; e3eRYR$! h" " %6%@ %~ WO 02/ 30124 PCT/US01/311348  This inventi okl ates to
vi deo processing. For comrunication on a |imted bandw dth digital channel,

anal og Vi de@ob5019f t en encoded into a bitstreamand the bit
conpressed. Deconpression and conversion back to anal og isa%gﬁgﬁgwiphe

receiver end. A conpression technique that partially conpensates for |oss
of quality involves separating the video data into two bodies of data prior

to transm ssion: a "base" body of data and an "enhancenent™ m ﬂ mNmm“au
The base data include a lowquality version of the video SJN m mmﬂl lcan
be transmtted using conparativev3pHa tRoeEBamd@i dt h. The enhancgggnpt data

provi de 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 receiving E dat a

may be reconbined with the enhancenent data during the d;ﬁ Nmm m“ m SS.

Reconbi ning the base data wth all RAHRGROENBNt data wil | resqhﬁw&n out put

video of quality very close to the or%gigg%%%ideo. Because of "Communi cati on
r,

| channel bandmePﬁ568N§P§b??n%ﬁlaﬁ8ﬁe FR9e56899 of 1 WO

| 12/ 31112-4 PCT/ US111/ 3113~8 enhancenent . data often cannot be transmtted.
Consequent |y enH%H%éﬁﬂﬁPnﬂﬁﬁ%“ﬁ}émdﬁcﬁa%ﬁt?%q%”§WﬁgFard§%5§€ts, each of
which requires little bandw dth,, and one or e subsets of enhancenent
fint 5 oy DL ETHHE (B Bt VHIR St e R e I5ESes gt ety (1 g
nmore enhancenent. data produces better output video, but requires nore
bandvi dth. BR B ORSCRTPTPERF O SFHE BRAWRESSFIG. °14 PO % TUh® PGl bl ock
di agram showi ng a path of a video signal. Fig. 1b is a diagram show ng a
path of a videdPdiYnadls. IePg. a2 §he FeRPeVeF cital representation of units
maki ng up a typical picture. Figs. 3a and 3b are diagrans depicting

organi sati on of DCPWEErFier eftdinimug. that sParhiaddk aPERFTH SHFoicdg vi deo
encodi ng and conpression. Fig. 5 is a block diagram showi ng vi deo decodi ng.

Fig. Gis al?$dwharnmlitlustYatiasg saPehpbstd| dhpasdeac] &§et i Hy proeess. Fig.
7 is a flowhart illustrating selection of a threshold. - 2 WO 02/ 3012

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 tc 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 quality very
close to the original video. Because of communication

channel bandwidth constraints, however, the full Dbody of

-1 -



PCT/ USO1 /30348 Figs. 8a and 8b show an exanpl e body of magnitudes of
enhancenent data, coefficients, divided into subsets of bit planes and
| ayers. Fiygp 0830184 @ flowchart illustrating collection of lﬁ?/h&lﬁ.ﬂS
enhancenment data by a decoder. DETAI LED DESCRI PTI ON Gener a ) {
t echni ques descri bed bel ow i nprove the distribution of video data in a
network in i I fhenept sampuni I ths are _gharacterjzed;by
di fferent Hﬁﬂgﬁﬁﬁgkg. E?g% la |sQ§8§Foc g?égran1sﬁgﬁﬁHgﬁg_ﬁgthqtgken by
video data a[}%egde%ttr byt ed. OvVAr, ;3.0et MOg Ky, iRyt s%})g&gs signal ;30 is fed
into an encoder 12, which converts I nput Vi deo signal 10 into video data in
. the formof_ .a i rea [ of bits,..Qr i e e yi deo data
are then st%@ggpgﬁhgﬁgggvg?g%%i%%gﬁgﬁﬁg a %%%Jggio?oﬁé%%éﬁ%# §§ ata. Wen
server 14 recejVv r S . the i t.a, .t ; d to a
transm ttere%g%nc\%%llec § t%(rgg%s%ﬁ g)et tﬁégaé%lg@g%g%toﬁéleaSglg%?ulnnﬁ%a ®i ghgchannel
on the net ecel.y. 0_.r.ecei 8 a ends. the data as a
bi t stream }tl\%‘g%é ddgécéader %gggsﬁ%tolggr hégéc%%s%lg%énaétn%e dfagge l\/gebg“c-es:% WO
02/ 3(112.1 PCT/US01/30348.bitstream.in n_out put. vi.deo signal 24, which
may t hen beb%%5%é§wtpu§i§}g?%’gﬁ%wée u%§% éﬁ?%b%%&dgfg?%Uting video data. A
vi deo source 11 produces input video signal 10, which is input to a first
conputer 13. First conputer 13 includes encoder 12, which encodes the video
data in a bitstream 18 for transm ssion al ong comuni cati on channel 17
coupled to network 19. Fhisir GWserierrds ¢ Sid DRhwdRSs nenory 15 to store
the video data and may function as server 14. A second conputer 23, which
i ncl udes decoder 22, receives bitstream 18 via channel 21. Decoder 22
converts the receigedabiitstreamti®niant p1ack o fHHany isd60isd gnalatddofwhi ch
may then be viewed on a viewer 25. The encodi ng done in encoder 12 may
i nvol ve | osgyvLdWrassiaon techni ques such as MPEG 2 or MPEG 4, version 1 or
version 2. (MPEGis short for Motion Picture Experts

Fig. 1lb 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 coefficlents.

Fig. 4 is a block diagram showing video encoding and
compression.

Fig. 5 is a block diagram showing video decoding.

Fig. 6 is a flowchart illustrating a threshold-based
layering process.

Fig. 7 1s a flowchart illustrating selection of a

threshold.



G oup, and MPEG 2 and MPEG 4 represent digital video conpression standards
and file formats devel oped by the group.) These techniques result in the
creation @f of base video data, that is, a body of data sufficient
to pernitqg%ﬁ%$g?¥on of a viewabl e video sequence of Iesséﬁﬁﬁﬂﬁvpgysthan IS
represented by the source video sequence. Tf the base video data were to be
decoded and vie w L ihg. video, | d pekcel an.i nferior
versi on of the gﬁ%&fngg %§%§%$5?g3739 % f?%%%% ggf%ﬂé%%?%%§4nghe | ossy
conpr essi onLeehnl e gIPL oY BYMAEG | 8 {0, engads mustoof dhgpictures in
t he vi deo sequence as changes fromone picture to the next (along wits

noti on vect r.at.h n as the picture data itself. This techni que
results in ég%%ﬁ%ﬁﬁgrg%Y%pgaving of bandw dt h. Anot her body of data, called
enhancenent dat%&gqagtugeg %fgecié&feﬁfﬂgqngﬁgﬁpego§%ggggéiQgglbagesvideo_

pi cture and an orlglnaf unguanti zé |npu? Vi ded prcture. en “€dnbi ned with
t he base daggwﬂ&g%cgnhggcgggggod%;%eiggégve the quality of the viewable

vi deo sequence, resuW?lng i h iﬁbrovea v-deo out put. A subset of enhancenent
data may include corrections to a picture, or corrections to the change
fromone picture to the next. In general, enhancenent data correspond to
the base data, i.e., if the base data encode the changes from one picture
to the next, then the enhancenent data corresponding to the base data
includes a correction to the change fromone picture to the next.
Enhancenent data may al so be usgfhtiHy B@sdREPEHIY 22 to reconstruct

pi ctures that have been renoved fromthe encoded base video data during
encoding 12. In many circumnmstances, the comuni cation channel 1G has
limted bandw ditdeneaRd)¢anc e camdates S@d®sr ey Bl odldmp Ofvd Ree
enhancenent data. \Wen receiver 20 and decoder 22 receive |less than the

full anountqyof: enphancgameptv o8 A datadin 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 trarsmitter 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 recelved



WO 112/3012 PCT/USO /3038 output video 24 is less than fully corrected.

The techni ques descri bed below utilize the bandwidth efficiently,

deliveri ngvgohgatiey enhancenent for a given bandw dth, by ci;&e}p%)(n%,ﬂdbsets

or "layers" of enhancenent data by a threshol d- based process Q

described below. Fig. 2 shows some units that forma picture. In general, a

picture is gRAe upOf nRLCAIMI&: QI 8MERRS e O i XelsS. ARB- Yy & 3quaLe of

pi xels forms a block 30, and a 2-by-2 square of blocks fornms a macrobl ock

32. Macroblogks. pl aced side-by-side may forma slice 39 of picture data. A

slice is a horizontal strip of the picture or several adjacent strips in

- raster scanning Qileh, &nspuPncRLah $bicess M EIRROSE S, RlGLUT €536, For
purposes of illustration, the process of encoding wl e denonstrated by

| ooking at an&s s8Rl 9ek, Afaddeq dat a, 88 AGtiah Ppocessing sy take

. place using units of data other than an 8-by-8 bl ocks, such as a macrobl ock

3?. During NEPUl B9 PE OGRSy NG 3T ChALS: A de

transfornat%]g[%utgrocess as a p rtteof 3ata cosfrtpreg@iug%.}( %@vﬁ eqi??elfsed

transformi i4SCr 0si r f RGL. ;Ih ]DQI ' l.i;near

transform s?%%bgerrdt%’t ﬁ%gaqus%%t%gt%ggrgi g'}r[g%é ans orl?;n |§n t %tltrseta%le 1t8r ansf or ned

data are orgder f.r n [ I e coefficients, .An 8-by-8

bl ock of pi ]gcg g&uaﬁyénrléglgﬁg %ﬁ%ﬁ%ﬁngg%%{% cejChg%mﬁ?by SC?TL%JF%qreldx tgf

coefficient T er at n --,G VWQ.02/ 3012-4 P 01/ 303~8
groups of p??(tevf%&ogggt ”g)f[rgs)?zéognpgléc%\keﬂﬁ,a}s%%hmasldge 6@%199313/6%% (L:)é(%k, but the
transformo 99 ? -8 hlock is an exe ) | i Lon pof the DCT. In
goner a , t te r{jesr/éfg gge(gc Aéqn%yfng)lsb?g}é%{%?é%%xg g’%ﬁé é?'di Serete si gnal .
The DCT creates AN 8- b¥-8 gr?tri X, %f icoEffi cignts representing the

hori zont al ??%%nuencgf/npélnartﬁe’ vwehrltcl cal'® 1rl%l:eq%eneccfdc?fr fhe b?%eejl s Fi g. 3a

illustrates how a arranges the coefficients.in an 8-by-8 matrix 40. The
hori zont al %b%%ﬁecﬁmtgs"é?egb?% e&%wi t e‘f%geﬁ %\I%BFPPV%HE%nW terns on the
left and the higher-frequency terns on the right. The vertjcal coefficients
are order edr‘\;v\‘ﬁlﬁvet%é’llté ?@‘?r]eetq&é‘ﬁ(?yafle?%p‘bﬁ‘nq’ldeo sfgnal 24, wnich

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 1s 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 represented 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 versiocn of

the original video.



the top and the higher-frequency ternms on the bottom The coefficient
stored in the uppernost leftnost cell 42 represents the portion of the

8- by-8 bl sedopioipy Xxel s that has zero horizontal frequency ﬁ@ﬁ r ertical
frequency, the portion that is constant throughout the bI 0 U%‘ﬁ/ﬁs&

coefficient, which is often called the "DC coefficient," may represent the
average col or anflehiboly ness, bsle eobhi gl %qugleﬁe@lagﬁlmeTae ggefficient

stored in |l owernost rightnost cell 44 represents t hi'ghest anount of

hori zont al @r&%d‘ée%to'sﬁabfcﬂ?é‘%c‘ﬁ‘uEQB”lﬁ hen bl ack, 'erlju&rPcle s“c%ﬁhée!“ thin

matri x 40 can be integers any arbitrary range. equent 'y t

. coefficient St u n e I §thn i, bits, and a
sign (posi tjisrv&eH e%r% géggr €€ @O gg%s:(%??néa%%r% grtthgg(ee Oﬁa RR E) 112/ 31112

PCT/ 11501/ Pﬁi(alt?hetﬁtﬁ%n LleL,u&tJ %ﬂ%@u’r@ bLO, i?‘psrelrfat rll‘%ls Q: l?;% visualized as

. a three-di mensi onal array of "binary coefficients, wth each cel | of the

array occupled, by an 1 oBht; fradnOsabits Jhe,uppeapst plane of bits, or

"bit plane" 46, represents the nost significant bits. The next h| ghest

| 48 t
pl ane repr es%g\%ﬁhtetgebgg fT%%eas' g0y {4 gan 'c%ﬁen%'l?aéaoThe array shown

| ower nost pl ane repr eden I'east™ si gni | cant

in Fig. 3b Lnepresents an 8: b“y 8 matrrxxh1~I §0Deff| ckgn% 53 cy)éu"e e%%
S, f I

coeffrcrent consrstrng “of “j each coef fi¢cient can represent
an integer fromnalt 225 (2 - ]_)‘:l Mor e .or fl ver th%er q:ht brt%l can be used
to represent” J’[Che co&PHEIET ehts I% en%ij)%ﬁ) Ny process” geher é'}oels matrr x of
coefficients, nhancerr&n téT an t()je tf urt her d| dedag'%
plurality of* | 151 RRES For™ 1t rdivs i sPS%merAs Wi TR S {iSs Edeh

di vi di ng thf ancerregt dat%rnto bit planes . is inefficient an g

i nfl exi bl e.%A t¥r §¢A8FG-baked &7EFFig°pro Beasd At RS S SwGPfers a

nore flexible arl efficient way of dividing the enhancenent data. Fig. 4
shows a bl SeK* dgram of an exerrpl ary encoder 12. Encoder 12 nay be

i npl emented as software, whi tored in a_machi ne or .conputer
system on any mdcHRiREeFedta C}Er’rﬁ?\é‘re é%’é‘?r% énﬁﬁgﬁ t?%r’iﬁ?l%oélrs 6Bt i cal
drive, or a picture, or corrections to the change from one picture to
the next. 1In general, enhancement data correspond to the
base data, i.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 tc 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 amoun: of enhancement data,
- 5 -



may be stored within non-volatile nmenory such as read-only nenory (ROV

Fig. 4 denonstrates encoding and conpression _ 8 WO 112/ 3() 12~

PCT/ USO1/ 34348005 a series of input pictures 60, resultin A base data
bitstream of video data 62 plus a bitstream of enhancenentgﬁgﬁﬁoﬁﬁ?“ﬁase
data bitstream 62 and enhancenen t data bitstream 64 may be conbined into a

singl e out puty Rt stieaMenot shawp), Ry «a1 pul tdplexes, (npte shown), prior to

storage on a server or transm ssion al ong a comruni cati on channel. The base

data may be.cleplad Dycstanta baildeaceneading apdagogpsession 66. The
encodi ng and conpressi on conponents 6 hown in Fig. 4 are illustrative but

. are not theeppwléq@ylgtodegb&@wﬁlge@%@teg and.eomrgosbon, Fngading and

conpressicn may enpl duanttzation 70, scannin and vari abl e

Length codifgndidiad eali geeofs hase data Be is, &%Jjor bY BLOGESSi oW th moSt Of

. the loss occurring durtng quantization so inc udes conponent s

to encode t he hay des belueeaL uliy/idual  bi cf ure scpf%%%ég@ﬁverse

quantl zation an inverse discret cosine transtorm 8, notion

conpensation 80, QfamegggggesgggLﬂg&gp@hggtfgggloglgbufo d & ubtraction 86

of an earlier picture rominput picture strea ate the

changes frqgﬁgggjplctg et Qet en@%étuF ég.%ﬁkéﬂ%émgl%mguptragglon 90 t hat
at

results in e créat ancenen e enhancenent data under go

processingeagégﬁparqge Ihg Ei%§%fd Qelshﬁ)enhgaganent atqm§3n5|st of

the differ et ween antlzed ase Vi and” t'hé unquanti zed
i nput V|deo WO 02/3U1 PCT[ US

enhancenent éﬁ'ﬁ§§p8£d?¥ﬁf % & Sach %lc %ﬁ%a%pcgrééen%&%ﬁﬁéﬁﬁoc 8
t he changes

i ndi vi dual %f%?% héﬁséF

pre

nts to
nd|V|d€ |ctures

h toth
3Tﬁ€r@nﬁanﬁﬁ%ondgtBlﬁgﬂ %qﬁngo 0 t?onaF

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 blccks, 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 i1s 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 pisxels undergeoing a DCT will generate an

8-by-8 matrix of coefficients. The DCT may coperate on
_6_



processing 92. Pre-processing may include, for exanple, enphasizing the
visual l'y inportant conponents in the enhancenment data and de-enphasi zi ng

t he vi sualW¢yod/fgbgni ficant conponents. In general, people @%H z}g 3 vi deo
generally tend to focus upon the overall appearance of themglt i % r at her
t han upon the details of the pictures. Information related to the overaII

appear ance,q WhiGhoieS, IR 6 WsSuahly s§ie9é“'af§ GRAY, E?&Q%s’f% he-goneentrated
in the Iovverfrequency DCT terns Brown in Fig. 3. =nformation related to

details of fiheupi LErene WUGR rhen! £8SaViSURI-BY 3b ORI fd GANExkEDLS, O be
concentrated in the higher-frequency DCT térns. Pre-processing can be used

. to enphasi zg, she vk sHabk el goirfi cant dat.a,: gicukbnget ttﬂé‘a&@%a&ﬁa@sm ssion
priority. The enhancenent data undergo a threshol d-based I ayering process

94, descrihgdgd pipRke detaid; below qideratd we ﬁQP' i Gﬁate' 7100 0f e
. threshol d-based | ayering process 94 creates rru tiple layers of enhancenent

data. The layers apenscanned da.and. caded Ry asyariable.d epgthocoder 96,

resulting in an enhancenent data bitstream 64. Base data bitstream 62 and

enhancenent:.dat.a bi,t sLgeam 64 . may. besstored onra, geryel.1anaiting a client's
request for Qzltu nly W&(e)@llZ/ §U 3¥La2 1 P(fﬂrj; us(l 1/ 3%13 ﬁ~/—l8 t he vi deo sequence

or broadeast toghe netyoric e hhe video data.ar e dansattted,over

conmuni cati on channel 1 ase a 62 are transAitted, typically with

| ayers of eaianesmElLs dﬁ;glxﬁ& 558 llhoqggﬁkcg%ﬁgm@nf apeexenpl ary

decoder cod encoder e inplemented as software.

Flg. 5 demysl tdeaé@hn@ﬁmdmfe@ fggggaaa%e d pecoyeriAf yideg.data that

has been transmtte Server over' a conmuni cation channel 17 and

recei ved ZQ\}% ggtmf neqq] of 2t J?Qomﬁtn Fide 9eit; ééstrat es one way to

decode the ot the on y way to decode the ‘data. Some of the

oper at | ons d%&%%%%QnLQ g% %EQE w1t eal . g wer ¥38R§1 Ry db ferent
order. For exarrpl e, Frg: i Cl's enhancenent "data"as co Pnéd with base

data after per t on lggh %32 Wth this tec ue, ba§g data val ue

corresponds é?PpF‘B? SH] CEGERCERE LD ™S SiatY engJO to
coefficient stored in the uppermost leftmost cell 42
represents the portion of the 8-by-8 block of pixels that
has zero horizontal frequency and zero vertical frequency,
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 integers 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 cf a single bit.
.._7._



enhancenment data represent corrections to the picture unit. Because the

di sc=ete cosine transformis |linear, however, enhancenment data can be
reconbi nedy i pase data before I DCT operations 114, 132.({2 the |atter
case, the base data val ues represent DCT coefficients, and CHES YA cenent
data represent corrections to the coefficients. Furthernore, decodi ng may

include additional joperatiqns ithat (dosPot, apngatol RaFlid Rsuailleq VWO
U2/ 3(112 PCT/ US111/ 30348 The input "to decoder 22 |ncYudes a bitstream of

video data (nof 50u0)indh TRy, bey separated LotecA ALl gamof base

data 62 and a bitstreamo ancenent data A demultipl exer (riot

shown.) may.he, used o separate Lhe.pitstieans,, Base data bjtpigeam 62

shown in Fig. 5 is the sane as bits ~=eam S i'g. 4. Enhancenent

data bitstr i & 9+ hovewvel,,. L.s nat cess %g he sane a
its ﬁ@u&%%@?%%imﬂg'& btsOYEWETy: L3 000 pg gﬁ%'gxtg S S

enhancenent 4 shown i n Fi g.” 4. Because’ imtations in

channel bandw dtlh. Less: than.t e (ul |namunt qf .eobanceimentygdata i ght be

transmtted on the channel. e base data and the enhancenent data are

subj ected 1,0 difLerentdecadi ng Rpr 9§§§§§§ca Q pipspelipes; 04, pf0G Just as

t he encodi ng "'of base data and enhancenent data may not have involved

| dentical sfgpsnotbere, By, pe.some Lt ferencesl o, Lhe. degading processes as

well. In base codi ng pipeline e base’dat'a undergoes vari abl e

| engt h decadi ng 108, _an inverse sgan 11G _an _inverse quantization 112, and
an [DCT 114 artati & Tehgth ddecoding ot iy ar ob- Shah TG H Rber se

quarti zatior DCT.%}4 0 eratgggg.e sentialL%%und variable |l ength
a

and, | DCI
codi ng 74, <Ea ﬁfﬁ8n5ﬁi ﬁﬂ%nf? t ~GR" nad OCT568 ra f&ﬁgtperforned

during enc dhﬂg s?gw@ in gﬂ :O%%f.gggogeqabaégmdgga may IQ%P ge orocessed in
a notion cgﬁbensa OF'S 1182 i 8 Frkay ST B cBHE (T REE S PRET ¥ dUH gﬁlch?@s - 12
Vo 02/3111%):0 255 (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 encoder
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 compression
_.8..



PCTI USO1/ 303~H based upon the changes fromone picture to the next. Data
froma previous, or "reference" picture 118 nay be stored in a tenporary
menory UniWOQ}?)JJ)SSJ a "frame buffer"” 120 and nay be used as a reference.
Decoded data from IDCT 114 is used by notion conpensator 1RGUSVIAEBH i ne
how t he next picture iii the sequence changes fromthe previous picture.
I DCT 119 nm fresult. in the creatiqgn of invalid vi.deo.data% such as nunber
out of rang8f A SEIi%" OFumBE T orP I8 ek 8E t he® Yatd v ari @ B3 S etttichg t he
datumto the, pearest in-range nunber. The output of the base data pipeline
104 is decogégsBﬁ%aé“\ﬂ dé’égagt%atlaz < 'ﬂjrélsbaslél'g%{iraeaﬁ‘ec? d?ﬂﬁa?%%?ﬁﬂ%ques shown
it Fig. 5 are illustrative but are not the only way to achi eve decodi ng.

Decodi ng pi P&Ff né 1‘or]3"7‘€ﬁh§%%nt?sln“tstoraet‘s‘é[1 nga?g %?}fafrél’?@ﬁflgf P30 decodi ng

pi peline for base data 104. The enhancenent data underaﬁ aﬂﬁvari abl e length
_ decodi ng pr B8¢EEETABY %nBRENn°T nYEPXE e an “Br dceYW IR 8 TRAF o LidS Aar i abl e
| ength coding 96 and scanni ng. 95 perforned by encoder 12, The data then
under go col I(B8Fi ¥ D8 LAng PostLprsEssdPPigs ey comrect FBnSF2&9%hi ch wil |
be described in nore detail below, comhines the |ayers of enhancenent data
produced by°Fh? eSHolSH- FasEGCPEETT Y Fri6eE8ss 9A M PBESAIpPBCERRTHY 130 undoes
preprocessing 92 perfornmed by encoder 12. The output fromthe |DCT 132
represents a corFeetiaon, IRhRCRRY LS URTEGSA3RY wi tafdarfzvideqeenacis§l2- 4
PCT/ USO / 3U348 t he base data and clipped 135, resulting in enhanced
vi ewabl e vi @86 GATREFGOPAS O not BRE dPGVEL "BaRlthi P TESAL P af FRRC BT eNn
prevent transm ssion of the full body of enhancenent data. Wiere bandw dth
constrai nt s 68xFRPW 41 F39dedi P EDI € h P HALAZRI Puls ISe o tof NE heR-ehHEcenent
data that produce the best output video quality. One way to sel ect subsets
of enhancen®ft 28ates £COE PAN3A ST ERRARcenEHOddaraabiltt pl ane by bit
pl ane. Server 14 transmts nost significant bit plane 46 first, foll owed by
the Lit pl aseémebnt il Mgyt REPhexta nish &Sirgaren ekt ising 048scqapiier 14
continues to transmt as nmany bit planes as the bandw dth ca: accommobdat e.
Most si gni f i7éaand byarysicare 1460 tlecetdiow e hfydassitont cdnsabssiare fd ority,
bit plane 48 with the next nost significant bits

iz a lossy process, with most of the loss occurraing during

quantization 70. Fig. 4 also includes components to encode
the changes between individual pictures, including inverse
gquantization 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 6L to isolate the changes from one
picture 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 between the unguantized base

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



receives the next highest transm ssion priority, and so on. Because of
bandwidth limtations, bit planes containing | ess significant bi ts m ght

not be trapsghdiggl at all. Bit plane by Lit plane transmssion

enhancement data Is inefficient for several reasons. First} CWH%‘{'B"““
corrections to the base data tend to be relatively small correctlons As a
resul t host, of the.n rs in. a blo of ..enha t tend to be
snmal | nurrbershan ea‘ephege or'e oSt °si gﬁ#flocéar?twb%tl @‘ﬁgénrg& %%%ﬁgl | y contains

a i oh percenage. . 0 to;%ﬁe %ﬁ@e A LYy NEX dméﬁgi% 58al BLt plane

48 is |likely to consist o ercentage of
. PCT/ US01/ 303 Q' picall perce t as high

as in nost sfllgtnlafs” cnlh ane %X Jl'&g‘h‘éir/ﬁ"{&{l r? %EE o a&eng%%ggranes of
enhancenment dat t he eLore WI general result |n an_unsati sfying
. correction to t{rﬂi[“(la]ebaél adﬁ?gén%e 535 éé’ TR r—?tl Hahdeifent bits are "0
bits. As a result, ?sm ti nTcli eréharllgerrng t ldnaClu it gl ane b b|t pl ane
will not reRUiTSH gn% GFESGUAITRY Propsrti dRal 8 B&adwi dt h.

f 0 X

a
Cuttlngtheaallable ndvmd al for anpl will usually result
in cutting ?I?F\é]apsilc,ztlﬁlge SrYje%Lfainm BPFE Eiln or‘rr‘%?rrTg ﬁ%m”haﬁf Second, each
bit plane undergoing. v abl e I ength codin consu unequal anounts of
bandwi dt h. &8 n§§% 3 sPhide &Rmﬁ%tl’gﬂ gtgré A6° Hggfﬁé the | east

bandw dt h and | east. significant bit plane 50 needs the npst bandw dt h.
General |y sheadTg,* S6a8h “BTY OB Hite cgﬂsﬁ‘ﬁ%%l%r EBRAAW UL H THaf the bit

pl ane above jt. If enhancenent data are transmtted bjt Iane by bit plane,
each transnyt{%d glﬁ“terﬁlléﬁetﬁqlltocéﬁ§ﬁﬁeu%oq* askg%rovﬁﬁﬁ%ta CYFRGR AEh t han
the bit pl ane previously transm tted. At sone point the bandw dth cannot
accommodat et & RIfITE SnenAbie " pihdie "PED bt Y part Sofat B tP35I%ERE can be
transmtted. As a result, only part of a |cture 3G recei ves the

enhancenent 1bfoFd 5t rFikahed %fhd‘htehév?% o?pﬁer?éaﬁflﬁt u¥etdods RGES The

entire picture 36 is not enhanced equal Ig
visuvally significant, tends to be concen*rated in the lower-

én
2
oved pitc rFt

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 undergo 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.._



Third, bit plane by bit plane transm ss~~on is inflexible and does not
allow for adjustnent due to the quality of the enhancenent data. The

t echni quesw@asgpiped herein provide a nore efficient use of avail able
bandwi dti ~ by enpl oyi ng a threshol d-based | ayering process §FUS01/30348
Threshol d- based | ayering process 94 provides for inprovenent to the picture

as 2 whol e, why f1exl bl diul o pg, theenbapgenent, daka,d nt gnLaysrs, rather

than rigidly rnto I"anes. Itioning the enhancenment data into bit

pl anes takes. u of .. C i St of . .t t data.
Di vi ding t he BRR AT BaRe Gar AT Era] yers opiTdm a8, CRIREEFE
. enhancenent _data.t.o partitioned .deper din n.the characteristics of
t he enhanceﬁ%ﬁ ‘%EFEESTRF83h6?%ETé§§S§'|5?8%?%bﬂ€386%§§aéir%ﬁﬂé permts
encoder 12 to adég§§1}gptgncoding process to the enhancenent data. An
advant age of "PRPEERSITdSE5Sed | ayering is that it can usual |y produce a
plurality of |ayers consumn r.oxj.mately ual ampunts of bandw.dth,

t her eby nore clogg?y%r§ﬁ8Wan ?ﬁngﬁgﬁﬂfﬁmO??tIéefggglﬁé %?V?%?éLgo t he
avai |l abl e bgndmﬁdt@r Tq?kgrocesg oﬂypr%ptiog Pf:pgﬂgncgnegtségxens is

depi cted in E-§°®6. BrotaseBedivis "A't RS & o dy “bf “EnRanteneht *dat a
(140) entering threshol d-based | ayeri rqcess. 94. determ nation is nmade
whet her Iayg%§‘0$ ST éﬁcéﬁgﬁ? %d?%ﬁcgggogogﬁ%pc¥5%9§§ CEa2yahd i f not, -
16 t hreshol d- based | ayering_process 94 is, concluded (149). There are
many condi t VSA&°t TFi5@ﬁ¥d“?§rﬂgﬁéﬁéﬁ¥ﬁ§uF§§%r?%di6%688&5?2F%‘ﬂ%fbnple, i f
t he enhancenent data consist entirely of "0' bits, then there are no nore
data to be prPOtEss }Oén&h?ﬁﬁefdyéﬁﬁ%brﬁFSé%%% 9o WePnthaBBE: O her

term nating conditions can be whether process 94 has produced a

pr edet er mi n@4CALHber: SF MRy ePsF1Gr whetlHEFT219° &R WAl eCbaftRidt®chas been
exhausted. Encoder 1'' may also be allowed to determ ne the nunber of

| ayers to b&lgenetattedtABORW Fie bt lekplryi hed srdforéedeart bEMwCicr eati ng
a layer of enhancenent data includes selecting a threshold ~ralue (196). On
the basis oflehPReiHriesor@ryaree,im Higyer 8FC ehtififcentht WAY £RPF4S)
consisting of "1' bits and "0' bits is generated. The | ayer of enhancenent
data incl udég a diffqgenti grdart nEghisgdescgr Bt er® GRAC6F equal to the

AN

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 coslne transform is linear, however,
enhancement data can be recombined with base data before
IDCT operations 114, 132. 1In the latter case, the base data
values represent DCT coefficients, and the enhancement data
represent corrections to the coefficients. Furthermore,
decoding may include additional cperations that do not

appear in Fig. 5.

_11__



threshold value, and a "0' bit for all nmagnitudes |ess than the threshold
val ue. By sel ection of the threshold val ue, a layer may contain nnre
fewer, or @@ @@yply number of “1' bits than would be contained in

plane. The threshold can be selected to regulate the nunbefc3ﬂﬁ“ﬁﬁnﬁits in
a layer, or to regulate the distribution of 1" bits mnthln a layer, or to

control the bandy dth cqn%unggTq%ﬂg92a¥g 1u8% Ji l%%qb %gqugpreof The
e ude he“en

threshold value is sdﬁ%ract Fom the magni anceirent dat a

(150), but 8n£a not sh wd@o thr01%8Ig€ %%¥n{§%%§ﬁ% fr891§€¥% ni tudes

equal to or In eﬁcess (0] the es no ne a Ive nmagni tuades are

. Created. CnEe thg ad% crg Hi?j g%h%flaxpgn eé%ada?C|E@§d (152) in the

enhancenent ~daf a % ?s Féam 6 ayer i neéltides” a header t hat

stores the val ue_of. the chasen threshol The threshold cyal ye in the header
can be used“By" gEc%H%?”ﬁi“Pg a@%88e%Pﬁé%§n AR enent Par " #n addltlon to
the threshcld, val ue ar~d the | r..of data, . the SI n %alue 0e sent as
wel | . AIthohéhsEh%? areanﬁn %%3’ Strea&ngﬁlfl %’vaﬁge da%a Yeneral Iy
speaking it is nnr Tpleng to transm_t SI val ues onI for coefficients
actual |y |n5FﬂaeaS E?ﬂ?ggﬁh hc@&”ﬂéﬁ& BFﬁst H?lﬁhﬁePS rdhshit a

coefficient!s, s on yering process_ ma hen be
r epeat ed (1?&} %ge@TaQ#% % f%n gye% mF?h’dﬁTP@EeH?C?%? d val ues.
It is possib e that the sane thre(? e used repeatedly to

S

v
create |ayer8% S8t §P§8mﬁ%§ bﬁ%ﬁgrQaT e PHPesRol ¥ val ue may
have a hi gher val ue an an earlier resho here ar e ny ways to
o oot b OhBEehBrE by das St oot et EnoPaRTEr i dASET e RHE TR ancarent
data. One of the wa to seé a threshold level is shown in Fi 7. The
enhancenentft}éﬁ-aa‘(“i%rtﬁ%.EréEr GAFERRHd B SRR T e tHEFREGERACT BT t he

coefficient magnitudes (162). A statistical analysis, such as the
preparatlonCBﬁnﬁehrstogran1(I64) is used to evaluate the distribution of
the - 18 WO U2/ 3(112-4 PCT/U SO01 /303-48 coefficients. Based upon the
di stribution shoffebyriheaseabrdt tienlerdrargseat (48 2ra sRPERHGH tics

sel ected to divide the enhancement data into layers (166). \Wys to
partition tRéfénkaneettndiadt Breeriifde S&| 8BEP Té*taﬂ@ét h%hbeh“ﬁﬁ 1'
bits for the enhancenent |ayer, creating a layer to fit within a desired
bandw dt h, éﬁeéb?n@“%Pq%ﬂﬂePftbaiﬁcﬁﬁﬁﬁea@ddé§hﬁ@ﬁﬁmﬁﬂ¥aﬁééﬁeh%ycﬂ&ﬂ| ty,
creating a layer dependi ng upon other characteristics of the enhancenent
data, or anpavenbhwnatVeh itdsateerl arser fhgue MY Uzt pareddbefownidnfol ves
sel ection of threshcld values to produce a plurality of layers, each |ayer
cont ai : ~i ngiapphexdepedieldy paorasget atumséd .of " 1' bits.
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, guantization 70 and DCT 68

operations performed during encoding shown in Fig. 4.

Decoded base data may then be processed in a motion

compensator 116, which may reconstruct individual pictures
_12_



Figs. 8A and 8B use an exenplary block of coefficient magnitudes (190) for
a small picture to conpare generation of five layers of enhancenent data
(200, 202, 204 206, 208) to generation of t~~ree bit pla 194,

196) . Fi@gqogﬂhéﬁd 8B also illustrate one of many techniqgéﬁuﬁég%%glection
of threshold values. Beginning with an exenplary bl ock of coefficient

magni tudes (190), it car__be determ ned that the |argest value in the bl ock
is 120 (whi®@FSSs "PPR Fﬁ?sc% fOPh%n%ﬂﬁﬁﬁ%ﬁget8fE?ﬂé“ﬁﬁ“co@FFFcient), cr
t he sevenbi%_binar¥ number ~11110Q00' . Becaqﬁgljh 1%ar%e§% vg}ue in the

bl ock (190) Hh & EXPrESsed wtHSEIER BitS  the 1Bl Bek &% A OWAGI &7 can be

expressed ir_ seven bit planes.. The t significa bj t ane ('92)

The! uddes. f GUTIBEIToEY BPRGEY T S8 lES Ry GEErS) SPITSTh HOrAUSON 30 3-8
second nost _significant bit plane (194) includes twenty-one "1' bits. The
third nDss}§?d%F9i€ﬁn? bf t S L1 HrTe (%@87&?%0éﬁﬁbgrfmen?éis}&q“f'uBF?s, al nost
tw ce as many as the nost significant bit plane %192 . Because t he nunber
of "1 bitszH%FéégegomfF%S%%ﬁh]§@CE83§?Wﬁgﬁfﬁ PPEnERe BTH B P Ene
consunes nmo=a bandwi dth than the bit plane before it. In contrast to the

~. hree bit Pl dli€s seagencoghandss) FrANFHy WAVEYS. PR SHows HoCFetlayers of
enhancenent data (200, 202, 204, 206, 208), each |ayer targeted to include
appr oxi mat efd¥ & ULt 1B ke FHRE s L ehhshiciéhertierayata( 30" R&s creat ed
by the selection of a first th=eshold value of 71. The resulting first

| ayer of erH&RSENONE dat 821200) A neldgestypctionyild 5f I@?k%altf@oélﬁ%?ci ent
magni tudes greater than or equal to the first threshold value of 71, and a
“0' bit forvalid pagrietides tesslatygntehene Hredstesitd 1varaede SeIeeti-on of a
first threshold value of 71 results in first layer (200) which includes ten
“1' bits. THee fautentt Afeshel khamldgéaopimal ine tiRdn isudeeedeedaBeom al | of
the magnitudes tr.at are greater than or equal to the threshold val ue (150)
a: ~d a secondldaperita(202) chire b sgedefat@Eoding fecbnddses edtoed £hr eshol d
value is 4~, which results in a second |ayer of enhancenent data (202).

Li ke the first. |Saper, ithessecoiite bayeprrs nedtudes oady” 12y bie sichflegepr ocess
then repeats to create the third layer (204), which uses a third threshold
va~ue of 33He@ubeo- 20 WO U2/ 3(112 PCT/USOL/ 3113.t8 aga_n, the third

| ayer (204) includes ten "1' bits. A fourth layer (206) created with a
fourth threshol deafed2bgl pkewd se ifvel adbsntawentl'dalyiat $06 ass dbdSeaehift h

| ayer (208) crewed with a fifth threshold of 19. Thus, by sel ection
threshcl d vedaresiedoaiedl aypesiof femhanse dwnt ldat.a (RO0e¢nharidden209, 206,
208) can be generated, each having ten "1' bits, and each | ayer consum ng
appr oxi mat edaytd hevazane bandw dile llengfh @e@etiimee proteadlitayerdsaare |ikely
to have exactly the target number of "1' bits, but by selection o.

t hreshol d valwesdased vponeihel26, which undo variable length coding

96 and scanning 95 performed by encecder 12. The data then
undergo collection 128 and vost-processing 130. Collection
128, which will be described in more detall 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, whzch is summed 134 with



cist?~ibution cf the data, it is frequently poss _ble to generate several
| ayers that are close to each other i:~ the nunber of "1' bits per |ayer.
hi or ecver,,, gh partitioning the enhancenent data intgck /50 equal
bandmﬁdtﬁwﬁgégggydesirable, the | ayers may al so be of uneqﬁaﬁ¥ggnéa{dth.
The avail abl e bandw dth may also play a role in determning the threshold

val ues. If, for,example, Lhe.1atal, aval ! able handukdLh, wguld acconunodat e

about fifty S péer “uni tine, en using thres to divide the

enhancenent into | ayer advant ages over dividing the enhancenent
data into bygg&$%%£§gdf%egfﬁ?es %Wd-based | ayering process includes the

flexibility to generate fj C | et. a f. h -4data (200, 202,
209, 206, 208),g§%c v ?§y8k¥§$¢;§§h€%j tﬁexgﬁf?r%?ﬁ?gcggggggﬁ%vgiqt | ayers - 21

WO 02/31112_1 PCT/US(11/3113~8.capable of being carried, wthin the
avai | abl o BETENTHR il STret HanaWdt ROl OE  naber MR

sane 0 no however ¢commodat e
the first three bit planes (192, 194, 196 which include nore ~1' bits per
et H e § RaETettn RarRE s L RE sk 120Ny A LSRR e

avai |l abl e bandw dt h | d accommmodat e different, nu r of ~1' bhits,
Fhotshol ds BRar S b n e Ea R R eter hhth S ryan Bi5OBE: R BHE | e
within that bandw dth. Threshol d se-ec&ion qu al so takg i nto account

whet her thevéﬁﬁ%ﬁ@ﬁﬂéﬁﬁ'da Be Yt BELEFANS I 11 6d Odv EFCF NS HENnnel s of
differing bandwidth. If, for exanple, a first, channel ul d accommodat e
Chout 11 2ty 205e £8 ko shanGhl s B Rrte 2k S AL e RAAE! P hauh
accomodat e about thirty 1" bits per unit of tinme, then fjive conplete
o ohorises, shoal soMoHTE gO8b ¢ rar ey Poreh 1 ¥ B4 et
channel and _three conplete layers (20G 202, 209) could be transmtted over
the second Ehanhel LOFIEENLYI B'S & idctitaRenBy™ ' 90 e ChEsBEX bigtiF fot he~~

factors other than or in addition to bandw dth, such as the
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.
Because of bandwidth limitations, bit planes containing less
significant bits might not be transmitted at all.

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



desired amount of inprovenent per |ayer. After the layers and their
correspondi ng threshol d val ues are recei ved by decoder 22, decoder 22

undoes t I Ling process by collecting 128 the layers.p kpGRssk for
coIIectiﬁgopggﬁﬁ+ustrated in Fig. 9. At the beg;nning of t é®corﬁection

process, enhancenent data for a particular - 22 WO 112/3(112.1
(210). The cahancerent “Iral(ypiear s Sondierard prarilt & s ayers. The
Wil hold Cho Aagaerudes b iR B5Fr B on SoorFrarERE S Bdatly the
correct] on eaethbalants LindMeRutl 8Ly 2r Sddidd a2 1 0,280,612 1 2

| ayer of eﬁ%an enen ata is present e threshold value‘used to

generate that_l.ayer LS r. ver f Eallrgg!e,+ the threshold is retrieved
fromtl~e P%?%P%hgédgﬁ ?%%%?¥H$ﬁggtﬁ§§§%o rbéfuég?sg?ﬁ%ﬁggﬁﬁed to each

correction .coefficient Z he buffe each _1' \hit_in the |ayer (218).

For each‘erﬁﬁﬁsé W%F%iﬁg %%aéﬁﬁgac%ﬁéﬁiénﬁgrﬁé%poﬁdi%bt%brggcﬁion

coefficient_in.the, buffer Thegprocess regﬁﬁ;stg%Zg%aas | o as.there are
“he~da

addi ti onal 1EYErS. WA eRcH AFEERORAT T ayer 2 1h Fire P er
approaches the value of .the data that ugde[mentlphe threshol d ?rgcess 94 in
encoder 12."MueA 4 FeLiybr & HAVE BEENP ot et ted ok dPT A  datPR % n “Phe buf f er
represent the CO | eCed enhancenent data 102 received by decqder 22, which
is usually Qﬂﬂﬂy%gﬁ%appgd§£h%ﬁﬁ: SVafﬁgthﬂThﬁgﬁétéfb%n%%ng nt data. The
data are assigned the appropriate sign,val (22 224). The data may al so
undergo an %ﬁéﬁé@ﬁalwﬁ}unﬁif or i&fﬁ%?nﬁ%tchiﬁéﬁ.%?Fuﬂiék??ﬁ1i naccur aci es
occur for non zerqQ ma niiudeﬁ?that fgﬂl gglqilthe | owest threshold val ue -
23 WO | 1593EE2°T PET USO3 3%t B"&hd*&Hr'e too snall to be transnitt ed.
These magni tudes are represented._in the buffer as zeroes., Truncation

adj ust ment adds S£CSREN | CARBUMT ELAPROTRELT IU e JPEEE L Rel K Es. The noi se
may sinply consist of adding a constant val ue, such as a nunber

appr ohi mat 137 0We J§uEPRERTSY WIRAURSWRRPUR T ¢Shoradvafte; t1YPAEe13¥ros in
the buffer. Another option is to replace the zero values wth random

i nteger valEs SHEPEELCERANPTheeaResdt RHESHAEI LeartiePa b1 i9Ri Agd
truncation adjustnment (223%, the collection process is then concluded (228i
and the enhgiRemsAgndat a2y e Plarthe? Proteddedrant eorbiiddd -wi t h base

data as shown in Fia. 5. Various enbodinents of the --~nvention have been
descri bed. GRieg@ldid SEEREEN@MFEENTEAE SP B VEAWIUACBhBOSR dRp di dfhe

foll owi ng cl ai ns.
than the bit plane zbove it. I£f enhancement data are

transmitted bit plane by bit plane, each transmitted bit
plane will consume a larger amount of bandwidth than the bit
plane previously 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 c¢f the bit plane, and
the rest of the picture does not. The entire picture 36 is

not enhanced equally.
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- 24 V1' O 02/3(112 PCT/US01/303-48 ~n~l:at is clained is 1. A nethod
conprising: formng |layers of digital video enhancenent data to achieve
bandw dth requirenents for the respective layers. 2. The nmethod of claiml
wherein Lormng a |ayer of video enhancenent data further conprises:
selecting a threshold val ue based upon the bandw dth requirenents; and
generating a | aygr .af yide C ng . dat ased_upon the threshold
val ue. The net ho 16?’0%%?&?5§?€?$h§ggc %%%?gfﬁﬁémgFgﬁgﬁi%?ing the | ayer of
vi deo enhancenent. t % a di.gital communj.cation, channel; ,and
transmttirty %Xéb?%r gggo&%esva Outg %@8%“ ??Fe WIGEEFEoMuni T dti%n channel .
4. An articIS%(i %%S%Q% ghqgggg$eE-Eggdable medi um whi ch stores
conputer-e%%cﬁ&a | €7ins ruc?lonse¥br Vrdeo data processi ng, the
i nstructions ca%ﬁkn X! nac@ggmaééxﬁ.ko&n%lgyersIpf.gigitalﬁvideo enhancenent
data to achi eve bandw dthitequiTements For the PEdssctive Y ayers. - 25
V~' O 02/3(;%§3§.P%I/H§glé (§§j§_%uéTEgngrt'cJ%)of céain19 wherein formng a
data I ConpriseS™Ps8Yet¥ihg a threshol d

. I1C1
| ayer of video enhancenen art her

val ue based_upon the, bandw dth requirenments, a eperatin | ayer of

vi deo enhanE%ﬁ%ﬂFﬂ'apﬁsﬁgg%%y%53ﬁyfﬁ@cFﬁ?é%%ol3%6§F88£géba%ﬁ£ article of
claim5, the instructions further causing the machine to. transmt the

| ayer of viteE EMfaRc8nent %%I%f?ﬁhﬁesafa gitBHCVEBRTENF R at o P -rttRel : and
transmt the threshold value gver the digital conmunicatior channel. 7. A
met hod conp?§ S G:C1Fr oB8sET w1 ey iy 18£ 19 git Snh¢rgeBeRhrice®e data to
enhance a base video signal, the |ayers having bandw dth requirenents. 8.
The met hod BIYSai MEE RRerRM T Hlay &PEC nalie PappEaxi nBR ety &qda® bandwi dt h
requi renents. 9. The nethod of claim'7 wherein the base video signal

conpri ses a-t ARPECCRAR" WietRi i tCabRt pP b édkPayBP aftrititett hBCentire

picture, - 26 o .
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 preocess 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 gquality 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__



WO 02/3(112 PCT/US(11/3113.18 i0. An article conprising a conputer-readable
medi um whi ch stores conputer-executable instructions for video data
processing, the instructions causing a machine to: process |ayers of

digital video enhancenent data to enhance a base video signal, the |ayers
havi ng bandw dth requirements. 11. The article of claim 10 wherein the

| ayers haverpppsiaxidmbeby eqvatiRandwdth seaqul repeitgeqleiadhe article of
claim 10 wherein tl:e base video signal conprises a picture, and wherein

each procesggdrd ayel 2Rhanees it ekl eoRi $1iW&ink3e faetpd cenpri sing:
receiving a layer of digital video enhancenent data that achieves a

bandwi dt h !'ﬁgé'@:é@srfentF’oraQQaﬁq%_P@,srﬂﬁttih'égeBHEnJcé&/e‘?{t Queh Bodsgit al
comuni caticn channe 1. 14. The nethod of claim 13, wherein the | ayer of

digital videpeephancamegt gata, i fhbst havel, ol di ghtal cyigeo
enhancenent data t'hat achieves a first bandw dth requirenent, the nethod

further cOMPEbSiAGia 7 sadl tne WO AI2I3012 BCTL US) 14d:3) 328, ecsid,ng a seco: d

| ayer of d=gifal video enhancenent ta that achieves a secon andwi dt h

requi rertent o wher it hen{i £54y bandnit iy £ eau raeat i 5, npt s equal o the

second bandw dth requirenent, trar~smtting the secon ayer over the

digital comgughcald on ;&Q?EQQ irﬁegj VnB}h%eQEBPOPaﬂrsC' %E”&zﬂg’%z&é‘f thar

conprising: “receiving a resho ue corresponding to e layer, wherein

the layer C?UQH?&% %a‘néluil?'{ﬁ HOL Rach URanLiyde gzeaker {hap pro.ggual to
the thresaold Val ue; an

be allowed to determine the number of layers tc be

generated.

As will pbe 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) consisting of ‘1’ bits and ‘0’
bits is generated. The layer of enhancement data includes 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 wvalue, 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 regulate the distribution of ‘1’ bits within a
layer, or to control the bandwidth consumed by a layer, or
any combination thereof. The threshold value is subtracted

from the magnitude of the enhancement data (150), but only
- 17_



transmtting the threshold value over the digital conmur_ication channel.
16. An article conprisir_g a conputer--readabl e nedi um which stores

conmput er -@¥akHhAR! € instructions for video data pzocessi ngCT}&%\m 1348
instructions causing a machine to: receive a |ayer of digital "vi S [:16

enhancenment data that achieves a bandw dth requirenent, and transrnit the

| ayer over s aidl. sammunLeal lonaghannel - 1% The BEticle ok gLaum 10

wherein the |layer of digital video enhancement data 8r of

digital vidgo ¢1,28 10 ngggci\;g/n%%gtugg/ USU1/ 3113.,~8 enhancenent da’ ~a that

achieves a first bandw dth requi'renent, the Tnstrictions further causi ng a

machi ne to: recejye anseeond. |, igital, video enhancenent data that
achi eves a second bandwi d%ﬁ rel%i%%grgr{%%g’, gﬁv&heerleaiyﬁrt Wgy;l?er S PEAER dt h

requirenent j¢,nqQt, equal e bandw dt h requjrement, and transmt
t he secor_d( I ay)er over t%ﬁeé)ndélegn%tnzl ggggm%lm%a §%8n 6dhantist 128X The article

of claim 16,,4:he h9st LUeljons, fhté[aghgr}:ggyssitnv\ﬁ%r gﬁ%h{f%}g‘lﬁt %ferecei ve a

t hreshol d val'ue corresponding tot ayer-, Fhéonprises a

1" bit f £ach 1 than,or_.equal to the threshold val ue;
I bt {Eﬁ%s bHge g[rh%atCEEeSh?gde ik %;Jéf“ BRI C8R BRannel .

and transnmt the reshol d val ue over

19. A neth i,.sl.ng; rating.froma source video sequence a digita=
UEOTY BL0%e . 3 FSﬁ]gflﬁeggeoLﬁ’@Em\?FH%ts@f@encéna body of

base video signal’; "generating % ( ay

Ui deo enhanianent Taacara | e 6iaaT oI 15T dds ARanCEReRTIdaths (he | ayer

achi evi ng %i%@ﬂ%%ﬁggg &5@%&!%@%@tas'w§§ﬁ. 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 enhanced data 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 repedtedly 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 (16C) are evaluated by counting the
frequencies of the coefficient magnitudes (162). A
statistical analysis, such as the preparation of a histogram

(164), is used to evaluate the distribution of the
__18_



WO 02/ 3f 112 PCT/ 11501/ 3113~8 20. The nethod of claim 19, wherein the body
of digital video enhancenent data includes a plurality of magnitudes, and
wherein g inhg a layer of digital video enhancenent dat j ses:

sel ecti ngwe;?{ﬁ‘ﬁe%hol d value; and formng a |ayer of digit Icar\//&g‘ggM*?

eni zancenent data conprising a "1' bit for each nmagnitude greater thar_~ or

equal to thecthieshold valie, 2lon A} AItiELECOND ISING B,COMPULer - readabl e

medi um whi ch stores conputer-execu e instructions for 0 data

i deo sequanestat Bt oA YALD o SRR P BB RL Sour ce Vi deo
ody of i SETate v Hec BHERNEREnt s B s Payer: of (Higit A9 o enhancenent
of ol ai m 280 RhEF 1 rilh e Baay BF i 1 ol TS0, SRHAReBTAL A | nol udes. a
Enhancement BATS Bhprs G4es 20801 YD At2 PR OB FEFSSSLE sel ecting a
conpr i oi ng 2o B £ or e Skt B (TP RaT T he

t hreshol d val 23wiA

. met hod ' . receiving a digital b id
i gnal combPPaiRG & Letior VArGES T CcetitAg A THYRr S SarGIThl video
h t, data, i Si t _of hits. i t ding t
Val o of UHECAP G Tl CHH icdosh &F G FAE8: 9f ng'® THPBERBI A val ue: 1 or

each 1. bﬁ%tln the | ayer of dlglt | Vi

a, or any  combinatidn thereo ?O A technique illustrated
below involves selection of threshold wvalues to produce a
plurality of layers, each layer containing approximately a
target number of ‘1’ bits.

Figs. 8A and 8B use an exemplary block of coefficient
magnitudes (190) for a small picture to compare generation
of five 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 car be determined that the
largest value in the block is 120 (which is, in this
exanple, the magnitude of the DC coefficient), or the seven-
bit binary number ‘1111000’. Because 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__



enhancenent data, conbining the threshold value with the corresponding

val ue of the digital base video signal. 24. The nethod of claim23 further
conpri si nQi - i,ving a sign bit corresponding to a bit i of
digital cggggggﬁﬁancenent dat a, wherein conbining the thrggkgﬁgbgéﬁﬁe with
t he correspondi ng value of the digital base video signal conprises

combi ni ng gﬂﬁii wWhen . e 5h 0N B (o1iRdi ¢abes NS d.we +a0gk COI i ng by
subtracting¥C enI?%g:sigaggﬁf #%cha&%g negatiiéﬁ 31 ¢ V[)¥12/31112-4
PCT/ US0113(,13-4 S. g LGl ONPIJ-SiENg, Ar GO el eadabl e medi um whi ch
stores cpnpéte?ggiécJ?%b?%akgsf?%ég?%ﬁg_Poi vigep%gaﬁg grocgssingz t he

I nstructl Orﬂﬁcf@z%ﬂéé “&e%tyi%ﬁk”elt%iés‘%c%'l}ﬁ‘ss@ ffju':ﬂ%é als ﬁ%ﬁ? yLdgo. si gnal
conprising a set of values; receive a layer of digital video enhancenent
data conprisipg . of .bits, igh ,cor i e..of the

di gi tal bagégg_fégﬁigﬁﬁéﬁt;bﬁgc%?%%péaﬁflireéﬁ%?%ggéﬂgéﬁgpg?gq%gcﬁ"1' bi t
in the layer of. digital vi.deo_enh t_da anhi n e.threshol d val ue
with the cg%Fasﬁgﬁ ﬁﬁﬁﬁbgﬁug ) c?%gﬁ%¥§? X? %g%égbl éo%g%gn%#F 26. The
article of claim25, the instructions furth usi th hi.ne to:
receive a ?'6ﬂebi?n%ﬁ¥¥kgﬁbﬁdF%%éY%ﬂ%1ﬁgﬁnigﬂ?he'ﬁéggpeo eg?%?fa' vi deo
enhancenent dat wherein conbjning the.threshold val ue wt he

cor r espondi ng vg?Lﬁf%ﬁrﬁéﬁe%ﬁrgb?ag%ﬁgégl%i g%n%?gﬁgﬁhcgﬁ%?igaé)é%hbining by
addi ng when .t he sign bit jindicates sitive and .conbining by s acting
when t he s?ﬁﬁ'b?@’i b§¥%§gﬁé§at%W%Sjﬁ$FSAP§y%?%ﬁﬁ%%%%Fi P%% h(%ncoder

ConflguredZ%g} 204, 206, 208), each layer targeted to include

€

approximately ten ‘1’ bits. The first enhancement layer
(200) was created by the selecticn of a first threshold
value 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 threshoeold
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 layer includes ten ‘1’ Dbits.

The process then repeats to create the third layer

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



- 32 WO 112/31112.1 PCT/US(11/3(13~8 generate froma source video
seauence a digital base video signal; generate fromthe source video
sequence @ PpdyQf digital video enhancenent data; and ge &1/54:94 t he
body oz digital video enhancenent data a | ayer of digital video enhancenent
data, the |l ayer achieving a bandwi dth requirenent. 28. The systemof claim

27, whereingthe encoder; s bycthesogontibguned &, sel %‘:\'Lrts‘?‘ ~fireshol d val ue
based upon the bandwi dt h requi renent’; “and generate a layer digital video

enhancemrents data hased WpaD LhE. 141 &ahal d ¥ahis dreoASYSLEM SOMDr Sing 3

decoder configured to: receive a digital base video S|gna conprising a set
of values: 15geplye Mhiavet ebadigibaleoyi deossphancamen! ) ? PRfEr i sing a
tal bas

set of blts each bit corresponding to a va ue of e di e video

signal ; receiLye.a fhnesheli¢ yalye 138, 1 WO 02/3012 PCT/U80113f13 48 for
each 1 blt In thé’ ayerloF dlglﬁdrj%§ deo enhancenent data, conbine the

h hol d I h I b d
o S S B AR S

signal . 30. The syst rern N generates an
oS 2o TR 02 S 900; 2070, gy 3pe) can ne generates

ALo. A3S_ AEART LR T AGN LR T ACHEE, R ﬁgi’%séﬁﬁékagf7r{|m o

| wr CAY]Cagfﬁaﬁ%éﬂca] kga] + %éﬁ#w;%kga]@;chkugh%%]%gLCAf4ca]ca]ca]ca]ca

]calca]ca]c

D et d 2ol ool kgt alcol el ol cal o ) ) gl el gl oA al ol alca
bits, but by selecticn of threshold values based upon the
distribution ¢of the data, it is freguently possible to
generate several layers that are close to each other in the
number of ‘1’ bits per layer. Morecver, 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_.
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ut @ 10%& g)egkfé?g§%41u1the buffer are initialized to zero (212).
If a layer of enhancement data is present (214), the
threshold value used to generate that layer 1s 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 lcwest threshold value
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noise may simply consist of adding a constant value, such as
a number approximately one~guarter of the lowest threshold
value, to all zeros in the buffer. Another option is to
replace the zero values with random integer values smaller
than the lowest threshold vaiue. Following truncation
adjustment (226), the collection process is then 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.

- 24 -



f,:109%& ()- *10%& ()-1(10%& ()-f&f 10%& ()- $10%& ()-1"10%& ()-))*[***
***APB4 1 10 b b 10 b b 10 b b! Hs610% b

?gc' E) )b | zlts&Mg ](2)- ! $f 2810%b>b& () - OF10%& ()- Y. MOW& (i iiaipisisdEPB4 1

109%& () - fth%&'() sth%&'()-"10%&'()-YLlO%&'()-+, X,,,-;-dEPB4 1 10 b b

1@@0%&' SYNLQY%K' (; 109 ().- s10%&' ()- @ L10%&' ()-ffMLOY%& () -
-v--'.Db. szPBT‘“q éS“iéo()ﬁ g%é%&&l(v'()-@$§/)10%&'()-@'(')slocy&'()-@())

109 09 & /170d 0 b
b'sy2<(&)10‘%h ()%%%égé %r)‘p’rl LA ()-@B\Ff>B4 o

10%& ()'S* r’rﬂ_O%&' J‘ggrm@@l?!@eég Ogﬁ%qqggoyweo enhancement data to

achieve bandwidth requirements for the respective layers.

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

selecting a tnreshold value based upon the bandwidth
requirements; and

generating a layer of video enhancement data based upon

the threshold value.

3. The method of claim 2 further comprising:

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

ftransmitting the threshold value over the digital

communication channel.

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

form layers of digital video enhancement data to

achieve bandwidth requirements for the respective layers.
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6. The article of claim 5, the instructicns 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.

7. A method comprising:
processing layers of digital video enhancement data to
enhance a base video signal, the layers having bandwidth

requirements.

8. The method of claim 7 wherein the layers have

approximately egqual bandwidth requirements.

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

enhances the entire picture.
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requirements.

11. The article of claim 10 wherein the layers have

approximately equal bandwidth requirements.

12. The article of claim 10 wherein the base video signal
conprises a picture, and wherein each processed layer

enhances the entire picture.

13. A method comprising:

receiving a layer of digital video enhancement data
that achieves a bandwidth requirement, and

transmitting the layer over a digital communicatiocon

channel.

14. The method of claim 13, wherein the layer of digital
video enhancement data is a first layer of digital video
enhancement data that achieves a first bandwidth

requirement, the method further comprising:
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15. The method of claim 13 further comprising:
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; and
transmitting the threshold vaiue over the digital

communication channel.

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

receive a layer of digital video enhancement data that
achieves a bandwidth reguirement, and

transmit the layer over a digital communication

channel.

17. The article of claim 16, wherein the layer of digital

video enhancement data is a first layer of digital video
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data that achieves a second bandwidth requirement, wherein
the first bandwidth requirement is not equal to the second
bandwidth requirement, and
transmit the second layer over the digital

communication channel.

18. The article of claim 16, the instructions further
causing a machine to:
recelve a threshold value corresponding to the layer,
wherein the layer comprises a ‘1’ bit for each magritude
greater than or equal to the threshold value; and
transmit the threshold value over the digital

communication channel.

19. 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 a layer of digital video enhancement data, the layer

achieving a bandwidth requirement.
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21. An article comprising a computer-readable medium which
stores computer-executable instructions for video data
processing, the instructions causing a machine to:
generate from a source video sequence a digital base
video signal;
generate from the source video sequence a body of
digital video enrhancement data; and
generate from the body of digital video enhancement

data a layer of digital video enhancement data, the layer

achieving a bandwidth requirement.

22. The article method of claim 21, 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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23. A method comprising:

recelving a digital base video signal comprising a set
of values;

receiving a layer of digital video enhancement data
comprising a set of bits, each bit corresponding to a value
of the digital base video signal;

receiving a threshold value;

for each ‘1’ pit in the layer of digital video
enhancement data, combining the threshold value with the

corresponding value of the digital base video signal.

24, The method of claim 23 further comprising:

receiving a sign bit corresponding to a bit in the
layer of digital video enhancement data,

wherein combining the threshold value with the
corresponding value of the digital base video signal
comprises combining by adding when the sign bit indicates
positive and combining by subtracting when the sign bit

indicates negative.
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10A&'£chlve a digital base video signal comprising a set of

values;

receive a layer of digital video enhancement data
comprising a set of bits, each bit corresponding to a value
of the digital base video signal;

receive a threshold value;

for each ‘1’ bit in the layer of digital video
enhancement data, combine the threshold value with the

corresponding value of the digital base video signal.

26. The article of claim 25, the instructions further
causing the machine to:

receive a sign bit corresponding to a bit in the layer
of digital video enhancement data,

wherein combining the threshold value with the
corresponding value of the digital base video signal
comprises combining by adding when the sign bit indicates
positive and combining by subtracting when the sign bit

indicates negative.

27. A system comprising

an encoder configured to:
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generate from the body of digital video
enhancement data a layer of digital video enhancement

data, the layer achieving a bandwidth requirement.

28. The gsystem of claim 27, wherein the encoder is further
configured to:

select a threshold value based upon the bandwidth
requirement; and

generate a layer of digital video enhancement data

based upon the threshold wvalue.

29. A system comprising
a decoder configured to:
receive a digital base video signal comprising a
set of wvalues;
receilve a layer of digital video enhancement data
comprising a set of bits, each bit corresponding to a
value of the digital base video signal;

receive a threshold value;
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generates an enhanced viewable video signal.
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