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Audl o Information Using Time-Aligned Bl ocks of Encoded 5 Aud:f

Vi deo/ Audi o Applications to Facilitate Audio Switching TECHN CAL FI ELD The
present invention relates generally To~audio signal processing in

e ne R gl 0 e et AR
i nformati on separated by gaps or guard bands so that nornmal vari ati ens&esn

si gnal processing del apdethod hndAppatates fatProbesialiAgidigent of video and audio
dovel opedt i ch el \ab MRS R e conttis ada ot tar I
devel oped which def A&, RK1iRdb3 t?on@ftoﬁ B Rgdlﬁ' gital

information into frames of video | é}l on. r exanpl e, standard.QMoLE
259M publ i shed by the Society of on i cture and Tel evi si on Engi neers
(SMPTE) defines a Serial Digital Interface (SDI) in which up to four
channel s of digital audio inf qmﬂM@mFIEEDenbedded into conmponent and
conposite serial digital video signals. Standard SMPTE 272M provides a full
definition of Thewrrespefiipygntigngelates gmﬂr#bttiw fossignal peocesfifegiited i n ancillary

dat { T t
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i nt er nat tediag nettdd ddacodiag sét}(ﬁﬂ((‘ﬁs&mf bkiokﬁldﬁawﬂlé\ii%rlﬁa%i‘dﬂ sefdtaré@bypubl i shed

by the Audi o Engi eerl ng Society (AES), .defi nes serial trangm ssion of
t wo- chan&ls Afigyardapands,sq that peymed ueriations in signal peegessing delaysowdl safdul at i on

APCM fog ﬁ‘%oefl%'nﬂﬁnf Jl@éosarﬁltﬁfaﬂﬂn?omﬁ%sa”p' es for two channels are
an

N nterleav veye in palrs. comon activity in nearly all

recordlng and broadcasti ng appllcatlons is 30 editing or cutting enbedded
S o/ audi o information strea gﬁ(ﬂ}hﬁ g( he cut information streans to

fo a new single stream SI 8RNenerate an information stream

by merging WSEdrd%lQnﬂeFﬁa@inﬁtstéhﬂa@% mseémeeardebmoﬁau wﬁﬁh%ﬁﬁsﬂzmﬁﬁ nul tiple
streans. The video information is normally the primary synchronizing

r ef er encaspsets of ambedding)digitak audin infesimation éntadramelsiof video grfedmetian Far vi deo
frame. 2exan¥p1e s?andardzsl\b@)f‘E%ﬁfl pl%bhshed by the Society of Motion Picture and
Television Engineers (SMPTE) defines a Serial Digital Interface (SDI) in which up to
20 four channels of digital audio information may be embedded into component and
composite serial digital video signals. Standard SMPTE 272M provides a full
definition of how digital audio information is to be embedded in ancillary data spaces
within frames of the video information.
The serial transmission of digital audio information itself is the subject of
25 various international standards. For example, standard AES3 (ANSI S4.40) published
by the Audio Engineering Society (AES), defines serial transmission of two-channel
digital audio represented in a linear pulse code modulation (PCM) form. According to
this standard, PCM samples for two channels are interleaved and conveyed in pairs.
A common activity in nearly all recording and broadcasting applications is
30 editing or cutting embedded video/audio information streams and splicing the cut
information streams to form a new single stream. Similar activities generate an
information stream by merging multiple information streams or by switching between
multiple streams. The video information is normally the primary synchronizing

reference so that an edit or cut point is normally aligned with a video frame.



St andards such as AES 11 define recommended practices for synchronizing

di gi tal audio equipnent in studio operations. AES 11 is direci éthyt A#rd
controlling timng uncertainties caused by fitter or processing delays and
provi.des for aligning video frame i nférmation with the t wo- sanpl e frames of
AES3 digital audio 5 information streans. Equi prent and nmet hods that adhere
to this standditandasds sunk as ABSH dtdefigeuehommiendal practicek fortsyuehrohizingame nunber
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audio information. As a resu equl pnent fromdifferent 10 acturers
and even videorfraneinfenmation rwifhathe twersampledranzesi o tAES3sdipitaltaudiong and in -
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al i gnmenthdt SyMdhroizdd SeR@)BAIUBE Shind MuABR of GRS B9erl d\@ihetip&idd d¥afhe

representations of audro information such as that defined in the AES3
st andar d and somainsaswlasdhat hage acemaoa tinning: Yafonwdately, ne standdsds oeen t he

' gmon PrastiPR SRy 3K} Wpleh P b Bl nefeeh v Blefadrob o SR 7' om
af fect t h@gérchtkval€of dutlid ihféimatioHNAls 8 Aebull] &fuifirferd Srop gFRAEEd t0 a person,

which is unlikely to be discernable. There Is, however, a, grow ng nunber of
appli cat memytachuers aad eyen frpmythe sane maneiertyrer davomingontindimingandin enbed
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sanpl es uliggaatrofaediolandkideofinformat@d | nf or mati on. These sanpl e bl ocks
typically represent audio, information that spans gn interval of 3 to 12 ns.
Each bl ock of Tiwawsaamm iBratignment i§ eRlsconsIgyeRteds dPRifaanttiabiscesses 25
[ epr esenlifiedrliEnBUEAiRRS ofBidio oS TALA Aluhhi UFneH it e ECPSARARYY
accurate replica of a segnent of the original audio I nformation can be

r edéver eBecast ietit ipaints are dbngrairedinioquedetvestu ke tyd-sansptle fratmes appidio ng
psychoacousti c: based coding to.frequencysubband.representations_.of an audio
iophokgade LS e T e s R R R

appl i cat pedio @foPmiXiat. ¥ willor alfettdRSsetative kinfh§ oP§ouRd And hidiite@s 30
transforns. For ease of discussion, these split-band coding techniques are
descri befrasetted fma pesses vdickispinlikely te be discernghlek t o generate subband
signals. The Ik & i L gnnent ' LR, Shani ficant in
thase bi ockeodnas shiebet A don i TRR oPERtirRR RN et By || PO 10
boaadar i egluofiomencedirpdechniquzs MymBeDgreatdr lhinbérs of hudis eBatinkelsiintopart of t hat

bl ock bei ut, fromthe mai ning signal. The partial |oss of an encoded
bl ock w Vﬁgﬁéuii’ﬁrf{afae%tfeéﬁl- ese qngeding i uF%%‘S\?@F%BP@leGﬁalsa‘f‘B]F a duration

typi cal | yioRks 3f 178 & mOR dadid n{gﬂesl tb behetate bR cls UF Bnddb@ iFortitlod. Pe
di scernable to the human auditory system This problem nmay be avoi ded by
usi ng a Ppbexe-sgmpleclotistypically sprésantauidihinforpaivn thot eppas eaintearvabéf 3 he

encoded i B Bh ag oemoPaeFkFnaton AP Respd by eb POROE PotfiPoa, “and
?ﬁg@;git ![ ié%r@heﬂl@‘th@ﬂﬁﬂfk@ﬂuﬁiﬁ@f Rfciafibh @nDWhRARI rEAsddat) a8ieadiréflicRr ocess to

PCM audio information. This solution is unattractive because of
t he addi of ®prament of thetasiginal audigrinfesmatinn Jan bgueaeayetpdaSplitybandsgdingng from t he

et ter oiOETaRCCar ot PUGHE ARt PrPlRtrbURl ool of AR R e |
post - pr oassband geprésenfatibhd 6dn arlidsigRdl SEhd ﬁ@iﬂﬁ@ad@mﬁd fepPébetdtiogs processes

i ntroduce additional del aés in the audio information stream 15 DI SCLOSURE
OF | NVENTepRe genergted byappleatiogrofiaplurglityef bandpase filters or oge pf ®@rdle for t he

prggessi i dio, | If ' e yts
o0yt Dnfom U GF BRE of LAGRGF it BIRKAR ORI AAMee Ml TREY 7

pr obl ensheréds teris of applyingen fileabiiknopenératersabbadaignatsf present invention, a
met hod 20 recejves an I nput  audi o signal, conveyi ng_audi o informtion,

recei ves vi dedhe pasgitainty & alignment mentiangdapove mesignifieant inthese blpcky sequence

of video.d; : : itQyd i fiom t he
audi o | nfe AERPRCARR Gelfsc dnial ol SRR WK Bul s BFk BdER T oci ng
process to the input audio signal and tine conpresses the bl ocks of encoded
audi o information, and assenbles the tinme-conpressed bl ocks 25 into an
encoded audi o streamconprising a plurality of sequences of the tine
conpressed bl ocks such that a beginning block in a respective seqguence is
separated from an ending block in a precedi ng sequence by a gap that is
time aligned with a
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respective video frame reference. The various features of the present

i nvention and its preferred enbodi nents 30 may be better under stayodOloy
referring to the followi ng discussion and the acconpanyi ng draw ngs in
which like reference nunerals refer 1+d-like elenents in the several
figures. The contents of the follow ng discussion and the drawi ngs are set

2 May 200@ck4vifl 9ésult inpa® o that BROCR Bbiig 2iCfroMabe cbnivdhing Qignall dhs peeidl t 0
represent limtations upon the scope of the present Invention. BRIEF

DESCR! PTlassiotm exadedidock witl §e manifested by, a doss imtheyeenverad signabfarsf one

enbodi ne f elp,f reli. r ' ti. | deo/ audi o
dat o ot r Sorgfon Brfeth 3 off of RO S HAT M Rt 1oL Boulie difiefpable]

hypot het tietlunsaaciuditsfydsyslen. havi ng various alignments with video frane
references. Fig, 3 is a functional block diagram of one enbodinment of a
devibce for 10 Thisqueblsmmpay beiecpidaddfryusingy postrnoreadeg Peogessonvhidy amt i on.
Fig. 41 ' . ] - 3 ' I ng audi o
i gnal_prSALLERERARE PEc gl AT BhuSTEERREY U7 RipiFhe BUEAGRE 10

Fi gs. S5ApideessughhéSéncadel gidigRiditmg therpcessaed RCMreprasentasipoadetjuced, audi o
signal s pé(f)cesse_d accordi ngg{ﬁ% t he present invention and having various

al i gnmenkad genepjting anedpencoAethreprespuation R aPRtyige 28 epcodingprogensdathes chenat i ¢

represen | }s | 34k I O ' wi ndow
Funct oneto e BRI ERRHRR T st RUER- B DRSS STAORRY, O O R g
1 1Dl ust cedteandodegradationimandio gdality sgsltiamffom theateooding/ge-emabdingr r out i ng
Juultiple video/gudio .data streans ang.represents one examle of a system
That canPisestt 1040080 Brimrogeaus Sl be GRS RUSE AT FPBHE 6. For t he
sake of glsaldsioh sef fokrth el R ssrov&iking 3umstdha @ivB Becduse tHedfect@ingpé- 1| | ustrate
signal paths for carrying ster 25 clock signals used to synchronize the
equi pnenencoding proeessasrintdoduce atiditionkl slelays irothetandio infogmatien sttesim. as t hose
generated al ong paths 21, 22, 23 and 24 conformto standards SMPTE 259M and
SMPTE 272M however, no particular standard or signal format is essenti al
toipractice the present i DISCLOSURECOFANMENTIONN an al ternative

enbodi nent of the system separate signals each conveying respective video
i nformati on aHds g@.g?)lj@ct of the present invention to provide for the processing of

embedded video/audio information streams that permits activities like editing and

switching while avoiding the aforementioned problems.
According to the teachings of one aspect of present invention, a method
20 receives an input audio signal conveying audio information, receives video frame
references indicating time references for a sequence of video frames, generates blocks
of encoded audio information from the audio information in a bit-rate reduced form
by applying a block-encoding process to the input audio signal and time compresses
the blocks of encoded audio information, and assembles the time-compressed blocks
25 into an encoded audio stream comprising a plurality of sequences of the time-
compressed blocks such that a beginning block in a respective sequence is separated
from an ending block in a preceding sequence by a gap that is time aligned with a
respective video frame reference.
The various features of the present invention and its preferred embodiments
30 may be better understood by referring to the following discussion and the
accompanying drawings in which like reference numerals refer to like elements in the

several figures. The contents of the following discussion and the drawings are set



30 informati on are generated al ong paths 21 through 24 and router 31
includes circuitry for separately routing video and audi o i nRoMaut 2062 | n
sueh an enbodi nent, an SDI di senbedder is interposed between SDI enbedder
12 and router 31. This alternative -4-May 2002 -5 enbodi ment i s nentioned
here to show that no particular signal format is essential to practice the
present Faryeay éxampléd cifPaidsRuldsc?be 8hddrifdi tolRpFelsit ilivftidohsi8ford fhkor mat i on
frompath 1 and audio information frompath 2 and records this video/audio
i nf or mat Fepedd thepresens insgpieryuent |y, VTR 16 reads the vi deo/ audi o
information recorded on tape and generates along path 21 a pl ayback si gnal
conveying the video information with enbedded audio information. In a
simlar manner, VIR 17 BRIEF BESCRETIONOFUDRAWDNGQS™Ati on recei ved from
paths 3 and 4, respectively, and subsequently generates along path 22 a

pl agback si gn&lisg bmﬁx;’m@mﬁlh@cmdmmn?@mmbcvﬁmmqfaewmu@d 10 audi o

i nformat | . ] e circuitry such as a Seri al
Digital Te(r%tg redrl%{%—éﬁédl%éﬁﬁﬁgﬁ%@gfe&r‘w%/&g%&;%%#ﬁ%‘n%udi o information into the
vi deo i nf or maFigan2 Auhiongh pCayd geishicsiRepresdnedidas of Aypotiigticylefdid deo and audi o

information frompaths 5 and 6, 15 respectively, and generates al ong path
14 a si gfignals baviagivatous alienmentsiwithovides Bamafeleisncds: h enbedded di gital audio
i nformation. ¥ i8a YW i £ i i : i senbedder,
extracts audi g%?r??lggnatl%)ﬁalfﬂggém '@aéiﬁggégﬁg?%%¥g&s%‘ﬁa fOgmd records the
sepér at eproceshig vdeb sigaklowithfembreddédandaninfapmatiobubsequent |y, VIR 18
recovers the yjideq and the diio.information fromtape and uses circuitry
‘Such as an 200ibd 18 afnsiepal owww@gpeﬁ@b@m«?ﬂ% 0 GBI gnal
conveyin i { L9 | i f.a digital data
recorder glgéh?tﬂ%%e?%ua?%d?g? 8%”%&%&%%0%\/\6;\}%% lrég?1‘t'er%t?thﬁleern Juiérrlfbedder nor

di senbedder cFigsufAtkrough fE€qué graghical representationsief hypotistisa aud® vi deo/ audi o
dat a streiamitself gan bg, r?ﬁ{?&f‘d atnd %)Ir“a ed Elack. SDI enbedder 12

recei ves 8T8 Broggred 4eqoiding £3 FieressR: 1Pty Oéélflﬂ aving YaHes 2gnmEtiSect i vel vy,
andsgenewahesdeal fodige fférdned. @ signal conveying digital video information

wi th enbedded_di %i.t al audio information. SDI router 31 receives video/audio
si gnal s from P& Rds 2 graphiral schematic representatien efaverlapping audies or swi t ches

these sigpal s, 3 g]ﬁ cord device 41. The nunber of
signal s ér;lecel \t/@h%@c%k%%{e%@éc{%f %é}s)ﬁﬁégé(;ngi gnificant. 30 Pl ayback/record
device 41 represents an arbitrary device that uses the signal passed al ong
path 34. For exanp i recaordin eyice such as VIR or a

pl ayback device subﬁoyﬁsaﬁﬁg“r ém%w@é%dm&ﬁﬁi@wgm& ayback/record 41
maygbe located 2 May 2002 - ypiiledria $Yskdin ' €spect to SDI enbedder 31, in

whi ch case path 34 represents a communicdtion or broadcast channel. Shifts
i n Vi deo/ Audi BigAl illystrates o eobadimees| of psystam\forreterdingzandifer eontingn  SDI

enbedder__14. and. (12 ter th relative aliagnmept of vi.deo infornmation
o s BOMiREPNE RS dhla Seplnd B rebfisBies Bic AXAnHE TR sf¥bent P B

i nf or mat idvaniagedusiy &raploy abees of2fle pleint ExentdbiE FofEhé shke 6fGlaritg0thd t h respect
to the alignnment between video jnforpmation and audi o i nformation as

r ecei vedigyrggs pellias all ofher figuresslonos illuskaty signakpathifon carsring mastehange i n

al hgnme | ' f [ I n vary
arohg o iotPiEf BN R BHIE o chBkhl 10 BRI HACUNERLBn 8" 100 .
eve {1 via_rgigml:ls fuch aatth]dseegenﬁhedalm@fpadmim nm]}zfiamga;ﬁdon_fdrina? sthg_dix’de oA s I
initiali e ,, for exanple. Referring to Fig. , signa
111 repr@@z%@m 3%@@?&@%@0 agicular standard AT sigARIRIMA s h vi deo
frame r : f i : : ces
il T e s B T et S UM TG 2
conmon r € systempsep sign b ingrespectve wdeo informetianahé audioi nci des
Wi t he ¥i de(a information for |jin 0 in.eac framj; . A commpn .ref erence
poidle ' 1 Gntisiuation aeearasd bR etk T droneh i tREES L inohes RO, o
parti cul @ séal inSvidbd L id fhf Bh gt fs) i nvention.
Dol 11 8% sl ABIIAE RS KRGS RS ARIBA AL SR o LnbRAmLE AR o Vet
conveyeddibymisedgenis iftedpdsed betweeteSBY enibeddeh 12 espunert3d. Thignitematite As a
result, the alignnment between signal 121 and the video flanme references is
shifted with respect to the alignnment for signal 111. In Fig. 2C signal
131 represents the sane audio information as that conveyed by signal 111
but is advanced with respect to signal 111; hence, the




25 alignnment between signal 131 and the video frame references is shifted
in a manner opposite to the shift in alignnent of signal 121MaRef8FPPing to
Fig. 1, suppose the audio information and alignment represented in Fig. 2A
is conveyed by paths 1/2, 3/4, 5/6 and-7/8. Different shifts in alignnent

such as those illustrated in Figs. 2A through 2C will likely exist in the
si gnal s 23thbgdmesm isniemioned hpettosh@w thdimoygtticAlr signplfosaatfis eésbatialtdat t he
alignments illystrated, in Figs. 2A through 2C exist in the signals

gener at edragiigh ed’é_?%?é‘t@‘ife’ﬂtffﬂ”oygh 23, respectively. Wwen SDI router 31
swi tches bet we»qae(ftage%c%rde%qtv'gmﬁfré&meg bRfRe iﬁ@fﬁ&i&?ﬁ&ﬁggﬁ} P Ei?ihla

di scontinuity wll occur in e audi o I nformation enbedd 2 Hay
2002 si gudib ipfasmetiorafromgpapta? hin@recotds thiseideodiudiol infovmiation omtdps. r epr esent ed

in linear forms P this discontinuity probably canpot be

per el veduiPRemarth 1S et fhopatshuidis fbneciontedidreen eS8y for a few
sanpl es. Eﬁer!{{éb‘5ﬁn§%aﬁ%e§b1§#rﬁa)ék%§nﬁl ,Eyirng tiH VGES ThidtnBkih W nui ty

bet ween gvvo si gnal S "havi ng fferent audio Content. Effects of Encodi ng As
expl ai nedmhbdded, audmvafemativhdne similar mamer,"gTRAeeewts videe atrbalidio eat er

R R

capaci t y aRingtpath ZPapRyBack digal EorfveyingUré Gided rFofmdtionRvitts@fiFedded m of

bandw dth or bit-rate 10 conpression is enployed. One exanple of such
corfr esspedioiisformation. codi ng based on psychoacoustic principles. These
encodi ng techgrj f Ie 0.: f I es to
generate bl oc&@?é’eﬁgdgfhﬁmgfgﬁgt@%%&e C’f%kejgﬁk%gnﬁf glég*loclé%ﬁ?ﬂypi cally

r epr esenintatfdieq SDT} anb@ided forteitied$ipgasdiadrinfonnetiottintdthe Jided iddriBtiorEach

bl ock of encoded 15 information generated by these encodi ng processes
represenflgmﬁ&ﬁlaglh"é’ikl est unit of information fromwhich a reasonably
accurate repli - Qf -k he ari qi LOo] i can be
recovered. A g?gfgﬁ)ggd%ﬁqﬁg%%%dv@%%@r%ﬂogﬂk rﬁ%@k@ﬁ‘g%@@é l“étgc{:%sent ed as a
trdn of rggpécdely, and-generatds albhe pathfldrangigriab noreningydigitdd yideb dsforthatimks i s an

encoded 20, regresentation of, the audig. infor i.on in signal 111. The shape
and si ze"df %‘ﬁ?&ﬁaﬁfré@&a‘i %‘dffb‘c“}%rmj’ﬂf’fli \23*%?18 "IVHE: mrigge_stqlrg fry WoR A% &nded only
to suggespr @is%ﬁl%k!@dh@,eeﬂnfac@aﬂ@i&ﬁnfdﬂﬂnﬁti&?ﬂ&ﬁﬁthé RiRReRHdiofaft digital @Rd

correspondi ng to blocks of audio sanples that nay abut one another or,
pr ef er abregordsithe separaserbvideantbaudio infermentionoxiape. ShbsequenlyrVgR P& t he audi o

0 00 R BRI L R R R A B e SRS L R T e
conei der 8DI efitbeddur to EPricoe Abngpatinmh playbadk sigtdl corbedingdhd vidve aeb/ audi o

appl i cations 4@3 di.sclgsed .in A.99/21187. Wen bl ock encodi ng t echni ques
are usedemhed a§9’§t1§fﬁrﬁlﬁtlw-d¥? f,‘g“iah_@atg _F‘t‘;ﬁ?&ieé 1§ WQPt“SBid oY By 1 31 receives
from Pat fsvevler! AYiUOLRBAISPRGAiRrblig (LR RibAliredtn BRABEREe N I OCKS. As
di scussed above, varying shifts 1n alignment” may occur between the encoded
i nf or mat bemaukd the Widearmtdichdaty staeam itsedfcanrbefrecardedband pliyesl biagk.i | | ust rat ed by

the different ali t s ,bet yi deq f f 104, f e,
an bl ocks. 11501 F9BeEs 1245Vt PR pad BT ReBbERE et Lebla s ey
Mayps 2002resgect§UB'P Qﬁd?%e@%at_@si Senspas zataps@all béieyinaQligitdl 9THEB fdratiosSt r at ed

in Figs. 2A through 2C exist in the sighals generated al ong paths 21
t hr ough with embedded diggalaudignsforgptionout er 31 switches at video frane

reference 101 om.t si gnal .r,ecei y.ed. vi ath 22,41 tr din Fig. 2B,
Lo the 'si gnai SPASRIGLR BledNBL Y HES AR iatel APk b op 2 BB phdifand [ 1 71 o
anount Ofel@itiely fofeslofBivitetiesahest @%n&hﬁﬁaldﬂg R 34 t-playakkeotedones ed from
the signal routed along path 23. The audio _infornation conveyed in bl ock

1ﬁ3 pr i of .t Bhenvanteriof signgls reveived idiDIyeutes 3 bisd gigbificatse, on the onehhand,
ot 88r hahfyPikiréedrn dSREET el At R mathl IR Pithed 00 T 1E

Si mi | ar | ylong pathad4d Fer exiintplérdt canrbecnreeendaty devickGubh ac VTR agfliyback he switch
poi nt cannot be recovered because the portion of block 133 prior to the

swi t ch péeviee sushigs gdelavisionsets Fgrthenmoe.playbeek/tacpefl &l may badocatede of system
illustrated in Fig. 1. For exanple, the problemal so occurs with tape edits
or audi o dubbing for a single VIR As will be explained nore fully bel ow,
the present invention overcones this 15 problem by form ng guard bands or
gaps in the encoded audio stream so that considerable variation in

vi deo/ audi o alignnent can be tolerated wi thout |oss of audio




i nformation. Encoding Signal Processor Fig. 3 illustrates a video/audio
signal processor that can be |ncorporat ed in a 20 variety of waytd RA®Z%
system such as that illustrated in Fi 1. In the enbodi nent shown, a
plurality of signals conveying video-i®formation with enbedded audi o
information are received frominput signal paths 61-1, 61-2 and 61-3. Three
i nput si gembtehawith respectsto S émbetlther X1, guwhich lcaseepath 34 eefivestntyent s of t he
present invention nay have S|gnal pat hs for essentially any nunber of input

si gnal s. cemnication,qribroadsast sBagsl.  epr esent s a wi de range of si gnal

di stribution processes i ncb}.m\tsqg ﬁ%é}/ﬁrﬂdﬂ?Ah mehf9. editing, splicing and
storage/retrieval. For sinplicity, atl on and di scussion herein
assune si gnal Ciratitrddbastsan VAR L &cld) \lr&anchmrﬂmfahb&djdeollundidabhmydtﬂter tiegnal s
and processes and/ or dIfSII‘I byt es thOSﬁ |lg S in some rranneg to generate
al org pat'fleB¥e agnment of ¥idgn iorratipayanA gudivde rmﬁm} rﬁﬁmsuw f enbedded
audi o 30 ahgﬁﬁaemmabo/mﬁ&fnma%n%pla%a%k\@ al € i depd paif or mati on
from path extracts the enbedded audio i nformgtion a pa ses it al ong
path 65. sfrif@d\mdemsmcltmﬁatallgmnmwebeeqna&wdnﬁirmngomandwalﬁﬁo Audi o si gnal

6 ti PN g
Dl ock: endaPRTGH i ERa bk SmaalRl B 2 SesphgtNsBo T he dA1ohRb o AR chiieedn gener at o
al ong patalighhieit VRE%S abng 8GEIPRENt M@Hﬁﬂérbﬁﬁnarﬂfédﬁﬁfefﬁﬁarﬁ&r?%ﬁﬁn ges the

bl ocks of encoded information frompath 67 and generates ong path 70 an
outifut sidifferentiegesiof eagjpaent fromithe samst mamfetneaandfcan kperk vargiwithic aded

<Eauence SeA Pt arRisenB KO reROE Se AE AT RoR SO S B2 Tofor ence

signal swgiémple. a master clock signal, the gap or guard band is tine aligned
with the videqg informatjion. As nenti oned above, . the fjigures do not

illustrate sigderripgtndis &h élsrlﬁ‘lylnlﬂgeﬁfﬁ%a‘@%@@fﬂa&ﬁal@v‘%@d to
synchr O“P?*%lghP ﬁgﬁh&gﬁg& h v1h9? ?ra@{é Fefn‘é RITRdi1 “Eacl?éﬂh?sﬁ%h

processo sa at are |gned W nraster 10
cl ddk si @taaie reﬁélnem:eaindgmh&sratp%cularlraferme @dint m fragpecm(e\nﬁtmoefrdlmlmarl es

bet ween - adj a ent sa ks COI cide with video fra refe ences 101

ond 105 CHHERLELE gl SR Reo Ry Gal dor e, chCLsS B the

Sequencevaeotihi%%ﬁtléﬁLﬁn%nSQO\{@M&hefﬂﬁﬂéj (cdinBh F&feteAbe p&m RSTEAT OHleé' gna'

segnent 111-2, which is a é pothetical tine-conpressed 15 representation of
1

the por t infarmdtion epirdides mitibbnerk émeach desone Nerpartioasradigomentlis tritisal t002.
Simlarl of bloecks 112-1 conveys encoded information
repr esen¥ n%g&}%og‘%he%rﬁﬁ%ﬁtmvﬂ % and sequence of bl ocks 112-3 conveys

enoded i nf or IRFiQB; eighslSI irepr@sditOiha lsarfie gidio infdimation Allitconi gl
processoLgGG an forr;ratter 68, generate se uences of bel cks conveyi ng an

encoded hlbytandelayedqwith (rapest sosigns drlllraf*ﬁ ey |a!‘,15nmf~"éfr exanpl e, a
guard baﬂ&v&é%n %%Baf‘?ﬁ S%He @@%m&%%éﬂeé RhERAI vith I;Hhﬁégéf té fheS€Quence

112-1 and the gl nni ng bl ock 1n sequence 112-2. The ts 1n alignment
illust raalégtnncntlfogs;gnaﬂAlil Hmdﬁxgrﬁ(Z @mblﬁl mprqsentslﬁtersatrecaudw iffgrmatiém t hr ough

SC. Inth fi f t 1, 1 2, 122-3,
Ta- 1 1950t GoeyabnSEaE ) tuhisGutRe Pultiatranty ugrl L henge 36 o gna
seggent s ligimdnt béRdces sighdl 1§31 ati|d3t1ae Yided Fande @Meﬂc%@l@shlﬂ&ﬁﬂ%hﬂ%y As may

be seen fromFigs. 5B and SC, | oss in audio information occurs as a
resul t oPppdsitete thershift irgai@menbeﬁm 13btential switch points at video

or ocessor 1 11 ReTvaRee ik & oBislhe MO oAy e itBhmet (R RAREY | i,

for examy Eig. 24 lpc@mysd by gaﬂs $/2904, S/6Candl H8 i rent bigittd 6l alfyirinderer  PCM audi o
i nformati on. An enbodi nent omttlng Si naI distributor 62 can be

i ncor por Hclicasithess Husjmtedin Figy. 28rheanghi2C wilblikaly exstiadhatignals hat al so omits
A1 T | fer i G 3 FIRRBER 27 CSuBBe riXER1RY 1o Mot iR 1 £SO

Figs. 2A through 2C exist in the signals generated along paths 21 through 23,
respectively, When SDI router 31 switches between signals received from these three

paths, a small discontinuity will occur in the audio information embedded in the



Fig. 4 illustrates one enbodi nent of an encodi ng audi o sigpal grg@gisor
that is suitable for incorporation into the enmbodi nent ill sH AL n Fig.
3 and al so has separate utility as will be explained bel ow According to

thi s enbodi ment, audi o signal processdr 66 conprises a plurality of
filterbanks 71, 72 and 73. Filterbank 71 5 generates a plurality of

f r equencsignabjessetl "ongpith 34| Hithe matid infarmationhis repgdsemdd i a hincaeSpamse to the
signal receiv frompath 65:1, Filt{erbank 72 generates a pjJurality of
freque nc;?“%l%"ggm £, H‘éf’%““eﬂ“&ﬁ @r?pguyscapgot@qpﬁr%@q by humap lr‘%%"rﬁ‘i nse to the
signal r ' : ; = il der, 7 : : ' of
frequenc?ggéjl%gg}%d l%ﬁg‘]&@ g?’é‘%ﬁ’gé‘t ?S?@a %stﬁy%gfgﬁé%ﬁgmfﬁnp inlgfsl%iéfnttgg to the
si gnal r eliseesneaddibcoominpay beti@eh bwa sighals heving differerit, audid anten?3 may be

i npl enented in a nunber of ways &ncl ugdi ng bank of bandpass filters, a
cascadi ng set of bandsplitting FifegtepkEncatingne or nore

ti medomai n-t o-4¢ THOQER vdvb A MO I B aroWHintdhék fo bhbdegRaRks are shown
and only three sﬁ%gﬁﬂﬁyasi gg’ms ar é sﬁOV\s/n %rgr 1e%lclzlh ?i I terhan%, Qtﬁomever, an
enbodi memumbrass dfraotiocdbansely inte a eided/andiohdatiksreatnaWheache ggmeitmofthewent y- f our

or nore subband 15 signals, eagh representing frequency supbands having
banci dt FLOBBRHRSE SPesareattnupiber BLBIR SFRoR cxpoef R paEAIALDS of 1 e
human augpi@ravaabié BPaubRCARR MatiSn, 3BRIfSN 8f PARIGKdRN: ilihag Process to the
subband signals and generate along path 67 a sequence of bl ocks

r epiOes entcomgrassions emplosied Onsrexample efisdickh comprsesion isawdioeensingsdensed anpat hs
Hb5-1, 65-2 65-.3. .20 lit-band coding is not essential to practice the
present Pﬁ%@ﬁ??%ﬁ?cEPﬁ%Pégorns of coding such as bl ock-conpanded PCM or

del t a- nodul at iThiesd@icobidgisettliques a St applied Rl bledks @t aidiblsamples e codi ng
audi o signal processqr receives eight channels of audio information in

li near Perngraieblenks ofpreadad informations Shese spmpledrecksdypieallystepepsentuses ei ght
filterbanks: . | i [ rocess to
gener at o s er AR TR0 Gipnt BF b BB AN AR BRIE oPEndonel 07 CE
cordey ed informatimageaemtedinynitiesedncoding Ipasagedes rémesehtzdhe smgllest wdt 60 convey two
channels,otj audio . infqormation in linear PCMformor, alfernatjvely, one
AES3 dat iTGHRREH e SPicHp FAGOMOBEAS R FRFRIONS @icET o Bo pREal of n of

pul ses ugggiolimfobiistidd SHaRSrebtRefk&Pr esent bl ocks of information 30 suggest
that adjacent blocks abut but do not overlap one another. Although no
particul ar ar Aeseguergstofehcededdfforingtion blorksal 12t is repiesepted @ ndainodf t he present

i nvention ref.err nbodi ments proce t hat _aqv p one anot her.
Gener al | V,ﬂsg wﬁp%g'dﬁbq '8@‘1(@*1 prt 3@%"‘3&?&3{ QG%F@S‘%J@PB eﬁg(gdé’at ed or nodul at ed
by 28 W neépresentatihvf 4RGadiolibfdriatibh ansighal ihat Thdshape mdEizOVEMb paRed sanpl es

in adj acent blocks is substantially equal to a constant. Fi 81@6 illustrates
a sequenisanadsignificapt Thepylssirainyisinisadedionty tosuggest asgausnce obblecksthat adj acent

bl ock 14 I cSe | . : t v, pe that
nas t ho  SPTeY capo R RRahOE cFAUGRARE I AoLENIFARAN, Gitoli B ERYEES
i nf or mat oo@anathérve, prefaeatidpnmieniap Bnelamghdyl brthe ed€nple shdwen seBigeRActhever | aps
t he precedi.n | ock and a subsequent bl ock .not shown.in the figure. The
amount - o R0 PP RERG B LTGROV O TR TS g 11 can
ef X8Ct s QLhrERMel ByRSE HIBLEPHCCBYd iR rRAlibA. CVlrius WbAi@paidNIGd On or anount
of overlap is crifical to the 10 present invention. InJgreferred

i

enmbodi neimprovitgghe quality obaudio soiling in videglaudiotappliensionsisfdisdiesedlimck | engt h
and the ge,@%gy jzlfzg,}l on is derived fromthe Kaiser-Bessel function. As

expl ai ne ( 8, audi o signal processor 86 generates audio information that
is aligned W tWhet K166k éhcddg tBEMRIAIRS @F used iETHRAGLERUIFig NatheaggiRIAt €
sequences 15 of bl ocks of audio information, the alignnment may be such that

a vi deo that §PIrevter Threseives frommathsei thrgugh 24voatein audigindermationnt i n any

peaPnni ngh ol BHFEET as BhaaapU Entti ins B alBmel wh28edh 00, %1 n some
appl i cat betveen ticerrydéd infistiiation bloeks Bed derideofame rafdredides Thik tieo 20 frane

to video frame. For exanple, in aggl i cations that conbine digital audio
i nf or mat ilbwstrajed by Nreditterens eligpmentahetwean visee fens referencgddls foames may have

varying example, and blocks 112, 122 and 132 shown in Figs. 2A, 2B and 2C, respectively.



nunbers of audi o sanpl es because the audio sanpling rate is nat .an izg)ﬁ? ger
multiple of the video franme rate. Various considerations for I ?j‘t
wi ndow function, and video/audio 25 alignnment are discussed in WO A
99/21187, referred to above. 2 May~3002 - 12 CLAIMS 1. A method for
proce55| ng audi o i nformation conprising: receiving an input audi o signal
conveyi nGuppose, audisaussedf abongtthaihe alineientsritjustiatezioinfHigere Arthf aigh2€e s

i ndi [ ref erences fo nce of video fr rating

i ndicating,tij g

bl ocke. ofHishitie BIETRENG Aiet AIoRE PBes BT Gproush 2% JemRe Yot OVheR SBY (1 o

bi t - at e Ladus Ll HeTulViddPRANE Redndd Rﬁkﬁ&fi‘%ﬂéjé@&l Pé%ﬁ%’a%né Patﬁ@‘zd | nput
audi o signal and tine conpressing sald bl ocks of “enco audf o i nformati on,
and 10 aslilmmtatedng Fa@ 288, to the-signalmeesi vastivib pathi23, illvstratad ueErgaﬁ@daaudl 0 stream

f d K h
Chab o L epdighahpghisos up FHETPEER L hREE oSBT b8 SHErERIdTaR om an
end| ng bhRCKoahdd réuted %ﬁgb&‘tﬂ BEYRER o Q\YOI%Q@B chhddyel $n blotR 188 'pﬁ&e{é) with a
respective VI deo frame reference. 15 2. A method according to claim1

wher ei n 4l mlmhqmmte:aummh@geqnvwdbsc@mmehe ond handy theenting pelaisi on i nt o a
formthat contains S anc / or S _per tual. irrel evance.

52" A ot HSHEACR SR T sUEP FtRRBSandRLi o toe PR Rtk ptBtion f b e
conpri seplockRbey tHaGwaich Point & ﬁa@ﬁlﬁg ofimfan§pas sudib |1ﬁf6f1ﬁat%n &ﬂﬂe Pdd ior e
transforns to said i nput audio signal to generate a plural Iti/ of f requency

sudBand blaskd3aafisr thenwitsh petat eernapls regeisires! Becgwss the aﬁalog@f kildd said
bl ocks o&rlgp{:ootggg g Bgn{ ﬂfn%smr?é.' on by adaptively aI locating 25 bits to

said frequenc representations according to psychoacoustic
principles. 4.This preblaris anocmldmm@ thotypa vl syseenvillustraieddn Fig Hr Boigh 3 wherein
said vi d%}?ar}cl;gl% mie problem also occurs with tape edits or audio dubbing for a single VTR.
As will be explained more fully below, the present invention overcomes this
15 problem by forming guard bands or gaps in the encoded audio stream so that
considerable variation in video/audio alignment can be tolerated without loss of audio
information.
Encoding Signal Processor
Fig. 3 illustrates a video/audio signal processor that can be incorporated in a
20 variety of ways into a system such as that illustrated in Fig. 1. In the embodiment
shown, a plurality of signals conveying video information with embedded audio
information are received from input signal paths 61-1, 61-2 and 61-3. Three input
signal paths are shown in the figure; however, embodiments of the present invention
may have signal paths for essentially any number of input signals. Signal distributor
25 62 represents a wide range of signal distribution processes including switching,
merging, editing, splicing and storage/retrieval. For simplicity, the illustration and
discussion herein assume signal distributor 62 receives a plurality of video/audio
signals and processes and/or distributes those signals in some manner to generate
along path 63 a single signal conveying video information with embedded audio
30 information. Deformatter 64 receives the video/audio information from path 63,
extracts the embedded audio information and passes it along path 65. The video
information may be passed along path 69. Audio signal processor 66 receives audio

information from path 65 and applies a block-encoding process to the audio



conpr.ise video information arranged in a plurality of video Iines and each
of said gaps have a duration greater than that of three video?lYaBs2089 5.
A ret hod according to any one of clains 1 through 3 wherein each of said
video frames has a duration equal to-@-flane interval and the duration of
said gaps is wthin a range from about one percent of said frame interval

t o about infovertivnpe pemrite aforgdiath 67 blaeks dftedtyddd. inforBatiéy Fafiadter 58 6. A
met hod according to a\% one of claims 1 throu%h 5 that applies said bl ock
encodi ngreseivesthe blocks wt encasled mfornasiondrom pathi &l and geperates alorgatni0 7. An

R B R
vi deo fradtk gapd er aneé baidiGeptdenritheginiing bk BngRSequdhc@aneat/é@iiesy of vi deo

frapnes, neans for generating bl ocks of encoded audio information from said
audf o 10blogk yr arkeceing seqrenea. Usingea sefurencesignagl fachys amasier glgck signal,

bl ock- en ' . sald 1 | ' .and tinme conpressing said
bl ocks o@%g%@%égﬁﬁgﬁﬁ%kﬁ#ﬁg?ﬁ%‘ﬁa%h @n%%@?ﬁ%@%tr&gssenbl i ng said

ti me- conpr esséd nidntioked abuve, the fignomdedoaillliswats sigaalrpatiantor catyigg a plurality
of sequences of said tinme-conpressed bl ocks such that a 15 begi nni ng bl ock
in a resPade; deckugualnbied to syatuonirehercAviRment: dhapriersrdrmbdingntyr ecedi ng

sequencey o SigHADrb&Rkor 6% f*olhﬂ?al?déd;) ol e WdcRs thaf %%ﬁg%é;d’n\@istg ;ﬂ*gﬁg?gt&ane

reference. 8. “An "apparatus accor o clarm 7 whe ock-encodi ng
pr deess dndosigsal2This alignmenmtiioillusfratedat Fign2 Anlerabdundani¢stetweant ai ns | ess

redundancy and/ or .l ess per.cengtual irrelevance. 9. An a atus according to
oraim o SesFEr sroinlp BTEIEERAEHE Sy At trus Btmsse 0 R B8 Rl oy

appl yi ngotfibt iphnnfahky Bé u@ndpass filters or one or nore transforms to
said input audio signal to generate a plurality of frequency subband

repr esent at i oRefepingsteiFigi Mhsequenge of Blogkal 12-2genveys enGOﬂed information

representing signal segment 111-2, which is a hypothetical time-compressed

15 representation of the portion of signal 111 between video frame references 101 and
102. Similarly, sequence of blocks 112-1 conveys encoded information representing
signal segment 111-1 and sequence of blocks 112-3 conveys encoded information
representing signal segment 111-3. Audio signal processor 66 and formatter 68
generate sequences of blocks conveying an encoded representation of the audio

20 information in which, for example, a guard band or gap has been formed between the
ending block in sequence 112-1 and the beginning block in sequence 112-2.

The shifts in alignment illustrated in Figs. 2A through 2C are also illustrated in

Figs. 5A through 5C. In these figures, encoded information in sequences 122-1,
122-2, 122-3, 132-1, 132-2 and 132-3 convey encoded information representing

25 signal segments 121-1, 121-2, 121-3, 131-1, 131-2 and 131-3, respectively. As may
be seen from Figs. 5B and 5C, no loss in audio information occurs as a result of shifts
in alignment because potential switch points at video frame references 101 and 102
occur within a guard band.

The signal processor illustrated in Fig. 3 can be incorporated into an SDI

30 router, for example, to process video signals containing embedded AES3 or PCM
audio information. An embodiment omitting signal distributor 62 can be incorporated
into a VIR or SDI embedder. Another embodiment that also omits deformatter 64 can

be incorporated into a VIR or into the input circuits of an SDI embedder.



means for generating said blocks of encoded audio information by adaptively
allocating bits to said frequency subband representations acc%ré?h 8
psychoacoustic 30 principles. 2 I\/ay 2002 -14 10. An apparatus accordl ng
to any one of clainms 7 through 9 wherl@i-n said video franes conprise video
information arranged in a plurality of video lines and each of said gaps
have a dur at i big. ¢rihastratestonaentbbdiment of i1 ewodingeadiol sigrml pfoctssor that Bppar at us
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) - ! 1 109&; bieiSehd it %bc@%@o@& sibbanbQy is(a)n'd]%@@&te@lo path 67 a

dE%&lOO/Z& ()-%40%& () - &L0%Z& () - 9f 10%Z&’ () zm%z&’%-uo%z& ()- <KdJE&
109Z&' () sequaBead blocksreprespaigng in-ap enoodest foym thel@utirginfyrmagiongogeivred) - E$/ 01dE: /

100z’ ()T IBURETY STRMAD T Yoo (& ()1 9a00% & {)- | ook
& 90-!%0%& (¥ lal&mo(hhg%/ ﬂ&‘@enﬁhl-to practice the present invention. Other
10ZK}[ 9. /! 49! q. - #109%&' (- - #109&! $#10938' () - ! CP#109%& () - L. #1096 (
) - 1 09#1 olwmaof yoding Supblay%@kcqmn@n /ﬁé}sz 91 dedfasrro ltu;latﬁpnﬂw
: In one practical embodiment, an encoding audio signal processor receives
eight channels of audio information in linear PCM form or, alternatively, four AES3
data streams, and uses eight filterbanks and an encoder that applies a block encoding
25 process to generate blocks of encoded information with guard bands that can be
conveyed in a space or bandwidth no larger than that required to convey two channels
of audio information in linear PCM form or, alternatively, one AES3 data stream.
Overlapping Blocks and Window Functions
The train of pulses used in the figures to represent blocks of information
30 suggest that adjacent blocks abut but do not overlap one another. Although no
particular arrangement of blocks is critical to the practice of the present invention,
preferred embodiments process blocks that overlap one another. Generally,

overlapped blocks of audio information are weighted or modulated by a window
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©&10%T&! () -1 #10% 1 & ()- 9'110%m& ()- “fy 10%m& ()-]/~dEuV7! 414'ay 2002
10%& () - 98" 10%m&: () - 9f #: 10%& ()- ! &10%m&: () -

10%r&’ () - 910%T&’ () - ~#UOdEUV7! 4L, 53109%W: ()- 9310%&’ () - L110%T& () - L90
10%& ()- L. 10%m& ()-- 10%r& ()-0 bCl 4Ls& 10% & ()- 10% & () - #f 100 & () -
10m 10m Tt o8 16 Yimat: tife) sum_6f deHagpdd sainplds in adigbeit HlrRe BOMuBStaptally

"10% & () -9 10%&@(5% “f10% & ()-g 10% & ()-y, 10% & () -

1z 11 =] egedl 0 2COARMtS ()- LL10% & ()-& 10% & ()-Lz10% & ()-

9S10% & ()- &19@ ?‘)Ml%s%g]“a/heg %s’g&?%qggf%l%bl% B3NS k&1 in the sequence

10% & () - $10%
Z10% & ( pvaddBUdRicént-thekSIHEr AtliBbRsAh 861594hedicé hregprbeedtdd by an 9.

1088 (- MatlOn g (LN € (09100 & O 855, e Lo 0%
10\ &f 810%4f8rrhatidn 1(1)tif€ fithe dbhRir BAIAGHIONE 148 if )the deq ekl Bedld

s the
T&I0YEGE () -! @A0%& () -L! +@A0%& () - L#1096& ()---f. O J OKOLOPIVDXOZl AP1! $2109%&
y- 10 poecedmg block and a subsequent block not shown i m the figure. The amount of

(
10,10 1100608 R AEEE L Gl AR U 00k <P &
109%6& () pddfadanics by ﬂ@ﬁ@ﬁcﬁlh whflow fﬁﬁ&?&ﬁ@rﬁﬂdu@oﬁd&?ﬁﬁ@s érltical to the
10 present invention. In preferred embodiments, the amount of overlap is equal to one-
i half the block length and the window function is derived from the Kaiser-Bessel
function.
As explained above, audio signal processor 86 generates audio information
that is aligned with video frame references. In embodiments that generate sequences
15 of blocks of audio information, the alignment may be such that a video frame
reference is coincident with essentially any point in any block of the sequence. In the
example shown in Fig. 6, the start of beginning block 141 is coincident with video
frame reference 100.
In some applications, the exact point of coincidence may vary from video
20 frame to video frame. For example, in applications that combine digital audio
information with NTSC video information, successive video frames may have varying
numbers of audio samples because the audio sampling rate is not an integer multiple
of the video frame rate.
Various considerations for block length, window function, and video/audio

25 alignment are discussed in WO-A 99/21187, referred to above.
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10 assembllng said time-compressed blocks into an encoded audio stream

- comprising a plurality of sequences of said time-compressed blocks such that a

beginning block in a respective sequence is separated from an ending block in a
preceding sequence by a gap that is time aligned with a respective video frame
reference.
15
2. A method according to claim 1 wherein said block-encoding process encodes said
audio information into a form that contains less redundancy and/or less perceptual

irrelevance.

20 3. A method according to claim 2 wherein said block-encoding process comprises:
applying either a bank of bandpass filters or one or more transforms to said
input audio signal to generate a plurality of frequency subband representations of said
input audio signal, and
generating said blocks of encoded audio information by adaptively allocating

25 bits to said frequency subband representations according to psychoacoustic principles.

4. A method according to any one of claims 1 through 3 wherein said video frames
comprise video information arranged in a plurality of video lines and each of said gaps have a
duration greater than that of three video lines.
30
5. A method according to any one of claims 1 through 3 wherein each of said video
frames has a duration equal to a frame interval and the duration of said gaps is within a range

from about one percent of said frame interval to about twenty percent of said frame interval.
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means for generating blocks of encoded audio information from said audio
10 information in a bit-rate reduced form by applying a block-encoding process to said

: input audio signal and time compressing said blocks of encoded audio information,

and
means for assembling said time-compressed blocks into an encoded audio
stream comprising a plurality of sequences of said time-compressed blocks such that a
15 beginning block in a respective sequence is separated from an ending block in a
preceding sequence by a gap that is time aligned with a respective video frame

reference.

8. An apparatus according to claim 7 wherein said block-encoding process encodes
20  said audio information into a form that contains less redundancy and/or less perceptual

irrelevance.

9. An apparatus according to claim 8 wherein said block-encoding process
comprises:

25 means for applying either a bank of bandpass filters or one or more transforms
to said input audio signal to generate a plurality of frequency subband representations
of said input audio signal, and

means for generating said blocks of encoded audio information by adaptively
allocating bits to said frequency subband representations according to psychoacoustic

30 principles.
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range from about one percent of said rame interval to about twenty percent of said frame

interval.

10 12. An apparatus according to any one of claims 7 through 11 wherein the means for
P generating said blocks of encoded audio information applies said block-encoding process to

overlapping blocks of said audio information.



