receives
bitstream 18 via channel 21. Decoder 22 converts the
received bitstream 18 into an output video signal 24, which
may then be viewed on a viewer 25.

The encoding done in encoder 12 may involve lossy
compression techniques such as MPEG-2 or MPEG-4, version 1
or version 2. (MPEG is short for Motion Picture Experts
Group, and MPEG-2 and MPEG-4 represent digital video
compression standards and file formats developed by the
group.) These techniques result in the creation of a body
of base video data, that is, a body of data sufficient to
permit generation of a viewable video sequence of lesser
guality than is représented by the source video sequence.
If the base video data were to be decoded and viewed,. the

resulting video would be perceived as an inferior version of

the original video.



out put. A subset of enhancenent data may i-nclude corrections to a picture,
~ or corrections to the change fromone picture to the next. {pg @enensl ,
enhancemenVOd3B%1 % orrespond to the base data, i.e.., if theChaselais
encode the changes from one picture to the next, then the enhancenent data
corresponding to the base data includes a correction to the change from
one picture to tfeenkxisy BeFRFeEHeAr Bachnhie sudoved BEeUPRrisg-Uecodi ng
22 to reconstruct pictures that have been renpved fromthe encoded base

vi deo dat a @BFPRY Menkwdh fgelPickHrafinyncihe ufdamEeguenpe dNFRANIIR i on
channel 16 has Ilimted bandw dth, and can accommodate sone, but not all,

of the enh&neenene BEEERreVien thecepybr (200Rthdidedr B@ELoR2VERERTYkr | ess t han
the full anmount of enhancenent data, - 5 WD 02/30124 1 8 MAR 2005

PCT/ USO1/ 30328he4t pan Addde2picsuresdatpahtsetfy dbipeteeiniqer

techni ques described below utilize the bandw dth efficiently, delivering
greater enhdRSEAERtIRC? ePnfidderabbanaavdps, obyandidthg subsets or "layers”
of enhancenent data by a threshol d-based process to be descri bed bel ow.
Fig. 2 shows sonBnghhes haodit ofodata,pratled. ephangameatafata, pFaREYEeS s made

up of picture elenents, or
the difference between a quantized base video picture and an

original unquantized input video picture. When combined
with the base data, the enhancement data improve the quality
of the viewable video sequence, resulting in improved video
output.

A subset of enhancement data may include corrections to
a picture,'or corrections to the change from one picture to
the next. In general, enhancement data correspond to the
base data, i1.e., if the base data encode the changes from
one picture to the next, then the enhancement data
corresponding to the base data includes a correction to the
change from one picture to the next. Enhancement data may
also be used during decoding 22 to reconstruct pictures that
have been removed from the encoded base video data during
encoding 12.

In many circumstances, the communication channel 16 has
limited bandwidth, and can accommodate some, but not all, of
the enhancement data.‘ When receiver 20 and decoder 22

receive less than the full amount of enhancement data,
-5 -



pi xel s. An 8- by-8 square of pixels forns a block 30, and a 2-by-2 square
. of blocks fornms a macrobl ock 32. Macrobl ocks placed side-by4si #RnE f or m
a slice 34WOf0230x4ure data. A slice is a horizontal strip pETMuSelmsed ure
or several adjacent strips in raster scanning order. A sequence of slices
may conpose a picture 36. For purposes of illustration, the process of
encodi ng wi bhitpetdehdestlatied lelsp tbaki Aglhy car®@chpd8 bTaek of video.data
30. Actual processing may take place using units of data other than an
8- by- 8 bl ocksghsiighe asdesidesblbedkw3Rtibuze righe handWédthng process, the
picture data may wundergo a transformation process as a part of data
conpr essi onefAlaient §iy ustal ivemigigogrepser henkpnranend €05 aegit9ransf orm
(DCT) . The DCT is a linear transformsimlar to the discrete Fourier
transform i hantiwidthe by sersfadrimed suksatsape Orakarsd Y enbauesksitand are
wei ghted by coefficients. An 8-by-8 block of pixels undergoing a DCT wil|
gener at e andaBabpy8anbhreshadid-deekd prosess TheDAEseajbegepataon - 6 WO
02/ 30124 1 8 MAR 2005 PCT/ US01/ 30348 groups of pixels of other sizes as
wel |, such as a Efghy2léhovd aoime bmtitshehet afsforanpdfctanes- bin 8 bl ock is an
exenplary application of the DCT.' In general, the DCT treats each 8- by-8
bl ock of pi geherad, aadpsctwte isi grale. uPhef Deffcturatedgments, or

pixels. An 8-by-8 square of pixels forms a block 30, and a

2-by—2 square of blocks forms a macroblock 32. Macroblocks

placed side-by-side may form a slice 34 of picture data. A

slice is a horizontal strip of the picture or several

adjacent strips in raster scanning order. A sequence of

slices may compose a picture 36. For purposes of

illustration, the process of encoding will be demonstrated

by looking at an 8-by-8 block of video data 30. Actual

processing may take place using units of data other than an

8-by-8 blocks, such as a macroblock 32.

During the encoding process, the picture data may

undergo a transformation process as a part of data

compression. A widely-used transform is the discrete cosine

transform (DCT). The DCT is a linear transform similar to

the discrete Fourier transform in that the transformed data

are ordered by frequency and are weighted by coefficients.

An 8-by-8 block of pixels undergoing a DCT will generate an

8~by-8 matrix of coefficients. The DCT may operate on
- 6§ -



an 8-by-8 matrix of coefficients representing the horizontal 8frﬁﬁ#®gcy and
~ the vertical frequency of the pixels. Fig. 3a illustrates hohSaM

arranges tﬁ@’@%ﬁﬁ?ﬁcients in an 8-by-8 matrix 40. The hori POMMUSH1/30348
coefficients are ordered with the |Iower-frequency terns on the left and
the higher-frequency ternms on the right. The vertical coefficients are
ordered wi t HXCHES| BhePlirey R OFheer 7228R 2% Helilop SHAR ahea hiGgher-L6r equency
terms on the bottom The coefficient stored in the uppernost |eftnost cel
42  represeRt&knePPbr ERent R afiemg oy 2B Hriid Sflogkxes 2R HRenMagsYzer o
hori zontal frequency and_zero vertical frequency, the portion that is
const ant t hPERGRGAELIPReOH| Br&k DCEhi s IncEBREFRt erithe RRTchreatdieash &al l ed the
"DC coefficient,” may represent the average col or and brightness of the
entire bIoPW‘@fb&Pﬁglgf AR b et BcPeAET et dr Bepniad -1 oRee ndsT ChEadieSnost
cell 44 represents the highest anmount of horizontal and vertical change
within the BPoBrPYTRemabE F i SreliiriRnhs ngrysseadisgntpe hottieg@telof any
arbitrary range. Frequently the coefficients are stored as a magnitude,
consi sting dFSHUEBEYoRNEi ERe varFigadi §Reqppoey 19& &hgr PheghEi ve), consisting
of a single bit. - 7 W0 02/30124 1 8 MAR 2005 PCT/US01/30348 As
illustrated in FEg9-3B2 Hbtiiscat@smigwba DFSuaiyanggs the coefficients

in an 8-by-8 matrix 40. The horizontal coefficients are
ordered with the lower-frequency terms on the left and the
higher-frequency terms on the right. The vertical
coefficients are ordered with the lower-frequency terms on
the top and the higher-frequency terms on the bottom. The
coefficient stored in the uppermost leftmost cell 42
repfesents the portion of the 8-by-8 block of pixels that
has zero hoFizontal frequency and zero vertical fregquency,
the portion that is constant throughout the block. This
coefficient, which is often called the “DC coefficient,” may
represent the average color and brightness of the entire
block of pixels. The coefficient stored in lowermost
rightmost cell 44 represents the highest amount of
horizontal and vertical change within the block.

The coefficients within matrix 40 can be inteéers of
any arbitrary range. Frequently the coefficients are stored
as a magnitude, consisting of a set of bits, and a sign

(positive or negative), consisting of a singie bit.
-7 =



as a three-dinensional array of binary coefficients, with each cell of the

.array occupied by a "1' bit or a "0 bit. The uppernost plgqrie MR B0% s, or

"bit planeWai@/3018presents the nost significant bits. The pextushi/sBgst

pl ane 48 represents the next nost significant bits, and so on. The

| ower nost pl ane 50 represents the |least significant bits. The array shown

in Fig. 3b repredeniklegtaind dnnEigi x3f madowki 48 mayshe wri suadsictied

coefficient consisting of eight bits. Thus, each coefficient can represent

an integer fasom three-@Beensipnal]prrpy ecbHrbimamyr corifiieights bivighcan be

used to represent the coefficients. The encodi ng process generates a

matri x of ce@ch cpéhtel Wie anravcemenpierithy, awiléhbésnobeaf 40t Huirt .di vi ded

into a plurality of bit planes for transm ssion. As will be discussed

bel ow, di vi diheguphereepiac@anaofdiissi neo ‘Hitt pllanrésibs repféseritent and

inflexible. A threshold-based |ayering process introduced bel ow offers a

nmore flexi bltheangstesigel Gmantapiss . di Vhelinrxrh hdobrlsnpbanat 48lata. Fig. 4

shows a bl ock di agram of an exenpl ary encoder 12. Encoder 12 may be

i mpl enent ed xepreghrharthe iidxth meay bBegndfigand dts,macHi e on. cdifmut er

system on any nmachi ne- readabl e nedi um such as a nmagnetic di sk or optical

drive, or reppesmost opkahen Thinepraenenbs atlid d ansivtosygsachcast riedlts onl y

menory (ROM. Fig. 4 denonstrates encodi ng and conpression - 8 MAR 2005
The array shown in Fig. 3b represents an 8-by-8 matrix of

coefficients, with each coefficient consisting of eight
bits. Thus, each coefficient can répresgnt an integer from
0 to 255 (2% - 1). More or fewer than eight bits can be used
to represent the coefficients.

The encoding process generates a matrix of coefficients
of enhancement data, which can be further divided into a
plurality of bit planes for transmission. As will be
discussed below, dividing the enhancement data into bit
planes is inefficient and inflexible. A threshold-based
layering process introduced below offers a more flexible and
efficient way of dividing the enhancement data.

Fig. 4 shows a block diagram of an exemplary eqcoder
12. Encoder 12 may be implemented as software, which may be
stored in a machine or computer system on any machine-
readable medium such as a magnetic disk or optical drive, or
may be stored within non-volatile memory such as read-only

memory (ROM). Fig. 4 demonstrates encoding and compressioﬁ
_8_




WO 02/ 30124 PCT/ US01/ 30348 of a series of {input pictures 60, resulting in a
. base data bitstream of video data 62 plus a bitstream of enh&nd&h@®Wb data
64. Base d¥Q0¥%2k ream 62 and enhancenent data bitstream 6#CTRS01DS0348
conbined into a single output bitstream (not shown) by a nultipl exer (not
shown), prior to storage on a server or transm ssion along a conmuni cation
channel . Theohaseedakra nfyinmitcréatadeby68i arelsuitivigdéo ankadéndgtand
conpressi on 66. The encodi ng and conpressi on conponents 66 shown in Fig. 4
are illustraitedeam afevideo tdeda0flly phay atlolbgtrieare oéneoliangenentt
conpressi on. Encodi ng and conpression may enploy a DCT 68, quantization 70,
scanni ng 7Xatal 64ar i 8bke darmtiitctodieay 72. 2@ eenlianrepenbadatdata 62 is a
| ossy process, with nost of the |oss occurring during quantization 70.
Fig. 4 al so bitcdtuses 64npandre ssambiarecodstot es thalrgentbatwedhistnedwi dual
pictures, including inverse quantization 76, an inverse discrete cosine
transform (| DS she@n)nbyi amebnpdesaEr dno80shéwmhe mtigre t82 stavagen
estimation 84, and subtraction 86 of an earlier picture 88 frominput
pi cture streamHEGanyeirs ok at sandrel siamged ohgom oomnugicsttios cbanhelpnext .
Fig. 4 shows a subtraction 90 that results in the creation of enhancenent
data. The enhanceltentradat datadeayde preatsdi hy 98amdspat atideor epcpotiénpase
data. The enhancenent data consist of the difference between the
unquant i zed &asdeconpirdaaidat 66 andriicheerungiagt Brddcomgues siicde comppnphys 4,
t he '

66 shown in Fig. 4 are illustrative but are not the only way

to achieve encoding and compression. Encoding and
compression may employ a DCT 68, quantization 70, scanning
72 and variable length coding 74. Creation of base data 62
is a lossy process, with most of the loss occurring during
quantization 70. Fig. 4 also includes components to encode
the changes between individual pictures, including inverse
quantization 76, an inverse discrete cosine transform (IDCT)
78, motion compensation 80, frame store 82, motion
estimation 84, and subtraction 86 of an earlier picture 88
from input picture stream 60 to isolate the changes from one
pictﬁre to the next.

Fig. 4 shows a subtraction 90 that results in the
creation of enhancement data. The enhancement data undergo
processing 98 separate from the base data. The enhancement
data consist of the difference beﬁween the ungquantized base

video data and the unquantized input video. In Fig. 4, the
-9 -



- 9 WD 02/30124 1 8 MAR 2005 PCT/US01/:30348 enhancenent data

. correspondi ng to each picture represent enhancenents to théQSNéﬁd@@

bet ween i NYOREMRH pictures, as well as enhancenents to thBCTHEINI0d¢R

pi ctures thensel ves. The enhancenent data can undergo optional pre-
processing 92. Pre-processing may include, for exanple, enphasizing the
vi sual | y i npohargrmentnsitentce rrgspARILRA Heth @A PiFAEES aRP R B phasi zi ng

the visually insignificant conmponents. In general, people watching a
vi deo gener ahhgneements fodhse ¢ ﬁg?ﬁeb%V%ﬁ%ﬂIl%ﬂﬁﬁ%%PéﬁcElEﬁurﬁ%ﬁa%%

i ctures,

rather than upon the details of the pictures. Information related to the
overal | appwathne® ewpargenentfote thesipfiyidyahigictases PReREESwe

concentrated in the | ower- frequency DCT ternms shown in Fig.

3. Information

related to detafhe ehangensndt gesa GARCRRIRrIRsePhiicsidal PFesigni fi cant,

tends to be concentrated in the higher-frequency DCT terns.

Pre- processi ng

can be usedproceaphagi 22 t Rreripnesesyingi Bay f jreHidtatfer §rITHF it hi gher
transm ssion priority. The enhancement data undergo a threshol d-based

| ayering peopbssigingdelkervimmlly Appertanhi FOPRINRRLS £Br BBRve
application 100:-of threshol d-based Iagering process 94 creates nultiple

| ayers of emhhaceementddata itk degpap
vari abl e I ength coder 96,

agieingafpRdvioaddd coded by a

insignificant components. In general, people watching a

video generally tend to focus upon the overall appearance of

the pictures, rather than upon the details of the pictures.

Information related to the overall appearance, which is more

visually significant, tends to be concentrated in the lower-

frequency DCT terms shown in Fig. 3. Information related to

details of the picture, which is less visually significant,

tends to be concentrated in the higher-frequency DCT terms.

Pre-processing can be used to emphasize the visually

significant data, giving it higher transmission priority.

The enhancement data undergc a threshold-based layering

process 94, described in more detail below. Iterative

application 100 of threshold-based layering process 94

creates multiple layers of enhancement data. The layers are

scanned 95 and coded by a variable length coder 96,

resulting in an enhancement data bitstream 64.

Base data bitstream 62 and enhancement data bitstream

64 may be stored on a server awaiting a client’s request for

- 10 -



resul ti ng in an enhancenent data bitstream 64. Base data bi t§‘tﬂrﬁ1 iy 9075 and
~ enhancenent data bitstream 64 may be stored on a server awai't 8 a?

client's r¥@e80134or 10 WO 02/30124 1 8 MAR 2005 PCT/ USORCBAR4H3068

vi deo sequence or broadcast to the network. When the video data are
transmtted over conmunication channel 17, base data 62 are transmtted,
typi cal |y withle MajepsseduenciarcdmandcdatatoFike ®tatesks aW¥hendadi agr am of
an exenpl ary decoder 22 Decoder 22, |ike encoder 12, max be inplemented as
sof tware. Fiigleo5ddeanase r it arssmi thech ot et o FodRemidiatd cang P@%%}dg—&/' of video
data that has been transmtted by a server 14 over a conmunication channel
17 and receibesg 28tby63a ate¢ eptansmbddeder tERisablin Withrilgyessi efustrates one
way to decode the video data but not the only way to decode the data. Sone
of the opereathamesmgdepi dakd.in Fig. 5 are linear, and nmay appear in a
different order. For exanple, Fig. 5 depicts enhancenent data as

reconbi ned with Bhige Bashows$t@rbl®E diggaant p6nan lexemplary Rpeeden|L?

techni que, a base data value corresponds to a picture unit such as a

pi xel , and thexodmrhadcehitke entadeepiasaaty ber implenaniedo asheopiédtfe unit.
Because the discrete cosine transformis |linear, however, enhancenent data
can be recortigied wetbhnbasetedata mefloyd for decoding and recovery of

video data that has been transmitted by a server 14 over a
communication channel 17 and received 20 by a client.
Decoder 22 shown in Fig. 5 illustrates one way to decode the
video data but not the only way to decode the data. Some of
the operations depicted in Fig. 5 are linear, and may appear
in a different order. For example, Fig. 5 depicts
enhancement data as recombined with base data after IDCT
operations 114, 132. With this technique, a base data value
corresponds to a picture unit such as a pixel, and the
enhancement data represent corrections to the picture unit.
Because the discrete cosine transform is linear, however,
enhancement data can be recombined with base data before
IDCT operations 114, 132. In the latter case, the base data
values represent DCT coefficients, and the enhancement data
represént corrections to the coefficients. Furthermore,
decoding may include additional operations that do not

appear in Fig. 5.

- 11 -



| DCT operations 114, 132. In the latter -case, the base data vg%ga '
. represent DCT coefficients, and the enhancenent data repre%@n At diBect i ons
to the coeWA®38K¥s. Furthernore, decoding may include addPCEmIsai/30348
operations that do not appear in Fig. 5. - 11 WD 02/30124 1 8 MAR 2005
PCT/ US01/ 30348 The input to decoder 22 includes a bitstream of video data
(not shown), whiEhenhypwe twedsraded ?htincluseasser baksbreamset d4id2%2 and a
bitstream of enhancenent data 102. A demultiplexer (not shown) may be used
to separatedahe (hptsthews. vBisk may P ditemarededsanspowPitsHepm 8 s the
sane as bitstream 62 shown in Fig. 4. Enhancenent data bitstream 102 shown
in Fig. 5 hbhesevdetaj&2nand mebdsshredy of rnhamaengsteddtmckdent Aat a
bitstream 64 shown in Fig. 4. Because of limtations in channel bandw dth,
| ess than tHemulbipleneuntngf sbaWahcearnte dirsd Foglherpeate aferi tted on the
channel . The base data and the enhancement data are subjected to different
decodi ng pr biestesamsr "Pigreldatesbitolirearnst? rhwwn 45 Fhe. enchdi ®he of base
data and enhancement data may not have involved identical steps, there may
be sone diffsemeneesbitatrémn ddcotipny protkssebs adnhehtement hdaka dat a
decodi ng pi peline 104, the base data

bitstream 102 shown in Fig. 5, however, is not necessarily

the same as enhancement data bitstream 64 shown in Fig. 4.

Because of limitations in channel bandwidth, less than the

full amount of enhancement data might be transmitted on the

channel.

The base data and the enhancement data are subjected to

different decodiﬁg processes, or “pipelines” 104, 106. Just

as the encoding of base data and enhancement data may not

have involved identical steps, there may be some differences

in the decoding processes as well.

In base data decoding pipeline 104, the base data

undergoes variable length decoding 108, an inverse scan 110,

an inverse quantization 112, and an IDCT 114. Variable

length decoding 108, inverse scan 110, inverse quantization

112 and IDCT 114 operations essentially undo variable length

coding 74, scanning 72, quantization 70 and DCT 68

operations performed during encoding shown in Fig. 4,

Decoded base data may fhen be processed in a motion

compensator 116, which may reconstruct individual pictures
_12_



under goes variabl e | ength decoding 108, an inverse scan 110, an inverse
quanti zation 112, and an IDCT 114. Variable |ength decodi ng1ﬁOBAR!2005erse
scan 110, woeysaquantization 112 and | DCT 114 oper ati onspessRii03id Y

undo variable length coding 74, scanning 72, quantization 70 and DCT 68
operations perfornmed during encoding shown in Fig. 4. Decoded base data

may then be pesedsspohithe dmlniges feonPEHs aiektutdbroWohemdmmy, I egegst ruct
i ndi vidual pictures - 12 1 8 MAR 2005 WO 02/30124 PCT/ US01/ 30348 based

upon the charfges &rprevimugi cureeforémeeneiictubat 2181 HOM B NRHeQUSy OF
"reference” picture 118 may be stored in a tenporary nenory unit called a
"frame buffer" téRPorandy megmorye uniedecasled reefEraneebubespdeh daing fpom 1 DCT
114 is used by notion conpensator 116 to determ ne how the next picCture
in the sequebeeustdraesa frefiuricheepr evé@tedidater €rohDEFCcH 1k 4 NRY ysegul t in
the creation of invalid video data, such as nunber out of range. A "dlip"

function 115byakesid¢hecagiensatali d1bytsaddtettrihBendat #1946 iReALEST
i n-range nunber. The output of the base data pipeline 104 is decoded base

video data 128. tHhesdpamdiaichadeesdE Agn e BIravesus heyerife . Figer513Ee
illustrative but are not the only way to achieve decoding. Decodi ng

pi pel i ne for mephasoenenin dated cx88tison dbf fienanta {1a8ydesodi ng g gel i ne for

base data 104. The enhancenent
number out of range. A “¢lip” function 115 makes the data
valid by setting the datum to the nearest in-range number.
The output of the base data pipeline 104 is decoded base
video data 122. The base data decoding techniques shown in
Fig. 5 are illustrative but are not the only way to achieve
decoding.

Decoding pipeline for enhancement data 106 is different

from decoding pipeline for base data 104. The enhancement
rdata undergo a variable length decoding process 124 and an
inverse scan process 126, which undo variable length coding
96 and scanning 95 performed by encoder 12. The data then
undergo collection 128 and post-processing 130. Collection
128, which will be described in more detail below, combines
the layers of enhancement data produced by threshold-based
layering.process 94. Post-processing 130 undoes pre-
processing 92 performed by encoder 12. The output from the

IDCT 132 represents a correction, which is summed 134 with
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data undergo a variable | ength decodi ng process 124 and an inverse scan

. process 126, which undo variable | ength coding 96 and scannft &gVARs2005
performed WP @MO%er 12. The data then undergo col | ection PES/USOL30348

post - processing 130. Collection 128, which will be described in nore
detail below, copbines the layers of enhancenment data produced by

t hr eshol d- ba§B8 PRS§ 3 tRy andocdipred. 1PDst regwidsssi ng éB8Paneedes pre-
processing 92, perfornmed by encoder 12. The output fromthe |DCT 132
represents aV&EV?EE?iYﬁEEQMﬁ@§ﬁ R$6sumed 134 with - 13 1 8 MAR 2005 WO
02/ 30124 PCT/ US01/ 30348 the base data and clipped 135, resulting in
enhanced vi ewabl 853U dhCYe13bandyidbh eepriivadntisantihedt precsrst r ai nt s
often prevent trapsm ssion of the full body of enhancenment data. Were
bandwi dt h cohSRPEFHESI UKot thet Thildbedy Mf eenhencenasti dataubsitereof the
enhancenent data {hat produce the best output video quality. One way to

sel ect subseP&nOYidHhfRSHEALNtAarKIPS, t b thamesirabhe eohzwmemert data bit
pl ane by bit | ane. Server 14 transmits nost significant bit plane 46
first, foll ofledS®YS tHe thiet ephaneement afatag-hate preducanshe lségmnidutpant bits
48. Server 14 continues to transmt as many bit planes as the bandw dth
can accomod¥t@se MBslityi-gnPrecHAY bbbt splesie ABsetsedbdesnhdrecdnagitest

transm ssi on riority, bit plane 48 with the next nost significant bits
data is to transmit the enhancement data bit plane by bit

plane. Server 14 transmits most significant bit plane 46
first, followed by the bit plane containing the next most
significant bits 48. Server 14 continues to transmit as
many bit planes as the bandwidth can accommodate. Most
significant bit plane 46 receives the highest transmission
priority, bit plane 48 with the next most significant bits
receives the next highest transmission priority, and so on.
3ecause of bandwidth limitations, bit planes containing less
significant bits might not be transmitted at all.

Bit plane by bit plane transmission of enhancement data
is inefficient for several reasons. First, most corrections
to the base data tend to be relatively small corrections.

As a result, most of the numbers in a block 40 of
enhancement data tend to be small numbers, and therefore
most significant bit plane 46 usually contains a high
percentage of ‘0’ bits. Similarly, next most significant

bit plane 48 is likely to consist of a high percentage of
_14_



recei ves the next highest transnission pricority, and so on.

Because of

~ bandwidth linmitations, bit planes containing | ess. signifiddnMARI20 ni ght
not be traWONR%3&t at all. Bit plane by bit plane transm ssPOVUS61/30348

‘enhancenent
corrections

data is inefficient for several reasons. First, nost
to the base data tend to be relatively small corrections.

As a

result, nost Bf Phesnuadidiaugh tyrhratky dchafrenasnsagentntnatatas hégh to. be
smal | nunbers, and therefore nost significant bit plane 46 usually
contai ns a hi§ht" geeentdgel fdicany bt trlamng i .ar Myanawkttimstondiyghwdi cant
bit plane 48 is |likely to consist of a high percentage of 14 1 8 MAR 2005
WO 02/ 30124 PET/RISFE B3y enhenasrest datholddieasfoireal Will heerneeatdnt age i s

not as high

unsatisfyin
bits are 10
bit pl ane

as in nost significant bit plane 46. Transmitting only two
bit planes ofe¥whandefhtundatd styhay e¢oreectiion tgetbeabdse dataylt in an
gbcorrection to the base data, because nost of the enhancement

PFaese Mot gledinet enhanpement inig semrancéfrenttxlat asbat pl ane by

will not result in inproved picture quality proportional to

bandwi dt h. GRIVHy tIransrittdpge ehharioerrnt Idatiabit pbane exgamikeplané |

usually result in cutting the picture correction quality by nore than

hal f. Second¥iEhdPhizepildndrudnprgoedpicivirsbigualléhgt hrompndiiegal6teonsunes

unequal® anounts of bandwi dth. Typically

bandwidth. Cutting the available bandwidth by half, for
example, will usually result in cutting the picture
correction quality by more than half.

Second, each bit plane undergoing variable length
coding 96 consumes unequal amounts of bandwidth. Typically
most significant bit plane 46 needs the least bandwidth and
least significant bit plane 50 needs the most bandwidth.
Generally speaking, each bit plane consumes more bandwidth
than the bit plane abové it. If enhancement data are
transmitted bit plane by bit plane, each transmitted bit
plane will consume a larger amount of bandwidth than the bit
plane previousiy transmitted. At some point the bandwidth
cannot accommodate an entire new bit plane, so only part of
a bit plane can be transmitted. As a result, only part of a
picture 36 receives the enhancement_of the bit plane, and
the rest of the picture does not. The entire picture 36 is

not enhanced equally.
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nost significant bit plane 46 needs:-the | east bandw dth and | east
-significant bit plane 50 needs the nost bandw dth. Generally speaking,
each bit plane consunes nore bandwidth than the bit plane abpdeMAR 20ub f
enhancenment data are transmtted bit plane by bit plane, each transmtted
bit plane will consune a |arger anount of bandwi dth than the bit plane
previously'transn?ﬁ%ﬁﬁi bAt $danepbynbit e dpandwadshisshsnats acconmodat e an
entire new bit _plane, so only part. of a bit plane can be transmtted. As
a result, onlyfpufiblst and goesunet 36llat dioresdt hetraharhanent mfe t he bit
pl ane, and the rest of the picture does not. The entire picture 36 is not
enhanced equd@f#yity ofi the Snghﬁcgm®5t1&ﬂhad, bit plane by bit plane
transmssion is inflexible and does not allow for adjustnment due to the
quality of the entithdErdnioyasade Theibat heirgiespdesidé hedider ei n provi de a
nore efficient use of avail abl e bandw dth by enploying a threshol d-based
| ayering proREEkcipnt peceshortdabigole Hamderiidhl Dy oamskoihgrzovi des for
i nprovenent to the picture as a whole, by flexibly dividing the
enhancenment de¥eshalidobasggelsyerindeprddess Oigi diyréshal bidaglaanes.
Partitioning the enhancenent data into bit planes takes no account of the
charact eri stlagening [peogehan8énpnovitida fod inghogetdier @NhaRCpTRRLrdat a
into layers, by contrast, allows the

as a whole, by flexibly dividing the enhancement data into

layers, rather than rigidly into bit planes. Partitioning
the enhancement data into bit planes takes no account of the
characteristics of the enhancement data. Dividing the
enhancement data into layers, by contrast, allows the
enhancement data to be partitioned depending upon the
characteristics of the enhancement data. Threshold-based
layering process 94 thus permits encoder 12 to adjust the
encoding process to the enhancement data. An advantage of
threshold-based layering is that it can usually produce a
plurality of layers consuming approximately equal amounts of
bandwidth, thereby more closely relating the guality of the
received picture to the available bandwidth.

The process of creation of enhancement layers is
depicted in Fig. 6. The process.begins with a body of
enhancement data (140) entering threshold-based layering
process 94. A determination is made whether layers of

enhancement data need to be created (142) and if not,
_16_



enhancenent data to be partitioned dependi-ng upon the characteristics of

~ the enhancenent data. Threshol d-based |ayering process 94 thus permts
encoder 12 to adjust the encoding process to the enhancement dgthar Ak
advant age of threshol d-based layering is that it can usually produce a
plurality of |l ayers.consunm ng approxi mately equal anounts of bandw dth,

t her eby noretg’l%géf’fzg'r'lé?sﬁq NG YERENguBFPESE D94 e cercbided pi4dlure to the
avai |l abl e bandwi dth. The process of creation of enhancenment |ayers is
depicted in Fi S.reG?r?hIEa‘b\E(f@é@%tE@@P n&ha t9P v dpsdymbtate e caprtingat a
(140) entering threshol d-based | ayering process 94. A determnation is nade
whet her IayeP%OSFsénhaﬁEéﬁEﬁwméﬁtalﬁeﬁ%ﬁtﬁﬁqﬁgcéméate@a%azngnsﬁﬁt if not, -
16 1 8 MAR 20%5 thresho| d-based | ayering process 94 is concluded (144).
There are mafy ¢oREYtPond’t Rdtseotihfnt eheina@re nhembugedatrny tormcess. For
example,- if _the enhancenent data consist entirely of 'O bits, then there
are no nore BAP5SEE°Pe 205 FREsdayering RIRCeSHy Y herpimakss. 9Dttherni nat es.
O her termnpating conditions can be whether process 94 has produced a

pr edet er ni nedSATMBRFIRY qoRfdtdons, capcdihethedier nvaceshl 4 taradwi dth has
been exhausted. Encoder 12 may also be allowed to determ ne the nunber of
|l ayers to beP*§eHEPAt2PrefetRrmingd wwpen wdd lavensr eodetta theelaaw,

creating a , ,
available bandwidth has been exhausted. Encoder 12 may also

be allowed to determine the number of layers to be
generated.

As will be explained in more detail below, creating a
layer of enhancement data includes selecting a threshold
value (146). On the basis of this threshold value, a layer
of enhancement data (148) cﬁnsisting of ‘1’ bits and ‘0’
bits is generated. The layer of enhancement data inclu&es a
‘1’ bit for all magnitudes greater than or equal to the
threshold value, and a ‘0’ bit for all magnitudes less than
the threshold value. By selection of the threshold value, a
layer may contain more, fewer, or an equal number of ‘1’
bits than would be contained in a bit plane. The threshold
can be selected'to regulate the number of ‘1’ bits in a
layer, or to regulaﬁe the distribution of ‘1’ bits withiﬁ a
layer, or to control the.bandwidth cpnsumed by a layer, or
any combination thereof. The threshold value is subtracted

from the magnitude of the enhancement data (150), but only
_17_



| ayer of enhancenent data includes selecting a threshold value N2146 ; On
- the basis of this threshold value, a |ayer of enhancenent dat 8 NARy

consi st i ngvOf02/84124bits and '0' bits is generated. The | ayepcofusensmmenent
‘data includes a '"1' bit for all nagnitudes greater than or equal to the
threshold value, and a '0' bit for all magnitudes Iess than the threshold
val ue. By sl it s6r mepRitrdes stukly dlouer an bayess &y tatidira sHBLE,
fewer, or an equal nunber of "1' bits than would be contained in a bit

pl ane. The t¥f gé‘ﬁ('il d° BgAabeve dlamstidides megukatetédie nunber of '1' bits in
a layer, or to regulate the distribution of "1' bits within a layer, or
to control the b&R&Ri PR teveurkd drpaseldayshe dayeanyay abiipaiinaedt her eof .
The threshold value is subtracted fromthe magnitude of the enhancenent
data (150), W) oAPy thelgnhagreymrao ta4al b8t MARe2A064 . PAHLIIALL20348 from
those nagnitudes equal to or in excess of the threshold so that no
negati ve madiPiGdedvaiactydes e heades thatl ayeres stics eailat dfhenkayer may
be included (152) in the enhancenent data bitstream 64. The | ayer

typical ly i fé§88sthrpshetd. t e shoesbofHevaahaeinftidaeacresennt &eshol d.
The threshold value in the header can be wused by decoder 22 to decode the
enhancenent U§&caby| decadelr t3Drta detchdet hhesbnhanyahere: anpdat.he thayer of

data, the

addition to the threshold value and the layer of data, the
sign values may be sent as well. Although there are many
ways to transmit sign value data, generally speaking it is
more efficient to transmit sign values only for coefficients
actually included in the enhancedldata bitstream, and to
transmit a coefficient’s sign value only once. The layering
process may then be repeated (154) to create additional
layers with different threshold values. It is possible that
the same threshold value may be used repeétedly to create
layers, and it is also possible that a later threshold value
may have a higher value than an earlier threshold value.
There are many ways to select a threshold level based
upon the characteristics of the enhancement data. One of
the ways to set a threshold level is shown in Fig. 7. The
enhancement data (160) are evaluated by counting the
frequencies of the coefficient magnitudes (162). &
statistical analysis, such as the preparation of a histogram

(164), is used to evaluate the distribution of the
- 18 -



sign values may be sent as well. Although there are many ways to transmt
~ sign value_data enerally speaking it is nore efficient td & MARSaiE si gn
val ues onl WOO¥304%etficients actually included in the enhaREBAISANBES4S
bitstream and to transmt a coefficient's sign value only once. The

| ayering proc%fg_s ma% t hen be repeated (154) to create additional |ayers
with differ ERETERFESRET U \BASRES UPPR FRe phisiiibeting: shasn shyrethenr eshol d
val ue may be used repeatedly to create |layers, and it _is also possible
that a |at erSttaEfLEEhB%d R Lsmdy SAdved el dy dsueelnakedrtearl i er

t hreshold val,ue. There are many ways to select a threshold | evel based
upon the ch&*¥cter FRe | S aficamsdteARRACEHEN L YAES. (G96) of W2¥R BMays to set a
threshold level ,is shown in Fig. 7. The enhancenent data (160) are

is ! :
eval uat ed by2CouhtPRg-theTaeGeRREEedatA Il WheFRIleFERRT nRigFAtARtes (162) .

A statistical analysis, such as the preparation of a histogram (164), is
used to evalPyBPETtAE dt'sttitfudiosnthe emeAngements lpwRr200re G B2/230124

PCT/ US01/ 30348 coefficients. Based upon the distributi-on shown by the
statistical ‘A¥§FyEPstiaamthin endesheed handwidtdy egreatingva deavdte to
enhancenent data into layers (166). Ways to partition the enhancenent data
i ncl ude sel ®EPARGE a2 tdgeted wpkBBFeRent 1auadiity f grepféngnhakevstent | ayer,

creating a layer to fit within a desired bandwi dth, creating a |layer to
depending upon other characteristics of the enhancement

data, or any combination thereof. A technique illustrated
below involves selection of threshold values to produce a
plurality of layers, each layer containing apptoximately a
target number of ‘1’ bits.

Figs. B8A and 8B use an exemplary block of coefficient
magnitudes (190) for a small picture to compare generation
of fiye layers of enhancement data (200, 202, 204, 206, 208)
to generation of three bit planes (192, 194, 196). Figs. 8A
and 8B also illustrate one of many techniques for selection
of threshold values. Beginning with an exemplary block of
coefficient magnitudes (190), it can be determined thaﬁ the
largest value in the block is 120 (which is, in this
example, the magnitude of the DC coefficient), or the seven-
bit binary number '11110007. Beéau;e the largest value in
the block (190) can be expressed with seven bits, the block
as a whole can be expressed in seven bit planes. The most

significant bit plane (192) includes fourteen ‘1’ bits. The
- 19 -



produce a desired enhancenent quality, creating a |ayer dEpﬁQ%@ﬁz on
- other characteristics of the enhancenent data, or any conbi hat er eof .
A techni quWO82388¢r at ed bel ow i nvol ves sel ection of thresh8Ca/Usal/30368 t o
produce a plurality of layers, each |layer containing approximtely a
target nunber of "1' bits. Figs. 8A and 8B use an exenplary bl ock of
coef fi ci ent SSABYHIRUHesS Iorvfieet kisnplangi chifle inclugepateeneimerat i on  of
five layers of enhancenment data (200, 202, 204, 206, 208) to generation of
three bit pl gne 1%9 9o Thig£himshost| §ignBi caiiy kil Hlewei (L86krate one of
many techni ques for selection of threshold values. Beginning wth an
exenpl ary bFBEiUQﬁS SRR G et e ghtfuddEngamdiviqe asapmaby detier ned t hat
the largest value in the block is 120 (which is, in this exanple, the
magni t ude ofCFheS TR LI iRt PLlage (he2kevdBrCaiae Hheanymhentet ‘1’
©1111000'. Because the largest value in the block (190) can be expressed
with seven Bite, ingeeaiascivitds eadhnsrecessii tr Rixpirdssed eackevin Dbit
pl anes. The nost significant bit plane (192) includes fourteen " 1' bits.
The 19 1 8 RARRSOPSSUNS D NSEEL bandEidiisouiao3de fidomd anesbesoxmiifi.cant bit
pl ane (194) includes twenty-one "1' bits. The third nost significant bit
pl ane (196) i ncludedRiNash bsithe thrpetkit Hlpnas t04i%%e 484 mahiflasnt he
nost significant bit plane (192) . Because the nunber of "1

Fig. 8A, Fig. 8B shows five layers of enhancement data (200,

202, 204, 206, 208), each layer targeted to include
approximately ten ‘1’ bits. The first enhancement layer
(200) was created by the selection of a first threshold
Ivalue of 71. The resulting first layer of enhancement data
(200) includes a ‘1’ bit for all coefficient magnitudes
greater than or equal to the first threshold value of 71, -
and.a ‘0’ bit for all magnitudes less than the threshold
value. Selection of a first threshold value of 71 results
in first layer (200) which includes ten ‘1’ bits.

The first threshold value of 71 is then subtracted from
all of the magnitudes that are greater than or equal to the
threshold value (150) and a second layer (202) can be
generated. The second selected threshold value is 49, which
results in a second layer of enhancement data (202). Like
the first layer, the second laygr includes ten ‘1’ bits.

The process then repeats to create the third layer

(204), which uses a third threshold value of 33. Once
_20_



bits increases wth each successive.btt 'plane, each bit pl a;bg ﬁ
* nore bandwi dth than the bit plane before it. In contrast to fl

pl anes (19W09¥¥12496) in Fig. 8A Fig. 8B shows five | ayePETafs01/30348
enhancenent data (200 202, 204, 206, 208), each layer targeted to include
approxi mately ten g.l bits. The first enhancenent |ayer (200) was created
by the sel eGER3R’oFPE EPLEE 1ayesh@Y) wBFHEdes N ‘Miebissul tAng first

| ayer of enhanc t data 200) includes a 1' bit for all coefficient
magni t udes @HéggE aﬁ’ﬁﬁn(% bq‘ii%ﬁatte(? WRERT B r SPUEHY ddtrsisiioddl @8 2F 71, and

b|t

a 10' bit fﬁr al |, g udes |l ess than the threshold value. Selection of a
first thres JEGWTAPUENGHUSES e’ Y bilsi a8tdPes @ fiftb) lamerh(30831 udes
ten "1' bits. eflr t threshold value of 71 is then subtracted from all

of the magnlctrﬁa gdi KiFhap ettt Ehitdtrashohdopfel®al to the threshold val ue
(150) and a second |l ayer (202) can be generated. The second sel ected
threshol d val ue F8ufe, P¥nfehectiuythrephoddseabirp /| fiae dpyenharenent data
(202) . Like  the first layer, the second layer includes ten "1' bits. The
process theﬁnPéBESﬁ“gnf-od%F%aﬁ%Othezotzhl P84t ag@f, 308)4)cannhiechensmated,t hird
threshold value of 33. Once - 20 1 8 MAR 2005 WO 02/30124 PCT/USO1/30348
again, the ERFRINREYRY ¥om4)l’ iditifdegndenach’ layen consumingt h | ayer (206)
created with a fourth threshold of 25

approximately the same bandwidth. In practice not all

layers are likely to have exactly the target number of ‘1’

bits, but by selection of threshold values based upon the

distribution of the data, it is frequently possible to

generate several layers that are close to each other in the

number of ‘l’ bits per layer. Moreover, although

partitioning the enhancement data into layers of equal

bandwidth may be desirable, the layers may also be of

unequal bandwidth.

The available bandwidth may also play a role in

determining the threshold values. If, for example, the

total available bandwidth would accommodate about fifty ‘17

bits per unit of time, then using thresholds to divide the

enhancement data into layers has advantages over dividing

the enhancement data into bit planes. The threshold-based

layering process includes the flexibility to generate five

complete layers of enhancement data (200, 202, 204, 206,

208), each layer improving the entire picture and all layers
- 21 -



i kew includes ten "1' bits, as does a fifth layer (208) created with a
~L:$Sﬁnfﬁr;2ﬁold of 19. Thus, by selection threshold values, figevwARyges of
enhancementW@4#/3012£00, 202, 204, 206, 208) can be gener at ed,pc198SUi/30848i Eg
ten "1' bits, and each | ayer consuim ng approximately the same bandw dt h. f
In practice not all layers are likely to have exactly the target nunber o

"1' bits, bGRPBYleerfReiny clarrirdshotitin ahuesvhases1 &POM AN L.
distribution of the data, it is frequently possible to generate several

' i A g A | ayer.
| ayers that dP8TcP¥sR Randwchthotheldi not hewowakEREr 286ommoadid SrRer
Ng)r/eover, although partitioning the enhancenent data into |ayers of equal

i ' i dt h.
bandwi dt h maybet de¥iesalid, plasekayeps, reps,al9e) bewrich ungauale andw
Tﬁg avai | abl Z bandwi dth may also play a role in determning tghe threshol d

C 1, fér kiemper ule timeathavaidealhaibapduv ity Agconmodat e _
\égloﬂtesfifty 1" bits per unit of time, then using thresho Jg to divide the

hwd G hancenent
nhancenent Bafeiasas-d -aydrs thastatyanivgesboyehasiwi fiNg,ofihe en
gat a into bit planes. The threshol d-based |ayering process Includes the

flexibility eceemsiadiee af QL€ feconpl eimbdrayer s1of p gphangsnent, ;dat 208?80’
202, 204, 206, 208), each layer inproving the entire picture and all
| ayers - 21 PNGOBHIGH 401 pBolidBe 200Frs capable of being carried

within that bandwidth.

Threshold selection may also take into account whether
the enhancement data are to be transmitted over two channels
of differing bandwidth. If, for example, a first channel
would accommodate about fifty ‘1’ bits per unit of time, and
a second channel would accommodate about thirty ‘1/ bits per
unit of time, then five complete layers (200, 202, 204, 206,
208) could be transmitted over the first channel and three
complete layers (200, 202, 204) could be transmitted over
the second channel.

Threshold selection may also be based upon other
factors other than or in addition to bandwidth, such as the
desired amount of improvement per layer.

After the layers and their corresponding threshold
values are received by decoder 22, decoder 22 undoes the
layering process by collecting 128 the layers. A process
for collecting is illustrated in Fig. 9. At the beginning

of the collection process, enhancement data for a particular
- 22 -



PCT/ USO01/ 30348 capabl e of being carried within the avail able gﬁﬂﬂygﬂgh.
That same bandwi dth coul d not, however, accommpdate the firl r bi t

pl anes (19¥04%0124196)  which include nore 1' bits per unPETAUSHEBIML t he
avai | abl e bandwi dth can accommodate. |If the total avail abl e bandw dth
woul d accommodate a different nunber of "1' bits, thresholds could be

sel ected to PPo8uRE YGRS slatapabreh oFs FeibdgckasPi etls nfashived HALObandwi dt h.
Threshol d sel ection may al so take into account whether the enhancenent
data are to B8ct PBRRARFEREY GoER EWRiHaihalonssdptdes famivyaidniodt h. | f
for exanple, a first channel would accommobdate about fifty “1' bits per
unit of tinel2¥RISa B IIeERanResIRANFIIAEC Satpdare adwcted eng " 1' Dbits
per unit of tinme, then five conplete |ayers (200, 202, 204, 206, 208)
coul d be traR&¥i PEeltti e anbuffest WHertheiildnboldrike masmiitares afers
(200, 202, 204) could be transm tted over the second channel. Threshold
sel ection mayl8l SBrPRCHGogfEhche et TyPisRd 1t Hee qarEediann addition
to bandw dth, such as the desired amount of inprovenent per |ayer. After
the |ayers af@efhérienty ridspbadbrifenhrashdindtivsaived to Eansceididd -by
decoder 22, decoder 22 undoes the |ayering process by collecting 128 the

| ayers. A prééedslayey ablensanragent data disr predent Hlf) 9.th& the

begi nning of the collection process, enhancenent data for a particular
threshold value used to generate that layer is recovered,

for example, the threshold is retrieved from the layer
header (216). The threshold value is then added to each
correction coefficient in the buffer for each ‘1’ bit in the
layer (218). For each ‘0’ bit, nothing is added to the
corresponding correction coefficient in the buffer. The
process repeats (220) as long as there are additional
layers. With each additional layer, the data in the buffer
approaches the value of the data that underwent the
threshold process 94 in encoder 12. When all layers have
been collected, and the data in the buffer represent the
collected enhancement data 102 received by decoder 22, which
is usually only an approximation of the full body of
enhancement data. The data are assigned the appropriate
sign value (222, 224).

The data may also undergo an optional truncation
adjustment (226). Truncation inaccuracies occur for non-

zero magnitudes that fall below the lowest threshold value
- 23 -



-'22 18 MAR 2005 WO 02/30124 PCT/US01/-30348 unit of video data, such as a
- block 30, is received (210) The enhancenent data typically d nMF%@ f a
plurality B0O0238124rs. The |ayers of enhancenent data are colPicaaised3masl nay
be held in a buffer, which will hold the magni tudes of the correction
coefficients. Typically the correction coefficients in the buffer are
initialized®nd axgr Goe23mplli tobe dymansFritdésdancEhent wrAltusdas esent (214),
the threshold value used to generate that |ayer is recovered, for
exanpl e, theeRaesesterd insthet puefan 45 FRMORE -| afspncabbeieradiupsmenthe
.threshold value is then added to each correction coefficient in the buffer
for each ~12dd§i @ ismatlRe ampypbrof 2IyisqotoeseR120® bhe, 29%A%i ndhes added to
the corresponding correction coefficient in the buffer. The process
repeats (22isgs maghgimplvheeeshse afididdiagalr crapépst VRideeddifhaddi ti onal
| ayer, the data in the buffer approaches the value of the data that
under went thaunbaresppirexpmatety odetquariesdef the bpeesthl thyepheds have
been collected, and the data in the buffer represent the collected
enhancenentvalitea 102 aldcaeerved by thedduifex2, wWaotheri gptsemlis tonly an
approxi mation of the full body of enhancenent data. The data are assigned
t he approprieplecssitire zairgevaldees 9wl rafidenddngegay uhdeesinalderan
optional truncation

than the lowest threshold value. Following truncation

adjustment (226), the collection process is tﬁen concluded
(228) and the enhancement data may be further processed and
combined with base data as shown in Fig. 5.

Various embodiments of the invention have been
described. These and other embodiments are within the scope

of the following claims.
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adj ustment (226). Truncation inaccuracies occur for non- zero nmagnitudes
that fall below the | owest threshold value - 23 WD 02/30124 18 MAR 2005
PCTI USO1/ 30348 and are too snmall to be transnmitted. These magnitudes are
represented in the buffer as zeroes. Truncation adjustnent agg@ﬁaﬂggal
amount of "noise" to replace the zeros. The noise may sinpﬂy sf of
addi ng a constant value, such as a nunber approximtely one-quarter of the
| owest thresheLﬂIMgalue, to all zeros in the buffer. Another option is to
repl ace the zeéFo—values with randominteger values smaller than the | owest
t hreshol d value. Follo 'ng truncation adjustment (226), the collection
process is then coﬁcmﬁgha £99BY1ahb9t he enhancenent data may be further
processed and conbined with base data as shown in Fig. 5. Various
enbodi ment s ofleEAEMLAVBHEL RBnaRaVBtbeénavaesebipeangnedehand ot her
enbodi nents are within the scope of the following clains. 1 8 MAR 2005
CLAIMS 1. A nepaodfyonpriessnggldebendivnidhl &oraesaht obf mavhipabl dayers
bandw dt h; specifying a single bandw dth for each of nmultiple |ayers of
di gital yfdedgbastdvodebhpassuuoh eheaswmbliabl efbandmM dbbe bandwidth;

forming multiple layers of digital video enhancement

data, each of the multiple layers consuming substantially the

specified bandwidth.

2. The method of claim 1 wherein forming a layer of
video enhancement data further comprises:

selecting a threshold value based upon the amount of
available bandwidth; and

generating a layer of video enhancement data based upon

the threshold wvalue.

3. The method of claim 2 further comprising:

transmitting the layer of video enhancement data over a
digital communication channel; and

transmitting the threshold value over the digital

communication channel.
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formng nultiple layers of digital video enhancenent data, each of the
multiple layers consum ng substantially the specified bandwi dth. 2. The
met hod of claiml1l wherein form ng a |ayer of video enhancenent data
further conprises: selecting a threshold val ue based upon tHé MABUNES of
avai |l abl e bandwi dth; and generating a | ayer of video enhancenent data based
upon the threshold value. 3. The nethod of claim2 further conprising:

transmtting Ehe I% er of Yideo enhancenment data over 8 digital,,
communi cat i on® chankbl 2*hhG1Er SRERTLEING EhECTRFEERGFAa0aPLE BOGH Fhe
digital comunication channel. 25 1 8 MAR 2005 4. An article conprising a

conput erVrtadabrer RBdFERPURRF cRXSEBEBRLBoMPEEERCELEREt ABFeViAgPr deERons for
video data processing, the instructions causing a machine to: determ ne an

anount opreavafbabbe bhadwhdthuctpessf gansinagbempahdnedth:for each of
multiple layers of digital video based on the anount of avail able
bandw dt h; fodeteuhinpl enl ayenstobfdagaldbbledbandnhdnhenent data, each of
the nultiple |ayers consum ng substantially the specified bandw dth. 5.
The article ofpetarh 4 whageenpbhaawingharbayekchf of multiple layers of
digital video based on the amount of available bandwidth;
form multiple layers of digital video enhancement data,

each of the multiple layers consuming substantially the

specified bandwidth.

5. The article of claim 4 wherein forming a layer of
video enhancement data further comprises:

selecting a threshold value based upon the amount of
available bandwidth; and

generating a layer of video enhancement data based upon

the threshold wvalue.

6. The article of claim 5, the instructions further
causing the machine to:

transmit the layer of video enhancement data over a
digital communication channel; and

transmit the threshold value over the digital

communication channel.
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vi deo enhancenent data further conprises: selecting a threshold val ue based
- upon the anount of available bandw dth; and generating a | ayer of video
enhancenent data based upon the threshold value. 6. The article of claim
5, the instructions further causing the machine to: transmt 4 hagl r of
vi deo enhancenent data over a digital conmunication channel; and transmt
the threshold value over the digital comunication channel. 26 1 8 MAR
2005 7. A netﬂod cgngrtﬁigg: Brocessipg | ayers of digital video enhancenent
data to enhance a“bASE"9PdE8BfgRAlY the | ayers each consumi ng
substantially the same bandwi dth which is based on an anount of overal
avai |l abl e banB#PaeRSinBetayfireaeh 8195hRd Vagepsenhppcamgntafiatal tes having
substantially the same nunber of digital ones. 8. The nmethod of claim?7
wher ei n ¢heahagseavbdee svidaal sigoapri sks hapecsueechandnsheiegn each
processed | ayer enhances the entire picture. 9. An article conprising a
conput er suleataht fabidi the wamehbahawedthowpiter iexeseseabbe hAstmdghtons for
video data processing, the instructions causing a nmachine to:

of overall available bandwidth, wherein each of said layers

are digital values having substantially the same number of

digital ones.

8. The method of claim 7 wherein the base video signal
comprises a picture, and wherein each processed layer enhances

the entire picture.

9. An article comprising a computer-readable medium
which stores computer-executable instructions for video data
processing, the instructions causing a machine to:

process layers of digital video enhancement data to
enhance a base video signal, the layers having substantially
equal bandwidth requirements, the bandwidth requirements being

based on an amount of overall available bandwidth.

10. The article of claim 9 wherein the base video signal
comprises a picture, and wherein each processed layer enhances

the entire picture.
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process layers of digital video enhancenent data to enhance a base video
-signal, the layers having substantially equal bandw dth requirenents, the
bandw dt h requi renments being based on an anount of overall avail able
bandwi dt h. 10. The article of claim9 wherein the base vidqushgﬁﬁ@s
conprises a picture, and wherein each processed | ayer enhances 1 entire
picture. 27 1 8 MAR 2005 11. A nethod conprising: receiving one of a
plurality of yers of gi ital video _enhancenent data; receiving a

t hreshol d val te" cof rBEhBRAI Hg™Pb thRIf ayer, wherein the |ayer conprises a
1" bit for each magnitude reater than or equal to the threshold val ue;
transmitting ¥ﬁ%e%ﬁgﬁgh8pﬁ 94l BePbvErLLhE @f gi 2¥PrScoOfmiLPéhi ohlenannel ;
and transmtting the | ayer over a digital comunication channel wherein

each of e¢hkaptepantt¢ab;|layers are digital values having substantially
the sane nunber of digital ones and consum ng substantially the sanme
bandwi dt h, theecensiuneda bhndahdif belng basedspondnngnbonthef layeral
avail abl e bandwidth. 12. An article conprising a conputer-readabl e nedi um
whi ch stwhesetonphéel agsecubmplesessarutti bns for wheromdghatupeocessi ng,
the instructions causing a machine to:
greater than or equal to the threshold value;
transmitting the threshold value over the digital
communication channel; and
transmitting the layer over a digital communication
channel wherein each of the plurality of layers are digital
values having substantially the same number of digital ones
and consuming substantially the same bandwidth, the consumed

bandwidth being based on an amount of overall available

bandwidth.

12. An article comprising a computer-readable medium
which stores computer-executable instructions for video data
processing, the instructions causing a machine to:

recelve one of a plurality of layers of digital video
enhancement data that achieves a bandwidth requirement;

receive a threshold value corresponding to the layer,
wherein the layer comprises a ‘1’ bit for each magnitude

greater than or equal to the threshold wvalue; and
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receive one of a plurality of layers of digital video enhancenent data

t hat achi eves a bandw dth requirenent; receive a threshold val ue
corresponding to the | ayer, wherein the | ayer conprises a "1' bit for each
magni tude greater than or equal to the threshold value; and £8 MARSIHAR
2005 transmt the threshold value over the digital comunication channel;
and transmt the |ayer over a digital communication channel, wherein the

recei ve conprjses recejving. |ayers  of ital hanc data that each

| hol ude subet HRERaTES FHE ShRELRRIADER TR BYEF: SPCoNog BN coneuri ng
substantially the sane bandw dth, the consuned bandw dt h bei ng based on an
amount ofoMBYRIGRFIaParhaBPelhaRBfdi dth. 13. A met hod conprising: generating
froma source video sequence a digital base video signal; generating from
t he source vi deanseytenbe dapedyover di divarali deomenhaatémenthdabel,and
generating fromthe body of digital video enhancenent data plural |ayers

of di gi tehevéirotbahaacemeat cdapajiseacheotivihe phueak bayetgieabsum ng
substantially a single specified bandw dth based on an anount of overal

avai | abl enbanduhehb. ddda Thetnetbadintlghai Budstanbesneip the bagy of
digital video enhancenent data includes a plurality of nagnitudes, and
number of digital ones and consuming substantially the same

bandwidth, the consumed bandwidth being based on an amount of

overall available bandwidth.

13. A method comprising:

generating from a source video sequence a digital base
video signal;

generating from the source video sequence a body of
digital video enhancement data; and

generating from the body of digital video enhancement
data plural layers of digital video enhancement data, each of
the plural layers consuming substantially a single specified

bandwidth based on an amount of overall available bandwidth.

14. The method of claim 13, wherein the body of digital
video enhancement data includes a plurality of magnitudes, and
wherein generating a layer of digital video enhancement data

comprises:
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wherein generating a |layer of digital video enhancenent data conprises: 29
-1 8 MAR 2005 selecting a threshold value; and formng a |ayer of digital

vi deo enhancenent data conprising a "1' bit for each magnitude greater
than or equal to the threshold value. 15. A nmethod as in Chf n%ém wherein
said formng conprises formng nultiple |layers which have ! B% 0ones and
digital zeros, and wherein each of said nultiple | ayers include
substantially tfe gane nu g lg ?ﬁi one 16. An article as in claim
4, wherein sard TRstPRcE §es 8+ fo 88ﬁp?? e formng nultiple |ayers

whi ch have digital ones and digital zeros, and wherein each of the |ayers
has a substag?F%FP9 3 MRYEF ﬁﬁnﬁéng?ldVbﬁ?aleﬁhégcegént data

comprising a ‘1’ bit for each magnitude greater than or equal

to the threshold value.

15. A method as in claim 1, wherein said forming
comprises forming multiple layers which have digital ones and
digital zeros, and wherein each of said multiple layers

include substantially the same number of digital ones.

16. An article as in claim 4, wherein said instructions
to form comprise forming multiple layers which have digital
ones and digital zeros, and wherein each of the layers has a

substantially similar number of digital ones.
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