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Coding Wth Additional Filterbank to Attenuate Spectral Splatter at gFrﬁpﬁ 2002
Boundaries TECHNI CAL FIELD The present invention is related to audi O

si gnal processing in which audio informati on streans are arranged in franes

of information. In particular, the present invention is related to

I mproving the audio quality of audio information streans for ﬂ m licing

frame- based audi o information str EROJND ART The pro ﬂ ﬂ@ﬁ”m

editing audio or video materi al i%m 'y one of spli ciE ' ””
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to be spliced may origi t:r?ate fr%n# di '?{fsgraent sf)urces, ae".%g. , diff mmm“mm““mmm

channel s of audio information, or they nay originate fromthe sanme,ggs.ce.
In either case, the splice generHFq?W{‘%th@LB di scontinuity in the audio

or video mat eﬁm@breaéa@tnvsmmnwmm_t@mdidoﬂgnqpﬁrs@e@mg)iﬁhééhtta%ﬁ uge@atagn Bl ock

Processing The grow ng use of digital audio has tended to make nor e

di ffi cul tstreynseade ?"%H‘? & fremce pf igforpptiarolnpagticulas, itheopresgefiimyeationris fefatedita.  Thi s
has occur; | i b i b@ar ; ,pgé]&c r
encoded |dri11$g)lvgn§ I%Fmgﬁg?? gfaﬁﬁ%ﬁﬁgﬁaﬁﬁ%ﬁ rglyé%/gse atg‘éa fﬂgck.
Many per defgemation gtreasy choacoust i c- based audi o codi ng systens utilize
filterbanks or transforns to convert bl ocks of signal sanples into blocks
of encoded subband signal sanples or transformcoefficients that nust be
synthesis filtered or inverse t BACHGROVNIDARA] acks to recover a replica of

the original si - 1T Ni: . Lt .0 d audi o signal
nmust be done ZP gg%h?sgﬁe%?ﬁggﬁwgﬁgﬁgmﬁ%és,Jsg’hgi&(yp ({ugﬁ gi’ﬁg‘g‘% gﬁéj“r eﬁr esent ed
by the r apgether tvp ssamentndf drtaak Acamplteditiog paradigmlis/the poosse pEaittinglandughout t he
r emai nder__of. | l: | I L ng" N r« refer to
vari ous r’?gﬁﬁn sbtgoﬁgil%%ﬁ%s ot;fvggig%ﬁzgﬁ%glrng%gaslg?ﬁ%%ﬁﬁ%hoeﬂ%ﬂ}q%r&r?sm such as

" encoded"diffeséng soureess ¢, difgeaitichanntls slinidicpinfcesDngr. thésomy wiginatedoa ther ns

tply any, BALL GUl Akl 2040 AL @k@g@&%ﬂ@%ﬁ%hﬁ ou}iﬂﬁgem Wl3kaih SPUES

I nformation 1rrelevancy ot réedundancy-in a Signa rexanpl e, codi ng

i ncl udes mpesral thti may udayeotipderarpthié.at i on (PCM) sanpl es to represent a
signal and arranging information iE}l‘%" tdi rns or formats according to sone
specification. Ternms such as "bloc an rane” as used in this disclosure
refer to groups or intervals of i BlawkRetcesingt hat may differ SHEET

The growing use of digital audio has tended to make it more difficult to edit audio
material without creating audible artifacts. This has occurred in part because digital audio is
frequently processed or encoded in blocks of digital samples that must be processed as a block.
Many perceptual or psychoacoustic-based audio cading systems utilize filterbanks or transforms
to convert blocks of signal samples into blocks of encoded subband signal samples or transform
coefficients that must be synthesis filtered or inverse transformed as blocks to recover a replica
of the original signal. At a minimum, an edit of the processed audio signal must be done at a
block boundary; otherwise, audio information represented by the remaining partial block canaot
be properly recovered.

Throughout the remainder of this discussion, terms such as “coding” and “coder” refer to
various methods and devices for signal processing and other terms such as “encoded” refer to
the results of such processing. None of these terms imply any particulac form of processing such
as those that reduce information irrelevancy or redundancy in a signal. For example, coding
includes generating pulse code modulation (PCM) samples to represent a signal and arranging
information into patterns or formats according to some specification. Terms such as “block” and

“frame” as used in this disclosure refer to groups or intervals of information that may differ

AMENDED SHEET



L Fw9 APR 2002 -2 from what those sanme terns refer to el sewhere, such as
in the ANSI $4.40- |992 standard, sonetines known as the AES- 3/ BmJ g%tmoz
audi o standard. Terns such as "filter" and "filterbank” as used r

i nclude essentially any formof recursive and non-recursive filtering such
as quadrature mrror filters (QW) and transforms, and "filtered"
information is the result of applying such filters. Mare particul ar nention

is made of filterbanks inpl nted, by tr.ansfqr i tional limtation
Bl L e el R R G AL SR

St r uct ur @metitePkOasS tRNNELHEBURIiFifa0 gididstandhdr Tans aReaayaR0dndt he

over |l appi nat,ure of the encoded bl ocks, an original signal cannot

o oper | v GERRE o el perer BUSo AR S B b A G o RETE8 or
coefi ci efitBas qualiGtkd Midor iltas (QBIFY hiiafan¥foints] MRt fiRtbRE" RS rdatcAIE@E kadused

over | apped- bl ock trﬁnsf orm the nodified di sc;ﬁté cosi ne transform (DCT),
that is f<eelyingaech flteps, Morparticylyp mepttpn 15, madet filterbgaks implemented by ansf or m

Codi ng Usik@ohi | ter Bank Designs Hased oa Tine Donmai n Abasi ng

Cancel l ation," |1 CASSp 1987 Conf. Proc., My 1987, pp. 216!-64. This
transform i s Atadditiops] diaration i dupased eraditie by sodipmityytems thakesg overlappiosd | y

sanpl ed gbdkGhActiled RIREGsPINR ¥ SdE pgi B fbdal DeshRELOREovesla ahizllof O herein
as Qddly- Stacked Ti ne-Donmai n_ Al i gm ng Cancel | ation (OTDA%fIFge[gI'Eg ?é)rvvard

t r ansf orhf facodsddiiqcky ap griging) signal srnnot properly Yefegovergd fPg svenfecommintniteckny

one- hal foftehgrded Qedplds@peddificiéts. achi eves critical sanpling by decimating the
transformcoef~"tcieats ver, the i n&yrmati on lost by this

| y two; ho
deci mat i on cﬂét&tl@gtaww-ctbfa%ﬂw Yool disteristappeiblerktapstorny the
synt hesi odMi@Cdffets @line ¥ALTbd (DCT),ARA T RSeridYd MFRInYdd) Shhdsbn] MAHadey, r ansform
to the bl ocks of transformcoe~tcients to generate bl ocks of synthesized

sanpl es, Syphsad/Trgstaos Gpdias Uying FdiseHask DasigasPasedpm gty amact Alitidgo t he bl ocks
of sylnt r@@?&ﬁd%'atéms% 198N AohlY Biok ARy MeR7aps! 2861064 This lﬂaus\mf .rgﬁi@w(ﬁn{él ocB ;S : Eor
exanple, . if.a cqdi ng,, syst.e ener at es a.sequence o ocks B~-BZ, then
Cha P basdampinsapasd o AT pelbHaly e el SR aR st RER R ot hl f of
bl ock Hd&yw:dﬂamcamaedredlaaexiam&ts?ﬂly-ﬂdcéFM‘ bmmmd Alimxfg[](rm&eiuaﬁ:?[st reans froma
TDAC codij m.are spliced, at a c undary, t resul ti ng sequence
TS o U B RYS e g SPnasSiStis Sopir £ logks AT ea i e Snednpthhaoe o

SUPPOSE dhaDalE BeMURM ldnBthQindBEHiGes &itic@iB@inplingtytdeSimatidppthe trinsfdels at a bl ock
boundary between bl ocks B i-BZ and, a Egtrhbgggc.oded I nf ormat(j on streamis

) . anot
cut so t9sficiepts BE g doweves thy BT o RO AR LML dORAIN | £t hese
t wo egcqaigsling' iEftEHrB&Ivh&ﬂ sigaﬂ.emb y@ﬁ&isﬁﬂ&de?ﬂﬁu Sdcdl It alhlsiﬁgky ﬁipll)?ﬁ@'rﬁd' : ib?t eLyB_
precedes bl oc , they the abasing artifacts in the last half o ac [
and t he PYF¥rapdP™ 'i?fth%l?lB“g‘E °§E“\ﬁfof‘g "@“é:h‘é?'ﬁ“f foyEepfstte E‘ﬁf‘h‘?é’ Sy&’)‘ﬂé’s‘é‘ﬁiot her. The
Lret hods samg[egayﬂ)lﬁiﬂﬁ g@l?itabl’y%hﬂfeii@fntﬁ{sﬁ whi@doe tﬁhdtiblﬁbto thgbIOEIR Of §facheizaibl e(rjn_ g_rl _
ave provi upsati sf.actqry,sol uti.ops. splution r. the audibility
o the BRI aRY Bt gAREIE mirows B2 Portpagie, SOUSKG cibfs Fact o by
r ecover i sygiem gesbenexth saguehdecofbidcls BaB,, ditd e alissing sedfadts pniolde taldutblockst r eam
crossfadjng,on udj e into the other, and re-encoding the resultant
crossfag%cfggﬂtgﬁﬁfsﬂ‘ﬁ%&y%g\%éﬂlmé one o8kt r eam Unfortunately, the
decode/rﬁ-enq:_n%em@s@m@e@mgmimnamaﬁoﬂggsyml are s;ill;_edaradﬂcﬁtl S i_ncErs
a cost that is unatfractive, the _origin i gnal inmredi.ately on either
si de of qoﬁ%da%ﬂ}eéﬁué‘&ﬁﬁ?ﬂ"e% “?H‘G%lﬁéﬂﬁéﬂ‘tq%&’/cef@ﬁ&?&'e?f“ﬁﬁ% Cttq‘kﬁé/’rcrossfade
Cﬁn not htaa,upld,cz;ﬂppos&mu?&ieij Sgb@iati@d B@&him@: ﬁﬁhit&t &gfatae,mm Gblhﬂﬁryplr ob: em
that t rio rt has failed to address, This pro m i arti rly
troubl e%%&ee\i’\oa“s%?%%mh%éwesbf '&éﬁmett?&if*ﬁgaﬂf %m&%g?e@w&a&@a |
s plbi)t - 3adadn_ cﬁﬂlewddv&a bR Mﬂa%.é[f ﬂliaéett?a bxa;akedtif@ffoaﬁqdoa maamsh iaginplicetl 6o g_ﬁge[] at eh
subband si gnal s or. groups,of transform coeffrcients, havin t hs t hat
are co G dnwedipely prosedes PHCL Al hesthctiesps EuBCts i he %ﬁﬂ’&& Og%fglfmh? y system_
| deal |y, an@ afeltirst bRip8NBlodd ARl fRherfllyOMtP caibel bheutter M coefficients is
guanti zed or encoded with just enough bits to render the resultant

quanti zi ng ndhemeshads aad Pevicasof fheerpgact se piesignemsd ibe aroBlrmsgsdets al

cvnpoae y el f S 1 d Snclbelt Edsi

ol ani 11 Aot pueREbE DRlaR, OREt ol I IBTRY S Sichie R I b
applied to the input signal to generate the subband signals or transform
coefficients. Generally, these characteristics are optim zed by increasing
the attenuation of frequencies in the filter stopbanch@ngxelh%ﬁge for a
broader filter passbaad. For exanple, see U S. patent 55 109,417. Splice
edits tend to generate significant spurious spectral conponents or
"spectral splatter”™ within a range of frequencies that is usually within
the filter passband or transition regi on between passband and stopband, and

o b1 - 3 o .




Al ~EU~EOQ ' ~=~~; ~ 9 APR 2002 -4 frane, wherein the starting encoded

bl ock conveys audio information filtered by a first analysis fil l;egb#R 2002
the ending encoded bl ock conveys audio information filtered by a't

analysis filterbank, and the first and second interi mencoded bl ocks convey
audi o information il tered by a secaml analysis filter6ank; receives a
control signal identifying a boundary between said first input fi-ame and
sai d SeConeloRbyireds(aHHE or AERGARE UEDRinkl dulh RUNBRSISadd'y ynt hesi zed
sanpl e bl ockas |X1T%ol at 0{/ pr emgdl né@lg seclon sfnt ecg?é;i ?Erirgrsfg synt hesi zed
sanpl e bl eosfadingtnae pudie straggrintodhy athdryaadwe-¢ngoding)thg reseltpoit ﬂgss&;int tresm il
sanpl e bl pgk, thal t t ack, wi thin
Che 1 st ®iynrhated toRBu ifhnalely BE oIy RER B2 AR BTt ng
synt hesi z#gnadhgprecedss l@@kﬁ@m&’pﬂea@ﬁe@uﬁp sgtfbﬂdﬂmgugnmrslymx#tdsmemhesarrpl e
bl ock wit A r 0o t nt hesi zed
sanpl e bl %N(i:‘{:oﬁttﬂees gﬁ%‘%g Ot}gb pp [i}llg'rgg aer I r%‘géghﬁt‘:ﬂoesst?ée 'fott n'll< to the
starring encoded bl ock, the endi ngSpeptmaliSebitered sanpl e bl ock is generated by
applying a thi RLOC t he
first interi m%’&ﬁ%%@élﬁ%g%%&h& p%bgﬁ%p&ﬁhﬂe éuogﬁg?%lt%%dﬁ %)(Eesf‘ in r(l’:jtm‘?second
synt hesi sisfpadticentinirgublegomb with sp&{bandneeqepml@ndmgi efdhdgrlm IPea:npiuitl hlitdaesbnd
interims j K cond

syt hesi oo EbE R © IR AL BFipl eI LaLAL Al-APRRKIY dolfs SECT

Wi t hi n a wamfpemgpefficients baveriedrndwidits t@qua@memwmmhm@lcdlbw@eﬁhw t he
nunber of 4 s t yt 150, 000
di vi ded bt>l/1 t he nun%){;&?&gs?enti I&éa]ilg;bg ftﬁ%tg%ﬁ% a%’? |r aﬁgetg%%& i;h(:ﬁ’laglée bl ock,
the frequenatzed osprsnded with Jtlﬁ@mmgh:btts toyrendeactbe sesmltahwmtm rojse gxawjlbin byion

with the theA f g#lala‘% a re. than
does the t;ar g%uency e@é%egnﬂ esbo t pﬂ{é%%ﬂ%&tseéﬁﬁaes%&f F?(ﬂgé)eg%‘gﬁ%cgm

conj unct i @fwwdtsﬂgnﬂqelﬂwa dhrecfreqnericy sdspors¢ thaeactseistics obthel fillirbdnkppplied tnthe  of

f requenci [ ke ts; Of sanples in
t he endi ﬁi:g%t Eﬁm ze &19 g‘%g sogzl%sgggggtg&g%%%g%u @3 Hgbglréqb t he nunber
of sanpl tefigtiss é'ﬁd’i)ﬁ'glzs h!tWéfﬁsz‘wh%waémbp%ﬂue@mlqthe%ﬁ@pbqﬂéyponse
of t'he thig é!ﬂ)trf&%?daﬁerfﬂlt'&@afsﬁﬁﬂ&( F‘oPe:&RxBleuélQUs)Bat\%ttshob'&ﬁth' rd anal ysis
filterbank attenuates spectral energy nore than does the frequency response
of the second Splien qdits tead fq geperpts sigRificant sBisiounPesteshcappoRent e “spsetethd anal ysi s
filterba gane wittn q,]agsqt

synt hesi %(ljmgg% e b{ag%ﬁﬂgﬁla&g%g%tfg%?ges pongl:égﬂtlﬂa@pgrbl ap = npl es

Wit hin trreglevéqbtWagp@dsbe@dﬂnﬁésqph@d and mpt within whatds remé@radm tp@tqnbendr, eachi ngs
of anot hejenas RRGHaRE ulhGe RLGSERMo gamtge&@m bR Mnblc H7XA G ST gnal

processing receives an I nput- signal mprising a sequence of "I nput frames
each conpinoughasteauayprpéthe sppctef Sléﬁtﬁﬁd@é\te‘b#féelm eﬂ*ﬁaﬂ"h@emm@m%'d audi o

i nf or mat | PRLIVREHRL hefade! u&ahykmsa{g o td W ERsBRS %ﬁargﬂiang gdancoded bl ock that
follows a first interimencoded bllock within th Irst input fi~me and a
second input frame imediately followng the First input flanme has a
starting encoded bl ock that gfm@mqmlerl m encoded bl ock within
t he second i nput ~ SH~s' ~as~~i - ~~~, ~U~ r 9 APR 20~ -5 frane,
wherei n the stltis ap plject AEGE aessont wwteem/w@vaﬂmwwmp&uﬁmrmmnw beted by a
First anajyg) lﬁfofrhzltfog ﬁ@am(b‘orlﬁ (fsg iR wfoN e AR A e CCRBM G NS rniigh O
information filtere nal'ysis filterbank, and the first and
second i rﬁ@mﬂmémdpmt@bwﬂébﬁmpbﬁfdl o information filtered by a second
anal ysis filtefbaalhg «d ﬁl@?éa(\!lﬁﬁgs%f 6 Uspt ofthOptedent ifeaAlibd, X'nﬂ:gma oP@NRARSY
between said first rnput fi-anme and said second input frane;, generates a
first symgvelswrgcersw@m@cqﬂessymhé%znzbdorswlg@smw;eqss)fmmnwe# preceding a
second SYUARSh a by &enciilh BESIARA SREPLEoMIAGHS inddifiibd, Wbbeefiitihies! S
frame havin an endi ng synt hesi ze

sanpl e block that follows a first
i nt eri m sipputiiamie havhneadipl endodertiloaki thatifellowiya fifst ingerins gnspdrd Hlask withimdhe and t he

second sy, t hat

ot ccodes (1 ab: 2Es EY{1ah R 03h2 Lyt MdRRIARC ARl B

synt hesi sstddingétieodedibviicie that prbeeded @setdnd dntecym eivedédAstetk et the hdcormkinpus
generated by applying a first synthesis filtect~ank to the starting encoded
bl ock, the ending synthesized sanple block is generated by applying a third
syntheS|s filterbank to the ending encoded bl ock, the first intecim

synt hesi zed sanpl e bl ock is generated by applylng a sedkMIGEY AT Hdsi s
filterbank to the first interimencoded bl ock and the second interim

synt hesi zed sanple bl ock is generated by applying the second synthesis
filterbank to the second interimencoded bl ock, and wherein, attenuation of
spectral energy by a first frequency response of the first synthesis




bl ocks, frames and superframes. Figs. 2a to 2c are schematic

representations of overl appi ng bl ocks nodul ated by w ndow functhgFAgﬁéd’ﬁ‘Z
resulting gain profile for frames conprising the wi ndowed bl acks

il lustrates signal and aliasing conponents generated by an aliasing

cancel |l ation transform Figs. 4a to 4c illustrate functional block diagrans
of devices that create, change and réSpond to gain control words in an
encoded information stream Figs. 5a and 5b illustrate functional- bl ack

di agr ans #medieeindhe siatingprspdeddilack convews auiliotinfoimeatins fitwedhypplissmalgsis asi ng
artifact Sfd?&ankQH?eﬁﬂféQQQJdeﬁﬁlgcféo% oys G QudiQinfdmdtich BERATHL fied AREGSENT ALT ONS

of w ndow functions e use suppress alrasrng ar Atts at
frame bouflirabankssand hedirstangd che@t lﬂ@ﬂ@smmdeé]hle%wom@s p‘cﬂmsefqrhamtm(ﬁltered $yics

that resul iecdd0mhyal el AUS i BoRM P LdeATSIE% b5 HOONMAII £5 Fi 0. 8

illustrates a functional blo di agr am of ppl'Tes alternate
filt er bankputifigmesad %@C?%ﬂmﬁfféﬁﬁsaﬁﬂ%ﬁe&ﬁ ﬁfsmeﬂmsal fragys| of synttresia¢d sspbleces.

Figs_ 9, ti0asatlediatk phlcEdiBESBd sgu&&@r@a&%g}nm%d‘%%mgﬁégf@ ﬂg‘ﬁ%R 2002

functions that Eertaln to the devi ce of Flg
Fi gs. | 06svasiesis Fame havingan cpding syndgsiesd symple Bigekthat fellpyrsaciratrinteitncs t hat

resul t fromihegidad (Gl bideh bRUER wm%wﬂ&qgmesg e Mokl ¥R HEWH gﬁ.t&& Eh@ 8. MODES
FOR CARRYI'NG QUT T NVENTI ON Si gnal s and Processi ng gnaf] ocks and
Fr ames having a starting synthestzed sample block that precedes a second mtenm synthesized sample

block within the second synthesis frame, wherein the starting synthesized sample block is
generated by applying a first synthesis filterbank to the starting encoded block, the ending
synthesized sample block is generated by applying a third synthesis filterbank to the ending
encoded block, the first interim synthesized sample block is generated by applying a second
synthesis filterbank to the first interim encoded block and the second interim synthesized sample
block is generated by applying the second synthesis filterbank to the second interim encoded
block, and wherein, within a range of frequencies in Hz equal to about 50,000 divided by the
number of samples in the starting synthesized sample block to about 150,000 divided by the
number of samples in the starting synthesized sample block, the frequency response of the first
synthesis filterbank in conjunction with the first analysis filterbank attenuates spectral energy
more than does the frequency response of the second synthesis filterbank in conjunction with the
second analysis filterbank, and within a range of frequencies in Hz equal to about 50,000
divided by the number of samples in the ending synthesized sample block to about 150,000
divided by the number of samples in the ending syathesized sample block, the frequency
response of the third synthesis filterbank in conjunction with the third analysis filterbank
attenuates spectral energy more than does the frequency response of the second synthesis
filterbank in conjunction with the second analysig filterbank; and generates an output signal by
overlapping adjacent synthesized sample blocks and adding corresponding overlapped samples
within the overlapped synthesized sample blocks.

According to the teachings of another aspect of the present invention, a method or device
for signal processing receives an input signal comprising a sequence of input frames each
comprising a plurality of encoded blacks that convey encoded audio information, wherein a first
input frame has an ending encoded block that follows a first interim encoded block within the
first input frame and a second input frame immediately following the first input frame has a
starting encoded block that precedes a second interim encoded block within the second input

e \—\c_c\
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'Fig.»1 a illustrates a stream of encoded audio information arranged in a
sequence of audi o blocks 10 through 18, and video information jrga {
sequence of video franmes such as video flane L. In sone formats gu&ﬁédb'f
NTSC vi deq, each video franme conprises two video fields that collectively
define.-a single picture or imge. Agidi o blocks 11 through 17 are grouped
with video frame | into an encoded signal franme 21. Some applications

have~Vi dgghel WRFES tle\BirtifhQnPRied BloMd &%véyl@ Gudid! Ex%gtuﬁﬂﬂfe&d' b?TaQirﬁ rlnzilf%se ger

nunber of sanples, transform coefficiénts, or the Iik his can

acco mmd'&qe’é‘ﬂﬂlbyh%ﬂﬂﬁlaﬁ gngededrieniqsanvsys adiogaformatiog fitpred blaﬁﬁlydranﬂmlsr espective
super f i -fififSnk ARd Ak HAR S8R ad Bteddh X&omc&bwld1ofrﬁ@ﬁ$ﬁloa hirel 234 Byof h 25

grouped into superfrane 31 is illustrated in Flg artic

ar r angerfeRtordagalyes ftcshankgecelysht Faabpl simal idestifidnanrioan %rﬂb«tswmadgirst
sanpl e/ st rREVhRUEIdecdit pasSAEE; Slddfds a Bro sithebis &%ﬁHGﬁ@ﬁth@Jmte ofke of

encoded .audi o informati on may represent. overl app |ng intervals of an audio
si gnal . biskpinumgd %‘ebaﬁaedaeraéeﬁrnﬁarnt%a#ﬁ@e el yptbgsized pyypple Rlapks) e figt ocess
bl ocks QfntResth fRunfeHAPing Gn bdiidly sOMBSsiZaP AR RORIRE FolldWs A&k idedHen DI ock | ength.

Typically, the sanples in these over|l apgr ng bl ocks are nodul ated by an

anal ysi $yathetirsdsampkeblpelrrvithin the figes synthesis frame, @ad thy gecpptimtbesiviamhvel opes 6l

t hr ough 16vin@h stain@ S MeSiz&d %aricmscfc WAE preQfestiNot dol Ghtkiin SR siRlOGlapien 2
sequence_ of overl appi ng audi o bl ocks., The Length of the overlap is equal to

one hal chhévwsrﬂdeksereqﬁ’gwhewrﬁmgmov@%bhe siftme ytheszed wmplshiockised by sone
si gnal a4 W&@Mﬁésame&moa&m glendddbuibéia pefeading ment i oned
above. 2b il ust rates the resulting dul atj nvel ope a w ndow
functi oﬁwglwrzr Giponle QO%aaeﬁeedéram}maﬁ\gﬁﬁ&ﬂrﬂsrﬁ%ﬂeﬁ%m&weﬁ%ded si gnal
frame. Agcddbd bIoty, aieqﬂsthﬂerﬁh gyntr%brzeaslaapre@toceis p8fdrated by%ﬁl?rdgra%fzédnﬂ 81 of this

nodul ation is the sum of the nodul ati on envel opes. 71 through 77 for

adj acentsymhesisidterbank Wéh"o@‘é‘r‘{“ﬁ'ﬁmlei’ﬁ"é?‘i/‘é@%k angbthe seqogd fnferin Wéthﬁ%%edéf‘PIélEt across

each ovegldRi ghGied bpﬁppwg e SERbAY syfith&his Aerbahld t63hd BLAT idtbiein exoiad | ef f ect
of wi ndow function t1on across adjacent encoded signal flanes. As

i |1 ust r Rlosl, and yibareigy gtqupation ghspeerabensreydy adiv fegisnchigsrent L dedisglt t he net

ef fect iggnthiddistiltedRhiin conjunc”fionvn‘thﬁice fidanalysi fﬁegaapﬁgruﬂzed WitiSk§leefts t hat use
only anal ysi s wi ndow functions, the net erect of é)%w function ,

modul at it of Lrefegeies HPERRCYEPPRE ‘%?hﬁ‘ﬁ‘i‘ Legs a&ﬁmer%ett@ PPt R AStsi s wi ndow
functi ofreqledBerespgdage bull prlvidg diofe fMeMfatibofGpdttriiGipRAE] calsRid thstpbaidrdfag t hat the
nodul ati on envel ope of the an Jat\ﬁm S W ndowaunfc{ﬁii n overl gps and adds to a
const antirst fTEAUEPEY tsipontqfs comRated i thaptpauatign pbtaingd b the cetihepse WMLt i ons, the
net gf f e&bok, \ﬁﬂekewuhadaweﬁd:meﬁueg@f ﬂmdnﬁeabrr&godds uequf myshalsempom t hat gf a
"produc nction forne r r oduct t.he w ndow
functi oﬁ“béﬁ’ﬂt"ﬁ e°°§ FriRe & alingeryipred fampie g?fa“f“r‘ie% ERabé’%f@ﬁé% & i deal gain
profi | e agéiatis a’f@isuc&m&derby b & third Grefitacynieghahsiof die terlsghtbess fitfertiahleinpr oduct

wi ndow f uncti.on ntheoer Thr oughout this
di scl os(PHUREGRRT F‘r&geég%‘lf“s WY R Qjﬁs aﬁ"éﬂ 6ds “¥fat use
bot h andieysinsy ﬂ:ﬁ[dmmtobﬁml less aftendativnfin rﬂlastbphmd;of thasetdmdsfreqmemponsdne gai n

profile,resu fromoverl a Si. S, W n ctro soneti nmes
b sai o PR o e S ep BIR i Siap oy bR s alhonenc T T om
over | app&gofy Bl duspated \té (he atténhiation bbained by thé refederet fraqmndqee@ausd and aequal a
constant. It should be understood that, such descrj ptjons alrle i ntended to
refer téem%ﬁ%@n%mpwwéweérﬁpewﬂ@ﬁ%ﬁ Iferbgnly mfpriygetion Withdhesewadn W ndow
Functio resoh®ct s the
gai n prg?a-[?j Pﬂ ﬁegfg"é“‘ﬁ ut ?{r u%cgqub%g???ﬁgﬂrﬁg%ﬁg‘%y@?esponse

char act end gnewtind areoutprt slggqb by dverlappiig adiacnt syathesigessample bigskpand adding;

ment i oned abov use filterbanks
havi ng fcrre?fﬁ%"nc °rv§%%’ Ase g@c 3‘?“.‘;5"%‘?43’?9‘933 @%lizlgéé%%%aggrscept ual coding
by i ncr easi nfhd vapioat fegtnueavf tbmpmsfcntfquuenmldets piefertel embodiments mayhshand i n
exchang for der frI ssha & ts tend to
gener at g’e sﬁrﬁﬁrﬁtg ﬂ][y mfel-enélg Eﬁ? ""1*‘5@% ! s%){?Il %dp%%‘?&%{agg@&?%a&%g@% thin a
range ofwhidhdild eéfere s utxharfalslrefcmﬂlkmléthm ih thee sedend] figwres. Fgadewihgawhiche filter
stopband. Filterbanks that are designed to optim ze general perceptual

codi ng performance do not provide enough attenuation to render inaudible
these spectral artifacts created at splice edits. TDAC Tr ansfoﬂm Al'i asi ng
Cancel lation "Wth respect to the O TDAC transform t E%ls wi ndow
function, together with a synthesis wi ndow function that i S appl ied after
application of the synthesis transform nust also satisfy a nunber of
constraints to allow cancellation of the tine-domain aliasing artifacts.
The si gnal that |s recovered fromthe synt hesr S transformcan be

Y b1 - y" o I T




9 APR:2002 -9 synthesis w ndow functions. Curves 92, 94 and 96 represent
the time-donmai n abasi ng conponents as recovered fromthe inverse g

synt hesi s transform and nodul ated by anal ysis and synthesis w ndOV\g APR 2002
functions. As may be seen in the figure and will be explained bel ow, the

ti medomai n aliasing conponents are reflected replicas of the original input
signal as nodul ated by the anal ysis -#1d synthesis w ndow functions. The
kernel functions of the analysis and.syathesis O TDAC transforns are -

desi gned Hlgstepesesrigusedeyvicaeshdwmmijor calpensits thatwebdplehin snddisidndingahepresefior - end
ref | €Cti Ofedibo (FP ' ANNEH:iS)] B0Rlardfin Rl il ol retuRl QK ma e Ui SCI 0Sed by
P~nten, et al., the O TDAC transform generates tinme-domaln abasSi ng
conponent Bnpofagt\ppstichlembetimeatyibyrase not impasgitgn udlerstanding ithesodapaiofithebasi ng
corrponenf[ pﬂe&n@iﬂv&ﬂgﬁ.fﬁ@sﬁﬂg chQQQ%Q{ufrﬁ{ tlo%FatcﬁtQQh resteEﬁn\%'ﬁ{kgtlt'ﬂgslbeSI gnal in
that region. In region 1, the tine-donmain abasing conponent 1s an

end- f or - etf@omplishiesd @ vids yasiety o aps ingluding prpgrams pxgeaed by misiapradessbrsy egi on, but
t he anpl i I i | Sl : { onent
0da o an E e B By ol o il B Ay, s T
conponent bexppompishgdsip essantialy aowaydnecuding igeieive, per-fesussive anddattics djaital

conponent G i : IS

i nvert ed. f“@%pﬁéﬁfgg&&‘%gé 5%%‘1020&8 :Hr% bggfkgé‘gﬁﬁgﬁggﬁ‘{aﬁ%gg%’?‘%%ﬁ Q%Si ghal is
r ecover edandiglaradieristits efshemppliatiponent s are cancel | ed. For exanpl e, signal
conponents 91 : > r i 1 t, w
function _mdu%‘?l?gﬁ%g\??‘z%%g@g%gddglgf %’g@gg&%ﬁ%@ﬁ%%%?\g%ﬂg%ﬁ%@gg added
t 0 cancel infrmatignsiyeans; howeyes, pspeetk afith¢ pressayiaYraResmEche prrrticabn applisatiadded t o
recover t@g &idfaknddde Elob_&%é‘gfﬁ&k%ﬁ&ﬂﬁﬂtiém%ﬁc@zﬂ&ts&ﬁ%&f)ﬁ‘ov@ﬂged to cancel
al i asing. Time-domai n abasing artifacts on either side of a splice boundary
wi | | genefisfupsionpgd thedrapingsarrs st fosth ag examplep anly padsshagld gptbefugderstogdfot he hal f

bl ock of  gyidemh#ffnPkibhtheSRERRI R thelpiiEiRbRloM. Preceding the splice will

not be the inverse of the aliasing artifacts in the half block of

synt hesi zed audi o bl ock inmediately after the splice. Simlar

consi derations apply to ogpffr PESERIPFIGROFDRAWVINGSI | | t er banks such as one
described in Princen and Bradl ey, "Analysis/Synthesis Filter Bank Design
Based oa Ti ne Fissnkd 30d AB a¢ sebpmelf fsgreseptatigns of videgpndpudigdnfognatian grranged ingpeech,
Si gnal Priggcks, fdles adRBeridmed 956, pp. | 153-1161. This filterbank systemis
the tinme-donmain equival ent, of an evenly-stacked critically s | ed

si ngl e- si debaBSatiPys P sehirmatie epreseniptibesnf gyrlapring Hpcks F@&“lﬁ‘ﬁgﬂg?’"&dﬁwas

Evenl y St agkeind dddehdRamMiny Alarofile fdeRaged doaiprising (h) wlddé&kd blbeisi vat i on of

>i ~ndow Functions For a preferred, enbodi nent, the anal ysis and synthesis

wi ndow funct i &t Idiustrates ?‘%Hm&é’g‘ﬁ’}“tﬁ QEPPRFRLS FERerated W\ﬁi"ﬁéa%‘i%ﬁt % For ease
of di scusging@dmt hese wi ndow functions are referred to as WZ(n). AMENDED
SHEET 9 APR 2002 -10 W ndow function W2(n) may, be derived froma basis

wi ndow f unct i &igsudd tade dlusteate fpefinsalblock diagams phdavices thef| et Fgagratdgr aphs.

Al t hough @anid WAVEhHOIGHdr@in Yh EdtolidiGnBRREBR tahe Overl ap-add properties
may be used as the basis w ndow function, the basis w ndow functions used

in a pref erredigsnioud ¥h ilusirate funetiqual bleck dpgragis of dvirsbirtappyeitemate2 | a ~ca 1
- (N, 2) WG 5nk O CREeNs htiaRing hrt@actd Mo Ghfle fhndark@i S€T - Bessel wi ndow function

al pha factor, n = wi ndow sanpl e nunber, . )
Figs. 6 to 6d are schematic representations of window functions that may be used to

suppress aliasing artifacts at frame boundaries.

Fig. 7 illustrates frequency response characteristics that result from using various
window functions at frame boundaries.

Fig. 8 illustrates a functional block diagram of a device that applies alternate filterbanks
to increase the attenuation of spectral splatter at splices.

Figs. 9, 10a and 1 la are schematic representations of several window functions that
pertain to the device of Fig. 8.
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‘N= wi ndow | ength in nunber of sanples) aad | o~x~=~ k~ (1) The derivation
gener ates an anal ysi s-synt hesi s product w ndow function W(n) by_caonvol vin
t he Kai ser-Bessel w ndow function |Y,ea(n) with a rectangular w gd 5
function s(k) having a length equal to the block |leagth N m nus the overlap
internal v, or. Nt ~s(k)W-(rr-k) A9(n)="~vy for 0 < n < Nbra (k~r~
This may be sinplified to: Nv-1 1~~(n-k) WP(n)= "~y forOSn<N wa (k~ where
n = product - weagd opyp ATPILG IR T reSpHRE it i .;ndow
overlap int e\r/\l\:/lgélj?wkh Qesljﬁlrled Lgﬁg%éﬁcg?e t he 5‘?‘3&8‘2@5&%@‘8&“ %%%Hg: basi s

wi ndow f warions window furchepshin the devioyrgtfie. 8. deri ved product -w ndow of I ength N,
and s~~- 1 forOSk<N-v O otherwi se. For the O TDAC transforn) the overlap
iaterval v = N Z and the anal ysis wi ndow function acct synthesis w ndow

functions are identi CMDI,DES@BMY?TG ﬁ’éﬂ‘mdbwm oa may be obt ai ned
"R = e ror 05 Bty e Frasesng T8 A EO0E
Signal Blocks and Frames

Fig. la illustrates a stream of encoded audio information arranged in a sequence of audio
blocks 10 through 18, and video information arranged in a sequence of video frames such as
video frame 1. In some formats such as NTSC video, each video frame comprises two video
fields that collectively define a single picture or image. Audio blocks 11 through 17 are grouped
with video frame 1 into an encoded signal frame 21.

Some applications have video frames that do naot divide the encoded audio into an
integer number of samples, transform coefficients, or the like. This can be accommodated by
arranging groups of encoded signal frames into respective superframes. An arrangement of five
encoded signal frames 21 through 25 grouped into superframe 31 is illustrated in Fig. 1b. This
particular arrangement may be used for applications using NTSC video and 48 k sample/sec.
PCM audio.

Processed Signal Blocks

A sequence of blacks of encoded audio information may represent averlapping intervals
of an audio signal. Some split-band perceptual coding systems, for example, process blocks of
audio samples that averlap one another by half the block length. Typically, the samples in these
overlapping blocks are modulated by an analysis window function.

Fig. 2a illustrates the modulation envelopes 61 through 67 of an analysis window
function applied to each block in a sequence of overlapping audio blocks. The length of the
averlap is equal to one half the block length. This overlap interval is commonly used by some
signal analysis-synthesis systems such as the O-TDAC transform mentioned above.

Fig. 2b illustrates the resulting modulation envelope of a window function applied to a
sequence of overlapping blocks for an encoded signal frame. As illustrated in Fig. 2b, the net
effect or gain profile 81 of this modulation is the sum of the modulation envelopes 71 through
77 for adjacent blocks in the overlap intervals. Preferably, the net effect across each overlap
should be unity gain.

Fig. 2c illustrates the overall effect of window function modulation across adjacent

encoded signal frames. As illustrated, gain profiles 80 through 82 overlap and add so that the net

effect is unity gain.



The anal ysis and synthesis wi ndow functions that are derived in this manner
are referred to herein as a Kai ser-Bessel -Derived (KBD) w ndow ftgchhﬁ'
The product wi ndow function is referred to as a KBD product w nd rZUOZ
The al pha factor for the basis Kaiser-Bessel w ndow function may be chorea
to optimze coding performance. In rr%ny applications, an optinmm al pha
factor for coding is in the range from2 to 6. Filterbanks to Reduce
Spectral Splatter at lices (2) An al] pha factor within the range nentioned
above is opti AT e sig Sndo JPE‘%‘ﬁés-ﬁ*?“Fheé’fegféﬁ%WaW%WF@ept ual
codi ng i SmEAllAtEnE£ehuivARt T8 Mel ISP RLs of BdiaRflydiSwRaNe hidllion Mk iTH.zed by
increasing the attenuation of frequencies in the filter stopband in
exchange fdg# sanprefilgiean be prhieved By euspdpgthathe modulgsion epyeloge pfie anlysisr equency

response §fidow fhdclib®évetihitand 84406 b Bdng@st. f Or perceptual coding is shown by
cune 342 in Fig. 7. This curve represents the frequency response of the

frame gain pr dfiSystengthat ugs apefxs prépsis wipdey, fuptions, the etetiedt atplirpmior ndow
fji alcti onﬁmmhdnhnﬁiu:aﬁsu %@qhihﬂéﬂtd j ﬂﬁhﬁt offﬁ&ﬁfﬁdﬁvg&ihg&v ii!g&ﬁ{n\f&lmb eﬁgi'é_ﬁilaﬁr&%&ﬁﬁ |
sanpl es. ougn, e oundar ween .passpan an StO an 'S no snarply
Sl neq. phihd el pioPatiian bulEh Hrial o Brew fastioe fo FEb s Tgba et | po0. Hy

and the spappaflt aoveichielédglinniag e mditladontNelopd ofti product Wikd6w Rintibal €91 QN
ext ends beJ ween tthe bands. I n applications using transfonns applied to

1 [
256- sanpl Mdjp gepustantig theoyerdapiptervaly "t o generate significant spurious
spectral conpornedigho this' diptastifepdontehentib®ia madk bhiodingReetdms?0 mebhodsahak KHz of
afilter's center, f.requengcy. For applicatigons using bl.ocks, of other
engt he. DI PORPRAEHE P Sy BBetsh b BEca et fhe £HE PORle o8 HoRnt s
di vi ded byvetigmet) hixdysislvemdpivhfindtions @ill Sn@tinéd leanid ts paat 4 énstap) Siintlely, decur s
within a range.of frequencies expressed i frrom about S0, D00. t o about
256, 000 B HORIAPHEE Bom o E TP Rant VA oo e R e g7,
t hese fr egueltdoagarrieshoutd Hk dedesstoodhdt such desegptiche dretiftedifed tdvefef ioltheartet
stopband. Filterbagnks_ that are designed to optim ze perceptual coding
per f or man®edusions %Pwrﬁgd%&fﬁ%g’t’@ﬂuati on of the spectral splatter
created at splice edits. These ar tyihid&s Eundfigh usual | y audi bl e because they
are usually too large to be masked by the si (I:]nal. Curve 341 and curve 343

in Fig. 7 il Jdeshapeoftheagaysiyyardoy fuadion petnlypitectidheaigrofile of the signal

anal ysi s- gy ftah@aitsctS¥8 heqiRendyhadpoNe QuaralR&ishié 8N doedjahdiNg filesSanRt t €nUAtion in

t he stopband but provides nore at tégnugé' on in a range of frequencies
affected by the spectral splatter fe atigr splices. Some performance in
per cept ual codisngentiSnedabdvef g hekd@ptuilGphlitafand addify Wy stk Otke Giterbiiks hatignUt | )
SH>rt ~ .9 APR 2002 - 12 spectral. splLatter. Preferabl the frequency
eoponse BRI FEROTR dhabicr B OPORIZG [og prtseial B g Peii-ehe e S of

f requenci effreiqiisukidsl intie MEMD stoigbaad th xOkhnpE fot @ broadds Yistkikdblal Uhfottiutitety,

256- sanpl e .bl ocks, .or frequenci es of abouyt 50,000 and |50, 000, each divided
byt he bl BARE i i 5 sspire PRAGCSE s Gt SraipeBied PUMR O OURE 8RS g

f r equencyfréqasdivi st lsaqiivittRtrmhe twhaf i FeghrdbdasgRdElte ktopltuail IFilteatuak s that atr 0SSf adi ng
frames at splices. .ln appljcation ere_such x conprani se cannot .be

hehi eved, A5 Dpue fRfal St Rt RE phr Rty PER DO S

anai ysi sstpntddesinaiditysthesmspestralastifgasicreatéd & sglicapdjs. nust be acconplished in
conjunction with synthesis_ i /ltgri because t he anal ysis filterbank cannot
general ly anticipate spli cizfﬁ‘élcz)%‘e”f’g%fndﬁ'g‘?'"ﬁe"ﬁ'.’“ 99" ustrates device 320
that may be ud¥ith tespettad thzd)-FPACY ttambforn | tisd dnslysigtvimlowfiiction, togethbtvathiang t he

end-to-end frequency.response of .an anal ysis-synt hesi s stem la this

devi co, - CURFFRMNdS (gl e 2Rl T el Har of br SRS FU3BTa. W s

t her ef r onga84ty @ dedlb@ B dhstrdditO to Mibiv@Bndeltiion B the Afe I mAin Al gingaktfact?4, and

generates a control signal along path 323 indicati n% whet her, a splice
]

occurs at eit e sigpad that ig recopsred @P&WY%@'& tf“ﬂ?fﬂﬁ?! cap c%_éﬁﬁ‘qhéﬁ’d’é 2§¥ma
splice ”ayftﬂeor%ﬁﬁﬂf ﬁé&l Yod GROWRY 88ndiR aﬁa@ﬁg !c&ﬁ%{fnm'?:t‘s g%latéarbly"tﬁe aBysiPe inferred

fromother information conveyed in the Sig or exanple, according to the
AES- 3/ EBUrasstarmidn dig. 3.reeies 8l 98 apd Yriepressnt segupes of the amplitude envelope of an

input signal as recovered from the inverse or synthesis transform and modulated by analysis and

——————
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information contain block nunbers that increnment fromzero to 255 and then
wrap around to zero. Two adj acent bl ock nunbers that are not seqggepppl!
could indicate a splice; however, this test is not reliable bec;gsgpsg@oz
devi ces which process the AESBBU data stream do not increnent this nunber.
I f the audi-o streamis encoded, the encoding schene rnay provi de sequenti al
nunbering or sone other form of pre@i-ctable information 1f the information
does not conformto what is expected, a signal can be generated to indicate
t he presymbesikindow filnciams. CuiveseSpBinsd 96 cepidaent denimealontalngiliading ecei ved from
path 323, switch 325 directs encoded audi.o information.to . one of three

synt hesi §TPPREE T SaR e QT?}? pcvisat ?yélglfssm téﬁ%ﬂga“‘g‘ﬂ%‘ﬂ‘&t?erMW ¥ for the
first blsyotkesinwinddéw fimetido] Aomaniy wersinlthedfutetnd wilbbe exyphided bélow fthd fige-bank

326, encpde udi o information for the last block in.a fra recedi ng a
ool o T ERh i BRI ehelaBl rebiSs bARE o BF onlyieal i ABOUBES Bt 1 o 1 or
ot her plmww@mémrh&siswmdhw@®tiﬁhlterbank 327. Alternatively, encoded
audt 0 Lol or Mk Rk dncBRAS R AL PLAYIGRY SDliR dhlEGa: dRepl, Of LN oe

filterbanks according to the technique”discusse ow I'n conAection wth
Fi g. Sb.gemertedime3ipmagealiasing eompapenty thasiate enil-faveehd raflostipnpefithe @@Gowed r esponse
to the i ' I i i . |

{11 ter baha o AR A ol S SO IINC FaB M IER R, ¢
achi eve timeddemaingliasing gemprngnts axtpioddterénhregiony. Imegion d, thé tithe-domain almaingsi s

filterb i i ' | L: b esi.qned to
optim zgcraglg!r){gern g?q%g%?lr%_cp@kggﬁgin%géﬁo?%%@gznéz%%&ﬁ %3%{2 Ee solisﬂl-f-gl L]~~~
w._~ 9, AeRnRoinaiGalipsing eoripanknt e ehifartendiwhdowed flesyion bfabé impitisighdr banks
may be ipnl. i i, 8l at provides the desired
overal | TF é’gﬁg{r}rgglg?’ggﬁ)tggg@ﬁ@négﬁﬁﬁ%?cg?ﬂgﬂ{v&%gfi | terbanks wi Il have

i denti cal fr Equexamyple; dingiognsaspopert 944 islan bdvor-endpvihdraved edfloctimad sighadt ar e
time-rev | f t. I ' ' ' ment

{117 er baspaomal 58 \iBhetor Ao PSR s on it AR £B: BREcch Bl b Wirgt

filter bankporeand hexceppthertbe treplitide of sheneflested téngwinent v imebobed.f unct i ons t hat

i ncrease the_overlap. i nterval het n.,adj acent ,f.rapes on ejther side of a
Lol oo b B elRs A e RS et VERTR ReBlerll e *l 0% S era
ways. Onfiasidp/compdhdngs a2s cdnbetied. \Hot asiple sigmlichinposemgy b and2lawed @ded toom t he

synthesis filterbapk.so that fi-anmes either si of a spli rossf ade
o ondesaihEEAT i e BT Be e ofifs, Sl tie QmBRaabE, oo 140
di scusseud béd owadded ta daherd bliaing dSimilady, gignad comfioacosi¥Bh ahd 85a acladdedtot he

anplitu f nt j: Z [ i.n. fr ' the splice

acr oss ggc 8grit%%ﬁgtg%ﬂdgg?éom\é%l%a%%{%'})%q éﬁq?’ff a&?{@g? %ﬂggﬁg&g in profile of
the franme pr @oeddempit Hasiophitéetdmeitbeasds of 7 phivatmundary willasnerallymetbe | evel
across thj sl decade. 46, i D9 2B kiddide of the

synt hesi%zalé%ug%e%liég%ﬁ i eﬁﬂfg??uﬁf%lvg%k? ﬁ%ﬁs e%llﬂ:ge acr o_sdggt he desired

spl i ce- dmaectliatslyi precedipg Hhe spliceafifl @ettbe theriavegsgiofithp pligsing artiffctsin thefbialf-hlack

fol | ow m% i L OG T f heower level to unity across this
intervalrbqf# t i%@de l@g)cl{l%e C g%tgeg;ﬂ%g}n&lg% n profiles account for the

modul ati on efSimitar sonsideratiesyagpls tagtheriabizsing cpmoalisipn filjerbankesushasenel gain of the
over! apRedybE ARt Sy i§EiltE Gl Pesgal doTiglai n profiles
can be Pfl%%ggé. rgﬁqﬂggrﬁ%ﬁﬁ g.?gSIIS laﬁssliﬁrﬁgtt esahlty_g requer?cy response

char act dPdowis Akasz Candellativay"|IGEE Zaes. od AtouatySpersh,Signaldirpd. aobASEHAtt 5 nsec.

in duratj,en. At ca : . : ; G edelivSstdcRiLr val
correspolr? spf‘glg 33@%&&%2%%%&@4&&%%@%@% nggifmé’%%fhﬁ@atfcfn : tét ransf orns
ar e appldritichllycamplapsisglibidetand hanlyisisgy@bGissgatqrh asl is tefrared toreesin a3 Eveplgs e
particular applications,. ar . 1 tapered gain profile of 256
sanpl es %ﬁff“é‘ﬁﬁ@";@?% ?fmge%&@ﬁ%w&{%e frane boundary and across part
of an adjacent bl ock that ove#dvaps df WisloeFindilback. This is equivalent to
applying one _filterbapk to.the end bl .ock, applyi.n other filterbank to
the i medi at EPSA %f&{egE‘gﬁ?boﬁl%‘E’k,th%ﬁ?ﬂ‘y%f“laefﬁ?ig‘ﬁgrw‘?‘ﬁﬂalg?%‘gﬂuf 8er8’f‘?1er bl ocks
in the iRtREibeto BE FAIBRink teMBiqudebedakd dTdistiBsioe thedewiddOw flnktimk bt ed in Fi g.
8, two additional ?'ént hesis filte~anks would be required to process the

bl ocks dﬂfe’é{ﬁ%ﬁ‘?tas% 'nd overl appi ng the "end" bl ocks. The frequency response
of this linearly-tapered ranp represents a reference resw@@? ﬁg@nst whi ch
ot her frequency responses may be eval uated. Cenerally, fi 8 t hat
optim ze the attenuation of spectral energy with respect to this reference
response are effective in reducing the spectral splatter that is created at
splices. p, MENDED SHEET 9 APR 2002 !4 Modified Synthesis Wndow Function
Anot her way to alter the overall frequency response characteristics of an
anal ysi ssynthesis systemis to nodify the synthesis w ndow function so that

o, o a o o o o o "
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synt hesi s system using 256-point transforns and KBD wi ndow functions with a
=1 . As nentioned above, curve 342 corresponds to KBD w ndow fu i

with cc = 6. The end-to-end frequency response of these analysis- Aﬁ@sZGOZ
systens is equivalent to the frequency response of the w ndow for rred from
the product of the analysis wi ndow fypnction and the synt hesi S w ndow
function. This can be represented al gebr ai caIIy as: WP6(n) = WAG(n) WB6(n)

YhP, (n) = i ere Hr As = anal ysi s BDWlndowfunctlon W th
oc = 6, WB6( ngvl} dg ﬁ&‘ﬁé‘%‘i\,\@ @BB‘W‘WE?B%\? ‘?‘i’%’ﬁ Wi %“““06“3“‘\&456%111‘}‘1“ KBD
pr oduct vueaamw Msrduemgnpmgapm—moum.(ywm&wanﬂuuﬁw&h H8ahprbgdRw function
wth a = gnthems KB vmnd nction tha:I,_and WPi (n) =

KHD prodmﬂw PRYLPE UiEd 35 %W ctiogpfie pasis vindowt fhectipas wi ndow

function as&imcyrém%aetﬂaoaaa@mmetdaﬁerqstemmwm&aﬂuency response to sane
ot her desired r;iionse TSt be nodified such that a product of itself

and the anal ysiswn A yhction is equal to the product w ndow that has

t he desi red r espqegl f equency response corresponding to WPi is
desired a né w 1ung is used for si gnal anal ysi this
rel ati ons can be rpisesent ed aI g rai caI ly as: WPi (n) WAG( n) (n)

(3c) where K~X( n) = synthesis w ndow function needed to convert t he

f r equencywhees ponKeiserBess! wiadow uviantdpbafager, VWK(n) - ~''(n) WA6 (n) (3d) The
actual shape of_ w ndow funct i Qn WK i s somewhat nore conplicated than what
is shown in expr"é'é‘g?%ﬁmg’ YNBEL o " Spl i ce-overl ap i nterval extends to a

nei ghbori ng albd*mddbﬂddngﬂhhmhumheebfmlei hei "end" block in the franme. This

wi |l be discussed [ ;iul ly below. la any case, AVE~~~"FO SHEEP 9 APR

2002 - 15 exprge ﬁ]. accurately represents what is required of w ndow
function WK in gp¢ftl on of the end bl ock which does not overlap any

ot her bl ock i e. frame. For systens TDA hat on i s equal
to half the b&&‘éae"r"é‘r‘@tﬁ’?’mﬁ?s PHSSYRES “Wg dZ? °t“h[£3“ ﬁ%ﬁé’ii’% wi ndow
finction cRn%hnﬁg msxdnsé@amw&ﬂawmu@%wmndr&mwwowmﬁmkﬁ roma

hi gher a ofile I‘o rof|I st have very |arge
val ues n Eé’“ %ﬂ%@ﬂﬁ%ﬁ?ﬂ% “ﬁgglﬂé‘mﬁ"rn Fig. 9 in which
curve 35| i I Ius@tr&b é KBD anal ysi s or synt hesi s wi ndow function with oc =
i, curve 352 ilY, s KBD product windowwith a =t, curve 356
i |1 ustrat@B(m= @B—aﬁal—yers or fosrredi s wi ndow function with a = 6, and
curve 359 il ust rgm'g,(a) synthesis wi ndow fitactioa according to expression
3d. As curve 356 approaches the fi ~ane boundary, it becones very much
smal ler t 3[? theref ore, curve 3S9 becones very |arge.
Unfortunately a syp lﬁe5| s wi ndow finctioa that has a shape |ike curve 359
havi ng t he Iargg‘ehp ejée at the edge of w ndow function WX has very poor
&equeacy re @h teristics and will degrade the sound quality of the
recover ed?B '8 ar—TFwo—techni derk<erA may be used to solve this problem are
di scussed bel ow. ZWm(k)

=0

where n = product-window sample number,
v = number of samples within window overlap interval,
N = desired length of the product-window,
Wis(n) = basis window function of length v+1,
WP(n) = derived product-window of length ¥, and
s(k)=[l forOS/::<N—v ‘

0 otherwise.

For the O-TDAC transform, the overlap interval v = N/ 2 and the analysis window
function and synthesis window functions are identical; therefore, either window function may be
obtained from:
(WIENUED SHEET
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Di scardi ng Sanples The first technique for nodifying a synthesis w ndow
function avoids large increases in w ndow function WK by di scardi \Wﬂﬁeﬁ
nunber of sanples at the fi-anme boundary where the anal ysis w ndo 2992
has the snal | est val ues. By varying the nunber of sanples discarded, the
bandwi dth required to convey sanples in the frame overlap interval can be
traded off against the decrease in syétem codi ng performance caused by poor
frequency response characteristics is the decoder. For exanple, if the

synt hesi s w ndo g‘bpctio s for the first three blocks in a franme is
nodi fied to ach a\JeYired frequency response correspondi ng to product
wi ndow f u Sﬁ’n Bi—and—the wifoddwnf<Mcti on used for signal anal ysi@?i S
WAG6, then the r q@u%g(k)mdifi ed synthesis wi ndow functions are as follows:
0 WK 1(n) = W(h %ox) yYA6(n) W(n - x) ~A6 (n) forOsSn <x forx<_n<N 2

f or N_<n<N 32 - X 4 2 6. for 0.5.n <.2 + X WK2 WAG
o5 The fiadysiy apd it g Rty S Bty s magnsige mbhd et (W (n
- X+ 11~hihe ak @ Kafser-B&séb-DRrived(KWKS wWiddow fundtids)Th Gat visdowandtionrer e WK' (

(n) = nodifjed synt is window functiopn for the tirst block, WY2(n) =
modi fi ed §“§Jﬁf depga f?dlSQ@M“Fm?e %Hmft_w Tialnb st stiscesis Baesgreiessel rodi 11 e
synt hesi s witdoolGuadiidh alal 88 cHofén th BptithiRk Eslidy! peffomaddd Inmany AppREfione fanS aNP! €5
di scarded at the frame boundary, Pig. 10a illustrates, "for several val ues

of x, theOBY¥aHR alpha fagtor fps gedineds indths apgadram diqfiow f unction required to

convert a 256-poi nt O TRAEbaRR o RedusSHcP@RISpIatts hespidal N a KBD a = 6
anal ysis wi ndow function jnto an anal ysi s-synthesis systemthat has a

&equeacy respofalPiyfartoayithie the sange menfmed, ahoye is optigum & maspcediag 1 anal ysi s
and synt hegplisatits iane boditthit pBSephial Bodingfik S5tniRCAL ABntioRELIbGR, cEfitpal t 0 256
sanpl es. g’?rvas 361, 362, 323 emclj 364§falre { he npdj fig synt hgsj S w ndow
funct i ons 8ta§rally optirgized by inorgasing sheasteuuation of freqpenciss uythe filteg stophgad iy o quency

I esponses ewharipy Modwetibflef filtel pasktank A nishmple bhe6picilTihdnef redfonstonsr { gt i ons
are shown in Fig., i, Q. Curves 372, , 373 and 374 are tqﬁgfrequency responses
for x = gfhahigopfmizedifos perppael codiog feshoym By gurvedfjatigzh This e represeptiency
response g fidqsehoy Fegisdnte dfithel fRinleaiala pisfilo ot PO ARG sydiRGh spenyhsidy 8 = 1.
As may be_seen fromthis figure, a npdified synthesis w ndow function with

x = |6 at FBRHindw fogtions wdth s~ A ps\heving g frmse greriap ntqrgpl spiplite 20f&aplste ext ent

as that ammx\gﬁ%ehmuadaswmw&akmﬁnhw RE4ndiS bt GndEL dvhded awiddG@ipens Wit h
a =1. In other rds, a synt e3|% filterbank that discards x =16 sanpl es,
A

when usedeRasbd AT eaugicin u o abAuh 290 Flz apd the gipphapd coyet fieAuegcies hounal ysi s

Wi ndow f ugtiut 0RHz.iAtrahitien oA CRieflédefieeeibd thPbaally] anal ysi s-synthesis system
frequency response. that i.s equival en{_l to_the end-to-end fr%ency response

of a syst em t h4{@Pplicadons using trapstorms.anplied{q 230 sampleblacky,splicsfdi fd P ons and, at
the sane péneRite ﬁ[ﬂiﬁ:aﬂﬂp&gﬁl}l’ﬁﬁebﬁﬂ Esmgdngmébaﬂemrsﬂammmemmﬁdﬁat _
attenuat es frequencj es above abqut Hz nearly, as. nuch as a,synthesis
fi1terbaak khgp t,fel@ﬁ' sge&terlﬁegwhg“gr @Pﬁf%wwgﬁ&mf oot ladths, Bis

frequency range may be expressed in terms of two constants divided by the block length; hence,

significant spectral splatter occurs within a range of frequencies expressed in Hz from about
50,000 to about 256,000, each divided by the block length.

In the example shown in Fig. 7, these frequencies are outside of what is regarded to be
the filter stopband. Filterbanks that are designed to optimize perceptual coding performance do
not provide enough attenuation of the spectral splatter created at splice edits. These artifacts are
usually audible because they are usually too large to be masked by the signal.

Curve 341 and curve 343 in Fig. 7 illustrate the frequency responses of twa other
analysis-synthesis systems that provides significantly less attenuation in the stopband but
provides more attenuation in a range of frequencies affected by the spectral splatter created at

splices. Some performance in perceptual coding is sacrificed to increase attenuation of the

inUED SHEET



Systens whi ch use KBD w ndow fiiactions with | ower values of al pha for

normal coding will generally require a smaller nodification to e
synt hesi s wi ndow function and fewer sanples to be discarded at EQ:EAE&ZOIOZ

the frame. The nodified synthesis w ndow functions required at the end of a
frame are simlar to the w ndow functions shown in expressions 4a through
4c except with a tinme reversal. I\/bdu’l ating the Frarre Gin Profile The

second teghn 8 nt hesi s w func s |large
i ncreas esﬁ’l {r}aﬂyp‘f#CP Breidt i l‘} 4 u%ncy aryon M é'mt“ffé "‘&ﬁ%"a{j%"r sBer g‘\“]ld T o
devi ate deltlghh hylgé biﬁ'ﬂqﬁhﬁteb dlehlimh QO(EHZ hadngad iHt for a/syﬁtam&luit lfiftEcs 35aluniple

Govi ot orblesky e sheitgnrtaboct s ace thfooEheR aRfdee by e bhosk schethy b's'pi rer
9 APR 2002 . ISometithty zﬁcoh@ﬁditﬂk(mﬁ bé& readlied Satisflylhg freqekiaty Reponyd el feentdicdow

function so that it has maII val ues at o ar the fra bo ndary. Wen
done pr op®ith generalgoding and ‘ﬁ'@ss&fﬁ“@ °§a'v9PIr’H‘if8 peplicitiogs w dve an

aﬁcepéI ab: &mfpt—aﬁilskedshad Mot b€ S¢hosved; adplibe i atekted AR tga&eq@ﬁ@fr?épenwog{hedmsﬁt ah from
t he idea roduct W n nction at or ne e.frame boun ere
he o n TR Sysiel shebest, Tt bt Bt B acmalhes o Brniuac BSEw Al BRBSY | be
degr aded firdrivig bédagd&tthg/anﬁlsslcmmamedadnot gehahuy[xndbipﬁtedplIaMga:@erhﬁl&na.l crossf ade
gai n shape. FqL ex synt hesi w functjion for the first

t hree bl ocks %ﬁgﬁﬁﬁﬁd%ﬁ %be yfbf:gﬁ:%t%reagﬁlsgefﬁ'agsphggﬂtg&:hﬁ uency

r esponse, alfetifig 1® id-toetd SyduiclyIespone 0601 ablysic-byntitesis Wﬁternequthmﬁvﬁ:@r t he
second a third, bl ocks are ge a t nme . as hown

expr essi o‘gg OTPA" A dCAYS PP \st(%gnag ogl‘f?éthr?gg ‘?’?’5’8 ué?“rﬁ%‘g’lcg ‘i%. W funct i on
WKl s howninfoboatianitint édppssed dlony paded2d santl geetdtad cbytrcmsighal ploylg pgh B23

poi nt - by W|thas ot hin ow. f.u t|o 7 rst half of the
snoot hi ngtg%lca %thunrcats?g%osoﬂme%émﬁer ﬁ%mroesul an{) ?I %4 csyrﬁcﬁgtlsﬁ w ndow
functi on spbce miyebef expresslynioovdyed m:theABpun siglidl or it YAy he (nfgned froforotier S n < s( )

yYX 1(n) 2 (5 WP, (n) WAG (n) for 2 <_n < N where
fm’s’%ﬁ’ét hnvegedmth m?‘unction, and p = length of the snoothing

W ndow funct i dior emmple,rmdordmg luethé AES-HBmhstNldaﬂlhmcn-niw blentssfmklimesi s w ndow
function .r |red n frame S|det 0 this w low
function %Fg'@"’ HTCS? L{]ewng’é\?e@éqcremfﬁt mn%%?ﬂ is% Ill8‘(’)w a1pun(§'t"| on VW nay
be based zerm. &"madfacaat lblzycl@&;ubm ﬂdoam hateduientiaf cdmhimmextc aqﬂﬂéa[howaaqtthm ng

W ndow futescitl Ong%elannge ause ome evxcesw Ll}n%r:[)pc%ﬁs_l eé@%liﬁ}datta s?re gll ng w ndow

function & SOk unction o ac = OPn Fig. 1la,
curve 38 ihcreinényshis autndsr. ﬂthbe sidaptregh lstehwdnd)dha‘merdhwnhdmsnay pmwmtbow function

wi t hout %Otngil '\d ge GHioffe o eg folrxlnlo E:te(riigttaﬁ%ﬁn&‘p a?g'nq PEnd mﬁ)tnl;iguéx%gg%do?d
synt hesi s 'on W th snoot hi ng. e frequency response for an
anal ysi s- @}M&swbatgap@mdu&sxglgl tan de gemsoitdddd indizdieftiequiesenae dbmspliveict i on i s

shown in Fig. ryve gt?% r hat
results from &%lmﬁ °"fe1('?é ot of %glfemt %O%AP Ei%ghe?ﬁ '?fj?ég%ﬁ?.%ﬁér?@zgd
repres ent@dmhdon‘maqmemny of @mp@ym@seﬁltahatdsmﬂwsh&%ymchesmeémoem us i ng KBD
wi ndow f UBfHLARR Y tﬁ«hﬁr@t tlock in i?@gné:ﬁsm{v?mg a splice to first synthesis filterbank 326,
encoded audio information for the last block in a frame preceding a splice to third synthesis
filterbank 328, and encoded audio information for other blocks to second synthesis filterbank
327. Altemnatively, encoded audio information for these other blocks could be directed to one of
three filterbanks according to the technique discussed below in connection with Fig. 5b. Buffer

329 generates an output signal along path 330 in response to the synthesized audio blocks
received from the three synthesis filterhanks.

The first and third synthesis filterbanks are designed to achieve a desired frequency
response in conjunction with some analysis filtetbank. In many applications, this analysis

filterbank is designed to optimize general coding performance with the second synthesis

I‘—"—- PACINE T ]
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393 represents an envel ope of the peaks for the frequency response that

results fromusing linearly-tapered frane crossfade w ndow funcgi wgogoogs
about 5 nsec. is duration, discussed above and illustrated as cUr 43"

may be seen fromthis figure, a snoothed nodified AMENDED SHEET 9 AP R
2002 18 synthesis wi ndow function aqlﬁi_ eves a frequency response that is
simlar to the frequency response achieved by an anal ysi s-synt hesi s.system
usi ng KHD wi ndow functions wth. = 1. Flybrid Anal ysis-Synthesis W ndow
Funct i onP‘i\t%th?“g‘i )ﬁé“t #‘8‘&‘?"92&'@?‘?@“‘%’%’@%&@@6@? “H‘iﬁ’& 8 %enéﬁ%‘ﬂé?seﬁtﬂuyé%nges to the
frame gaimang dfat pevidésahdedited dvetall EreglhegOipdespopdt! GerfekalyPihe 605 Slteriiak SRl

al t er nat h‘\f/e,.dthe grnal Si s%ﬂ%soc slsm,ligul d use fiiterbanks with one frequency
r espons e 1351 995feal frequepicy respopses Byt PYedmphif [HPensshH Behie umeirevsrsehink f or

i nterior rdplie@les oncTdnbthbd. I Aplcaribis: thit aapléddnt Bltabidks ading bt forAMdRARRRAT | €S
coul d be des(iwgn d to redyce Eugse anmpunt  of rr%;)difi_cati n.required in the
synt hesi &mft %aﬂp@%ii@&@ St b implementsd bieyiing; syathesiy wigdesk fungtions p| at t er
at spli caﬁgmaem%m«% ihtere@lURBAER# adjdehitndd oRbitller AIEHQYRLAr i es 1a coding
systens using a formof aliasing cancell ation such as that provided by one
of the TDAC transforns, spli¥edulafor ef Synthesizad Andiosi ng artifacts from being

cancel | ed on g hapbsicothplishal i RveRBwhiRl OfyaRsdulatthedyRndiina4sasd above.
These unc,agﬁel I ed@a asing artjfacts may be avoi ded by a?pl ying alternate

filtetbaflRRalFEOTH ths Sypthsais diltgrbagl 5o that Sames o pither gidg of & splise Frogfade

Ref Ie_r r 11 Ngitd %Tefahﬁdﬁ?iiﬂis ﬁlhf)wicgj)lfﬁplfshﬂ ig E@Evi@@ﬂEﬁD&lelpvige i4or(g§|cu£sk& Be?&zvbéﬁk i's .
applied t 0 , seco t er bank i plied to ocks t hr oug

16, and ﬂl?‘ftfﬁt‘?‘@nﬁﬂ f“é?’ﬁ&?ﬂ%’ P%é TEBI5FS %Ia‘?‘ﬁi"{ﬂsed?gg‘ei’ﬂm&?ﬁ%d Yot wiheiramg | o5 of

t hese fi pieeddbythsSsplite srsala Hhatd dplice-avedapintetal e éMudt, tieQingRetile bf e cont ai ns

subst ant hall no,. un anﬁei ed aliasin artifgcts '[he t echni ques degcri bed
here for %‘Bﬁé’iﬂ%“é‘&gﬁg”g Feterrsiied ORIy BIemy weplevel actpgy (s {Despdey
cogte)_ndi NG in@radsesthe a.dilﬂlmieeif the?ijmbesﬂgysi@ﬁ! iuslﬁf&ad:vtlanﬁvalggﬂiésbl}teih n

conbi nati on th .the techniques for reducing s tr S tter, that are

o oot iy it Ral oy nstect . Bl PG o B sobre Jel g 85" £05° ha
r ecei ves sghicokask frandhdlowadleveiiunityacad tigciarial Bhatfa@vdthkpes bFam contr ol
signal indicatin vf)/ne her an audi o t%lo K.is Lhe first. or starf block in a
frame, tRh® "éé‘f“g‘it Urref BY op fltgctsp &“&P@P'S&“ <5t ipdavringntis ayerellgpnche frane.
IR rfspomavérﬁppéaaiaggfwbi@epsésmﬁd,rrecei vedf_Gom pa_th 203, swizggh 304 di recltls
the first or .star 0 i S eac rame,t irst filterban , directs a
nCeri i bl ockDieeaie Alps Rasp et o6 Frer FRYAR L BEE il AR s Che | ast
or end bFegkndyrespatde charan@isticy dfalinchrly itdpbed Fank giddgrofile@fabdut 2@Beassenbl es
the filtered audi o infor ion received from each of the three filterbanks
Lo an Stieds ALD Grmale aie E € Bpclel et o (G ERE! oRespiig b FRH A e oo 530
i n whi chsatgilear itahany £3dingeapplicationstiansfopnii are aygptiad toGanplp dldbkdAving 266t ai ns

t herefrom encoded,.audi o i nfarmation that is sed al on ath.22 nd
oty ot EatPGORE RS B Bk Pl s R ke Bt sotn BBy o RERREhOrR & b1 e
audi 0 i naadphateid@ndsiadrobdun ‘bid” Mock at thé fifidhe Bluaddty add aardsopaet oftahadjha@at or end
block in the.fra L an.in imblock in the fram, .l espo o the
Soner ol b R e A otk bt SSlenl i abelVing bt Fitechfle LIRS ok ot 6
AM-N~F~ &gl anothe ARG B the InSnddivkedy adjdcemtrbldck, and getahothdrrfitertagintohesi s

filterbaagks., ,Swt 225 di s epcoded, audi 0.4 nf.0 tik.op for the first
bl ock. ¢ oot g it B6ReCos fiher REBIRE itRieR 1 Bl IRk R 0 O 17
i nt eri m dditzosl syathssesddtechasksrvdubibhieseduired ®rppamads tidilockandjaeenttoded] audi o
i nformati on]gépor tElhe I,aFlt block to third synthesis filter6ank 228. Buffer
229 gene?‘éef utpu oglisgnal al ong path 230 in response to the
synt hesi zed &ridiffeqiidnof teSponsCafithielinchilp taptbd rainp reyestiytn b hefarercefrespome baaks.
Second Filterbank In one enbodi ment of an encqder) the .second filierba.nk
i's i npl eRgaHsEYhiEy other Wﬁf"s?ﬁ?&ﬁsﬂaﬁge pepali G mhw’ ferbanks At OREBIZG; ndow
funct i ongRGRHuGMEIDLESSclril @nédry Hotfrrekfedl B R fFeRMcsliespon el effdti¥ inacea, et a(.,
cited above. In a conpl enmentary decoder, the second filterbank is
i npl ementeducing the ppeiry aplptter thatiis Cieatgd pidpliese DCT and as N-point synthesis
wi ndow function according to the O TDAC transform The forward and inverse
O TDAC transforns are shown in expressions 6 and 7, respectively: ua 1l

=~ ~~ +~~~n+ ~ J~
X( k) =~x(n) cos Ck n+n2 1JJ forOSk<M (6) n [~ J N\AENDEDSHEH




Ma x(n)=~~X(k)cos~~ Ck+zl Cn+n2 111 forOSN<M (7) r. J JJu where k =
frequency index, n = signal sanple nunber, M= sanpl e bl ock Iengy;, v 002
phase term for O TDAC, x(rr) = wi ndowed input signal sanple n, A&Kz
transform coefficient k The second filterbanks are of length M= N and
create two-regions of aliasing reflection with a boundary between the two
regions at the m d-point of a blockj4as shown in Fig. 3. The TDAC phase
termrequired to create these two regions is m=N 2.-1n a preferred
enbodi ment, the anal ysis anghdFeaShabdss Windst@Rudctiget i ons are derived
according to the techni ue descrlgd above. The shape of these w ndow
fi.~actions i "i‘tfefﬁ@(P etthp Overall fpauengy resppuss W“S%Pf%élyﬂf‘ di scussi on,
these W falhesis syarki io REmedify thes‘yﬁmé@dwimovaﬁm\ﬁtdurhb thabtheskt dffetd Fakails- | N this

same enbodinent, the first filterbanks i ncodey .and conplenentary
decoder ST FIndREINE achigyps the desitsd respagee- 1St gV GGy SomoBT | ol f or m

of w ndOMl'iangéd%édr&]gg totBd ﬂa}ulunmgm-glrﬁ s@ﬂz@dﬁdﬂ\bﬁfdﬁﬁ fhdiBef orms are shows is
expressi ons .. respectivel he first 6lterbanks are of |length M=

3N 2 and cr attee 3¢1dn Bigt Brepesgiobi freqs*rncwag%%*‘g Peateaates seeotral|splatieray

artifact gligéso a@rataya&&@dmeﬂeﬁteamaeyi fﬁmeﬁiﬁﬂegrhl&f: linB&1yStapditad gaid) t he bl ock
In effect, AN E~I OEC~ ~"FET 9 AP R 2002 -20 reffectioa region 2 is of

| ength zesofilegergeserted Bpennte4). Thergipense harys ! ivaghisied hyO-JPAGwalvdiadi ng edge
or rightghaas E‘ﬂ&ﬁuﬂfncb@@-p@ih%&ﬁsfoﬂﬂibeaﬂ RAD RiaSE flntlidhshAGUYL L §dad O create
this single redion isiF0. The analysis and synthesis w ndow functions W (n)
for the mentiomned dbove chme k42 msnodd;rtoKB@lwmifmﬁ@mewuhm#]ﬁs wi ndow functi on

is illustrat f. thre ortlons
The first angﬂlstég%%'ﬁ) n\égrreéuejnﬁ%&sdég%“% Jdﬁlaklis f% %s?ef% n‘a‘f“é"“ﬁaf

i dent i calheﬁequmc)despoﬁmruftheonndtw(&;rm«lef&mﬂlbpnbdabof/m amadlysishamdow fanétiog. ba.
The third d S 0 zero. This first
anal ysi s v(\’ngﬁcfgn&fwﬁsng'tnlg%%ﬁ&ﬁ ﬁzl%%%gg a‘%“"{%%"%gﬁlj"%lhﬁ%'i n segnment 3 is
zero. ASW&(H)E‘SM(’I) Widnpbasi ng artifacts that are reflected from@agnent 3
into seg N zero. The abasing artifacts that are reflggted from
segnent nalg?re%%g% w Il not generally be zero; however, any@ rtifacts
t hat ar eWhﬂéIW@d=mdyﬂSKB@rw6ndoveﬂlmthh“b@oe#ﬁm nat ed when the first
synthesis w fun applied tg the synthesized audi o bl ock.
As a result, r}g%g'gl rf&mélesfs ]@gc%é') CBQ ’;hl n06segrrent 2. Third Filterbank In

this same emmU(ﬁ)EKBDtphﬂu&Mdbwfﬂlﬁ&leﬁh&H&$6n t he encoder and
conpl ement ary_decoder are_inpl enented by the nodified DCT shown above and a

modi fied for rﬁ’fé*l(")\m WalgHs KBRWipday fpetier Witk Loy war d t ransform and i nver se

transforns arWS v;?n th&is R FHoQ FencBorPRith £ = I gpectively. The third
filterbanks are of length M= 3Nl 2 and create a single region 2 of

al i asi ng r ef |FERdm)crkBIApesinet gvindow faagipg withe 3h end-to-end refl ection of the
signal in th f f ro and
t he boundar yqf)p% \/\emésnm%’ gg%v\ﬁgﬁrl%ng'? g‘r?glﬁlgéslogéam; Et%géhgljt eﬁ%%e ggd}g%f’%? t - hand
edge of thembptbeldesifidaesFONE iphug be m@ﬁﬂwhﬂh@@m@%ﬁé&ﬂémﬁh@a@lm@l e

h i v apb Filonty cd AP0 RcElty M) 8 45yt RO MPE Ry @By 0T 7"

f unct i onresmnaed dous&pnam@ltowl’xoudemedma amhyslil vgndﬁcﬂmmonl FéAsaonged fmdigodl t hr ee
portions, The ¢ ?§“ gnment 1, is zero. The second
and thi r%’dﬁ's?‘t%ﬁéwoml anb? ﬁéé&&ﬁﬁ% TS g“’and 3, art identical to w ndow
functi onmex%nﬂe(s@med above and shown in Fig. 6a. This third afel ysi S

vvindowfu i }/\B JENS th 5,90 n ‘#eé zero. a
result, apg‘g(g éy“g‘c T mzlaereg re%"ia‘lmtt'th %S I‘es nt 1 |nto
segnent 'Bhlﬁéﬂbﬁhﬁﬂteﬂﬁ‘o The aI | asing artifacts that are reelected fi-om
segnent 3 |nto § g nt 1 will not generally be zero; however) any artifacts

that arepng nto segnment 1 will be elimnated when the thi@d)
synt hesi s W ndW&nMnctl on 13( n) is applied to the synthesized audi o bl ock.

As a result, | asin exi nl ment 2. NCFI SHEET
e actual shape o% win ow nct)fon ?s szxcwHat more comphcatetﬁhanw at zs

shown in expression 3d if the splice-overlap interval extends to a neighboring audio block that

overlaps the “end” block in the frame. This will be discussed more fully below. In any case,

AMEMTED SHEET



9 APR 2002 - ZL Fig. 6d illustrates how wi ndow functions W(n), W(n) and
WB(n) 241 through 243 overlap with one another. Gain profile 240{9%&%200?
the net effect of end-to-end wi ndowi ng which, far TDAC, is a seqUe
over | appi ng product w ndow functions formed fromthe product of
correspondi ng anal ysis and synt hesi sy ndow functions. The aliasing
artifacts in segnent 2 of block 11 weighted by anal ysi s-synthesis w ndow
functions : : | AH ' ' Jirst half
of bl ook TP REDAE St Mhal i ol O WA e R o U6,

al i asi ng theend bleckovhich dneg netoverapany biherilockiin theifighue debrisysteamsaisipg OsTRA@A] hesi s

w ndow fupctions . n canc Ieg by i;asiag artifacts in the |ast
hal f of bpl(%gcqz)rti%lym\%‘(%%?gé@ ;?%%ﬁg cy i 9rsf§)/l£1 %'e'gﬂsna% ndow functions W (n).
Si gnal r ecoverifthamyhtivdsis adadogy faadioe A isiussd tb Bonvedt eieiemd-td-a@lreqadnty such as

bl ocks 12 and 1 b 15 and 16 | lish i
conventi ofa1iRE « BB PR ot Ala oLt Bt SohlasUabbase ot any

frame bouthd@aie 8okhdag. Ah e:aSiphJis stidwnfia GlgS 9 WM Whick &1 35 1UINGaRELA KBD. The

absence of uncancell ed abasing artifacts thr out the fra al | ows
essent i al FHYERET FeHEEh gAY fsHor Bithe 5, Wﬁ?ygﬂgﬂafeéé%%ﬂg&%WW°Whese

W ndow f URfth b@NS cHIRY SSALISRARS a KD addly8S OF MAtheds GRNdSH MtctiGit{th RS hdqe across
the overlap interval. At splices, the overlap interval can extend across

many f r an@ve 19 istates 3 gynthesinpindew Sanction 1oserdingdn pepegspien Thsewe #d | use a
" spli ceovgiylqibhes MeQfa¥idlbouddddt itibScdnits YOG nhdR 9RaiRf than b@vS9s 2B eford, HirvE €aS0NS
that will be discussed below, it is significant that the overlap interval
across a 339 beeames yeryreee Mnfansaaly, yntheapyyindey funstion thatrhase ehapg likercupes at

Splices Agdoriabily tdQackd@brelS Yt 1S eds ¥ widdlohFHALEBn mqgagay pjéériﬁtexue% artifacts

created by a splice I's to incorporate into an encoded audi o signal a

pl ur al i t yreggonipfhpractertichind Rl desrpdedhe jonad quality of thedeqoyered ¥gnah|T&Xpback system
to alter thmigePhhioidbedfed thsolpé AlRGHensh@ARkbussed béwe enmbodi nents of

devi ces that use these gain-contrgl )rds are discussed in the foll ow ng
par agr aphs. The techni ques descr &g %§§m¥@? usi ng gain-control words is

tge S ;ij ect FfTh_a ﬁfs@ﬁaamm%fp[a@mfytﬁ%tait ﬁth.t:snoaﬁﬁmv mnet;mvmaséla@emm%int |

advant ageouys i s.cogbination w echni ques r reduci ng spectra

spl att or VIRdP fiagtioh ‘?g’azgwf%%we %ﬂg’.ﬂ Fampley iy bouRCPREREF bl ock

di ?gr ?m Qinag:lew ivﬁ&iom&adﬁ_an M?itﬁdﬂs:ﬁzﬂlééf&hluésl_ﬁy Qﬁ?;ﬁgﬁi&gﬁm?émg?ﬂﬂésmisﬂraecgnd

out put signal arranged in frames conprising video infor i gn ncode

audi o i nf BF heRsh wgweéégmq%samyfeé{@%%&eg%ﬂ némﬁ‘éarlg;m%daa?@%& r ol

wor ds.  FothBBécrdadelin @i 83dafy gelBrotMtderusedibg Pabr frdduéne RefHHRe dHaradteidtigdial

recei ved fr3n1 ath 108 that is arranged irt franes conveyi ng video

i nf or mat | 98898 encoded audio information for the mul ti pl e audi o channel s,

and in responger tAmplesif gitalnthe&tB Mok finoidnp &r ihelfikft thddablo€ke WL Eme is

gai n-control, %?rds” Process | 09 receives multiple con rpl.gi als from
uch windagy

pat hs 103%odifief tpaeteveaderired feguansy wspPoRFq JOEEIROPSINS (g fe %8002 27

with one @, ddahdwintow fithciaidlised flp sighut hitalysaisl Mg, thaasRoigeired modiiett cont r ol

si gnal , geng%ates alﬁﬁgygath L a pair of gain-control words for an
associ at et HEH; odew “Fﬁ?ﬁsﬁégﬁﬁsent a starting gain and as ending gain
Wi thin a respectfive frame. Only two control signals 103 and two associ ated
audi o channel s {02 ar@ shown i gothsafigure for the sake of clarity. This
gai n-contr ol techniaﬂg qu be applied to nore that two channels if desired.

In the enngﬁbggdt encodegp, anggﬂérates al ong pat hs 106a and(44d)06b
encoded audi 0”i rf or Wed;(On for nultipl e2audi o channels in response to

mul tiple audio @ nel ,signals redeived,frompaths L02a and 102b, and frane
| 07 gener at es thgégrﬁn&ﬁhéﬁgngjﬁﬁa 9<g¥ranging in frames video information
received frompath 101 and the encoded audi o information received tiom
pat hs 106a and LQ66. Thi ¢/ gai n-control tachnique nmay be used wth input
signals that are %ﬁﬂ‘oﬁb@%ﬁ(’ﬂhefoépéﬁ‘ﬁ“zb‘%sed al ong path 108; th&f‘ef ore,
nei ther e 705 nor frame 107 argyrequired. |a enbodi neats that %clude
encode 105, encofdi ng ¥és(nbe appIL@H?;bxéﬂbﬁNbudio channel independently or
it may be applied jointly to nmultiple audio channels. For exanple, the AC 3
encodi ng techni que nmay be applied jointly to two or nore audi o channels to
tower total bandw dth requirenments by renoving or reducing, &egundanci es
between the channels. Fig. 4c jllustrates a functiongiwthPeck di agram of
device 140 that generates output signals to reproduce or playback multiple
audi o channel s according to gain-control words in an input signal. Deformat
142 receives frompath 141 an input signal arranged in frames conprising
video i nformation, encoded audio information and gai n-control words.

Def ormat L42 obtains h-om each franme of the input signal encoded audio

. I Y




.2~ Decoding may be applied to each audi o channel independently or it may
be applied jointly tv nultiple audi o channels. For exanple, decodin
conplementary tv fornms of encoding that renove or reduce redundaaiﬂpﬁiiﬂﬁi
bet ween the channels. Its split-band coding applications that use a
synthesis filterbank and a synthesis w ndow function, the output signal may
be effectively nodul ated according #®-a gain control signal by nodifying
encoded audi o prior to application of the synthesis filterbank, by
nndifying antheﬁﬂ@edxauqugpbtqbﬂeg,mgﬂn1the synthesis filterbaak prior to
synt hesi M mjng,quﬁgy nDdi;%;pg thg audi o information obt ai né@) f r om
the application of the®synthesi w ndow f uncti on Fig. 4b illustrates a

functi ongherd! PRKrHyE: 300ES HntdQY WeRiokdehctib@tor EH&QirJtibﬁJ%l%eXi sting gain control

words in a swnal. Def ormat 123 receives frompath |2 L an input signal
arranged in f = B9fibied Sinthgsiy vindgwi ferchipmor thgsecoadblsgled audi o i nf or mati on
represent i ng W (h) P hoditied syRttekia Mot furhon fod PdtthigiiistiCaat r ol wor ds.
Def ormat 123 obt ai ,ns ror’th.e i nput  Si glrxllah ‘g]pe or nore input gain-control
wor ds associ &t et Rl Af preted 'e%f&g“@aéﬁ‘a# f APYFHEt i on for one of the multiple
audi 0 channelrig. aodill@eRastor kedalWalties G, theGRipe 0Plhe WIdHRd draRgis Raldss 124a and
124b. Prgcess 126 gener ates_gne, or m)rﬁ oyt put' gai_ n-control words al ong

£ TAC apel

pat h 127UBSHORSHUHET (OFOBYRE" 2 OrR9} TSSYRGES Bhtepyriag 2 KRD e fonse to
a cont r odnalybig K@l doweRiRitI6R thtd hDiNa Bk Ryntiedis sy¥dnlMht bhe 8 fBRREGALHInsR| ONY pat h

129 an output signal that is arranged in frames including the video

i nf or mat f99HYaleptie theh e Groareaang KB & rienplsts sdryathrsistrindavpluactioneieh €hannel s,
the out pgifmdRieflaFRbvaPlquitib 386 SAthidsNCurk B, 1821 183 GRIMd40ke MR EMGisEHat do not
correspond to the outpu ain-control words. In an _editing application,
control ¥ndews windowifyngtiensilorse 28.sl6| 24andi3h samples; resgegiivgly. 121. 1 n response,
process 126 gqpatRlasy Qo oﬁ@h&eﬁyﬁﬁéﬂﬁaﬂ@ﬁsfk GRIE Ex%hiﬁ‘é@&zﬂﬁf)%ﬁ%” cause

a device such as device 140 to attenuate a playback signa lately
prior t core showain Fige10bn Guives 173y EF3xaad Bfrbarg thedieguentiongsponses Sirxt=h, J6 afd 24 t he

splice. - W : grgm} vec, in
many app%?gcg’ir}gsﬂg&wﬁg' gﬁgﬁéﬂg %@Wﬁ%@ﬁ%ﬂ%ﬁ‘é%ﬁégmfgﬁ elt ugirﬁg\sé?de of the
spl i ce. HBE vgadow fuhetivgaviihrat 1 vé&d mmple soen fdet Bisfiguetla inpdified gymihiesig t he
audi bi ity .of .modul at.i on products. prod d by, t in.ch with the
audi bi | i‘f'%/gd%v? ﬁinﬁtgong“é"{mn’% rllgﬁtgeém?‘ct%ss%%’f'?ﬂc%%gbodg%{br?g g%%tomag?ugﬂgg%cni gue is not
i mted déxenedithitachieyep by € agntiens filtedbankaising KL window fuBtichPRitR@O21.124 CLAI | VI S

1. A nethpd for signal. ocessi ng. conpri sing: . regei Vi as.input .signal
compri si TPt 3oRlse iihesia ko Hisrnd T4 wtbplen s el oy aeioe vilhpy f si ng
a pl ur al dnfapalgdis ARGBARAndOG kS dnhigdis @Idve Yurktia thadleas aihieve ad @idadehdn,
wherein a first ingut frgme has as elrt:lgli ng en oded, bl %ck t(p&t follows a
first i Ry SHUBF BERegPRPAnE et Eorayalsah fLibe p9d-g5vad BRle%Ysecond

i nput  f i reqdBsel oMABEHtat BhiustOdk FQWinilgsii i shath&ls winddut fuhdti@iand ot th sehar ti ng
encoded bl ock fhat pt&;fceﬂesa&ﬁ econd interimencoded bl ock within the
second i #puProridgReyFiE HierpaphEewengyrespense abaieauas Semueatift YL 2badi o

i nf or mat 300 RhdLsERudls @ syrtiesit it BBhokSisig fh b=CIr Jaihksis %o Rdkdm. encoded
bl ock conveys audio information filtered by a third analysis filterbank,

and the firsiSysems whishuw KBR sindevdiecsgesivi lowrsraushelalpha ffizgmiahf or mat i on

filt . i i | p TVARalek . i | 323
' ere%ﬁ&g%ggﬁﬁggyy e¥§§xﬁalfcl‘ lntiﬁ?ﬁBKto {h@%&h\é%; Dok Rtctio] andicgial  (323)

identifying a i t ween sal Irst input frame and sai d second i nput
frame; cemeleato beglisatled afthesopd pfiths ifgme.| Fyrunodified yynthesis Findawdunep® bl ocks

| med at ghiePLAGE edd o ol SNt B) (e Sl TR AlanSHIRHE LA RATPI €

bl ocks, the first synthesis frame having an endi ng synthesized sanpl e bl ock
t hat f ol throngh 4c dxicept twithnttiane ravessaht hesi zed sanpl e black within the first
synthesis frane, and the se ' s;;,r@ aving a starting

synt hesi zed sanpl e bl ock tha p‘fﬁz%gﬁ rg’z&gggé{'gon llpnt erimsynt hesi zed sanpl e
bl ack wi t hi n Thaeecsedecithigy fdrmasiifging aaymbesistvéadowrfundtien stoidstlirpginsrgasehesi zed

sanpl e hl ock, i s. gener at ed .applying a fi nt hesi ilferhank (326) to
Che st art oz B8 7ot Bealovidle KPP ot ke SR HEhE dop S

gene(r]I aé elg‘lrdwnﬁaﬁik hm‘yf@_g either Bidé df{asspnt;&mgit:rsryidglt%eefcblam i@glﬁ&hintppoﬂlhelmendi ng )
encode ock, e first interimsynthesized. sample ck 1s generated by
appl yi ng"“é%%Y:B%@c deviatior s eftﬁdg‘)e‘?‘%wsk ??)d’bﬂlgyf’hﬂ’e‘fﬁﬁaqeﬁt eri m encoded
bl ock and the second interimsynthesized sanple block is generated by

appl ying the second synthesis filterbank to the second interianﬂgeaed

bl ock, and wherein, within a range of frequencies in Hz edﬁé?q%b“éﬁbut

50, 000 divided by the nunber of sanples in the starting synthesized sanple
bl ock to about 150, 00p divided by the nunber of sanples in the starting
synt hesi zed sanpl e bl ock, the frequency response (341) of the first




within a range of frequencies is Hz equal to about 50,000 divided by the
nunber of sanples in the ending synthesized sanple block to about Ii}cﬁ%
di vi ded by the nunber of sanples in the ending synthesized sanpl e9b , 02
the frequency response (341) of the third synthesis filterbank in
conjunction wth the third analysis fjlterbaak &attenuates spectral energy
nore than does the frequency respon‘sg‘of t he second synthesisfilterbank in
conjunction with the second analysis filterbank; and generating an output
signal (330) MYisserbpimamismasties te sodified syntenia sinday funchipn o thatdtchas smalll addi ng
COr r S pPOREiuBPat Y B&dr titTRche HRGRI2RS WHeh Bor? phdpedP VR b RRRE JyikdisRigd4ed sanpl e
bl ocks. 2, A method for signal. processing conprising: receiving as input
si gnal cdWystirg Wﬂbhﬁ'eg%wew%ée BHWEFFQJFSPP?S&H%‘PLTE&‘P%%B@WWI[ dpvitte fiomane
COMPr i Si Nge idedd KBRplotict Hind8WTREAEN k| P 6laF the e 6ARMSY whRLANEL A O

i nformation, er e| &rx first jnput flane has an endi ng_encoded bl ack that

fol | ows delptivest lopn T attepuation ofsgeqijabiplattss iltibg degraded paly glightly as comparpd tand a
second i REdIprdvided B ah W68 iaifRde)pafnbbge Ng the first input frane has a
starting encoded bl ock .that precedes secand, i nteri m encoded bl ock within
the second i ngﬁ'fe"f“lnﬂ f theenthgsy W‘?f@“&@‘é‘f‘i"f‘?@ ffd%ﬂe 'Hf"g‘ék‘“t Pestaudi o
i nf or mat ibamddifidd@s echiddy a desired Stquandl ryspbasefthd medifiehdynthédiewRids Agctsns oded
bl ock co s audi o inforpatiaon filtered b third analysis.filterbanl~
ond t he. i et ol e dreind RSP ik s B tnb A G n 3808 1 it or rmt | on
filtered ehyressicneabast a)fok ¥ S0 Thd mbdifiipsylthesiscitdow fagction (I shown sbyal  ( 323)
identifying a, boundary betweep said first inpput, franme and, sai d second i nput
frame; g TPt g ‘%’“H°Fh§§"§ ngi"é?gs‘t P‘?“&FPé‘pr“}gg’i"hf‘ ﬁ'@%?%%lwé“_éﬁﬂ |fgnclipRyck s
I mredi at vy thE BGERNIMNT ik sHREMME wiNdbeRAdtRo’ lenBNETKYS resaltitt AR dybiRER| ©
bl ocks, the first synthesis fi~anme having as endi ng synthesized sanpl e
bl ock t h3findoyy fuggtionforthe Gest blogkdsi m synt hesi zed sanpl e bl ock within the
first synthesisfiy d the secogg synthesis fi-ane having a starting
synt hesi zed sa haforprsocedes a second interimsynthesized sanple
bl ock within the s& synt hesi s fPane, wherein the starti ng synthesi zed
sanpl e bImig,,j; geH@rﬂﬁled by o’r,ﬂ.p{’pg){i& a first synthesis fil terbank(5()326) to
the starting ‘entod®d;M) ock, the endihg synthesized sanple block is
generated by ap [ third synthesis filterbank (328) to the ending
encoded bl ock, @(ﬁ;&%“gt(")l ntgolriznggfn&hesi zed sanple block is generated by
appl ying a second synthesis filterbank (327) to the first interimencoded
ANl ENpFr wheten##(n) 9 thaRmBotBdg viklswihhatikko,andl t he second i nteri m synt hesi zed
sanpl e bl ock |s. e e . i i filterbaak to
SRR S A ol 8, SEERNT, BB TER Y

t he second interimenco attenuati on of spectral

ener gy bylha modified synthegia svirdpwr famgtion sequifedlzn jhe ofid afladfiaprierisidentigalith gy s

fil terba%&&&g&%&i@% ' %r%@rév@r‘ialfi rst analysis filterbank is optim zed
with respect to that of a reference frequency response (343) to obtain |ess
attenuati on i K¢ freocthingwiadelv Sinctionc¥34] maytoebpsed ge prsqatialss gy raadayyfungiogy i de
nor e at t gRWafer, KD sBB&Eif HWinddR! BItiSH sttt & Witk WoR 18 iaPhampleahe t he first

frequency response as conpared to the attentuati on obtained by the

r ef er enc smpetbpgavindow fngsion $xa KRR aviedow fupptiop of lesgth 128 W@éﬁﬁén@;}‘){&- ddponse
corresponds i | se_respanse;. i ]

i nearl y[l f"é'f)tég%a u?téartrﬂlélgvsg?peé%&len oéiﬁegllﬁ%@%@ﬂowﬁ %1%‘??@(%%%% g‘?‘ﬁ?ﬁt enuation
of spect raad cene3tpillingrates thhishage HF the wodifigd syathpisgind¢v8 fby:tianf witthsdotiine

synthesis filterpank is conjunction with the third amnal ysis ] rbank is
oot ved wi ¢ hi By FeoRR T el apisbayuh afiE wiidamed T

obt ai n | edfdon fugtioatii howh M Fipet 181 Ophes rirestiteths Geqreacyiegoatalat raslponse but
provi de re attenuation of spectral_ splatter tside the.stopband of the
second f[gg’&ugﬁwﬁ?%wgé‘%@%g%ﬂ&?”efﬂ“ 190 { eagtj’é‘iﬂfeﬁeélﬁtg?]&%%f‘gﬁyned by the
r ef er enc Qesphied WAL InalyRiS RAINITRis sPitdin FsiECRD iddoRquiRt6ns witspensad(cddz2) of the
second synthesis filterbank in conjunction with the second anal ysi s

filterbard3 spresentsarn qngeloperaf the neaks for the)lieayensy respqnsn diat isifs A WIRE g
frequency; ' Fﬁ&dc ' ; ' | in Gafdn. BM¥cRYAr | appi ng
adj acent Xgﬁﬁﬁg@e& sarrr(%F ggf)\?glgﬁkg ﬁ%ﬁ%&gggﬁugc%%?e%pﬁdinﬁg over | apped
sanpl es \eboveiand filhetrgedas| capp 843. Asmedyds scea drogethis figuts) owesthed modifigdt hod
according to claim1 or 2 that further conprises discarding one or nore
sanples in said ending synthesized sanple block and one or note sanples in
said starting synthesized sanple block 4. A nethod ac bgd o0 any one of
clains 1 through 3 that further conprises identifyi r@@ plice edit between
said first input frame and said second input frame and generating said
control signal in response thereto. ~M-NO~- SHF_ 9 APR 2002 27




5. A nmethod according to claiml through 3 that further conprises

I denti fyi ng boundari es between successive franes in said input signal
generating said control signal in response thereto so as to ident f P&%OZ
i nput frame preceding a respective boundary as a respective first input
frame and-to irdentify each input frame follow ng a respective boundary as a
respective second input frane. 6. A lethod according to any one of clains 1
through 5 wherein said first synthesis filterbank conprises one or nore

i nver se tsyathssiowindow Auictionsihieves s iﬁsqu@c;dewoﬁwmdt ilnlilmdhﬂtd the thedueld a

Kai ser - Begsel w ndow.funct ss. than two, said

havi n h
second sfﬁipﬁ'ésselagm'f’v PL AR sggx%ﬁﬁsgg!gsg%gﬂ&&ﬁﬁ ‘f%@?‘é‘@“ﬂ’%gf drms and a
synt hesi s wi ndow funﬁybmmwxmﬁuﬁemwmd«amﬁeﬁonamﬁﬂéatm ndow function
having an al p | e ater than t ajd third nthesis filterbank
conpri ses one?‘b ﬁ’iﬁ#‘é‘l‘%ﬂgﬁ?‘ﬁ’%"d F%Vﬁs ﬂ’o‘ﬁ‘éhwat‘fb%ri" ° e e T difict i on
deri ved fsrgmn sgnthedis@oceRe 48 ah Mdmwtﬁewnﬂysxmo&hawdw 36 filkdrhdhds witRbee | ess
t han two. A net hod_accor di o0 any,one, of clains 1 thrqugh 5 wherein
said fir sﬁfquwy FrRonse fof piogks ﬁ%ﬂ Bﬂlﬁ#ﬁyx&égﬂdﬁe E%e@%ﬁgrﬂetmrémma first
synt hesi srheifiltewhls g thOflocks al the SASORndaYiel LRt te delifiedtd QK V IuRES sai d
I nverse transform and a second synthesis w ndow function, and said third

synt hesi §fm°ﬁtﬁémq“€6ﬁﬂr¢%§’§th§’a§ Rrofest terashieverambicispiatisaation efispectrals y nt hesi s
wi ndow f upRkéQRapies. A Met hod according to any one of claims L through 7

wher ein tEe frequency responses of said first analysis filterbaak, said
second anal ysis fil te‘f‘ﬁ%mk“'éfr{ﬂSE%R'G"th’F'ﬂgéhET%%"“I“F’i“f‘@r bank are

subst anti al | y i &fitgisgsdéms RingA M&aﬂm&a&&u&t&nk@ch&lmaeiroﬁhﬂU%ul-,ot hrough 8

that co obtalnnfromsaldf rst ut. flape a Iurallt of
gai n- cogftﬁeofDasmgsffefmwh%w Pféb%gl@ﬁflg %sﬁ‘romslt%gtwrg ﬁiannrfa@émofand a

first endhd\glieafon rda@nthatdnsldigdabsadl mcﬂa Theinsaicélled AERARG aktiTRid mdy e A
plurality o represent a second starting gain

i n- control mords
el ot AP a ST Do 1 the HaRSeRs Fabsattct P a gt o o]
signal ( Ref@ang b4 zn@wvﬁﬁmgtm,rteradambrataeﬁd@mla:maemq{)puebeo$1bdksm §t arting

and first en and era g ai n cont si gnal
(1498, ' 14657 FUGPORRteg: @ IGeRt BOTEL ook o e eash frpeeie PREE and
second endi T @aiaaedxsavﬂf&hesaﬁkhrbdﬁky& @uchﬂiﬂk e aud19 redbRRretl(than ¢k6h framelul at i ng
sai d endi ng synthesized sa [}S)Iocka ordﬂi.n Q said fir Ia control
Sanal  SOTREY BHERE CArACRARge it b (Ssa e Toau at i ng
said st arshj;png;sﬁg ﬁlizh&xgiaz edmstmmpdaaebds ﬂml@ulajan of di:dpgndmg splidtise bowebegal n
control naI | ement a|d f|r S ﬁ fllter(;)aak %‘9 10. A
Govi co. 1 QhTamyirosn B ab P e s TP ghes S TR PR e, npu
si gnal caphatérthda grealiss@sqedoidboee. of i nput frames, a respective input frane
conmprising a Rlel'éttrfaillgl tg ¥ig9§a, 3&%‘%‘1‘861 compnses%)uhjgxaioz(il? t recglvesri)i:ocgs qu audio

information and generates along path 203 a control signal indicating whether an audio block is

the first ar start block in a frame, the last or end block in the frame, or an interim block in the

frame. In response to the control signal received from path 203, switch 204 directs the first or

start block in each frame to first filterbank 205, directs all interim blocks in each frame to

second filterbank 206, and directs the last or end block in each frame to third filterbank 207.

Format 208 assembles the filtered audia information received from each of the three filterbanks

into an output signal passed along path 209.

Fig. Sb illustrates device 220 in which deformat 222 receives an input signal from path

221, obtains therefrom encoded audio information that is passed along path 224, and generates a

control signal along path 223 indicating whether the encoded audio information is the first or

start block in a frame, the last or end block in the frame, or an interim block in the frame. [n

response to the control signal received from path 223, switch 225 directs encoded audio
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audi o information, wherein a first input frame has an endi ng encoded bl ock
that follows a first interimencoded block within the first input franme and
a second input frame i Mmediately following the 'first input framg MPR‘ZUOZ
starting encoded bl ock that precedes a second interimencoded bl ock within
the second input franme, wherein the starting encoded bl ock conveys audi o
information filtered by a first analysis filterbanky the endi ng encoded

bl ock conveys audio information filtered by a third analysis filterbank,

and the ffdrmbticute osesfalde iyntiRdis ARGRASH b BSkireqto e8Yedifih ttbiMagibdrat i on
filtered_ b aqqsigﬁ]g?d nalyéﬁl SJTI |.t er bank; neans faor receiving a control

si gnal (@Eéf f‘&tﬁﬂg* HEHEDRIK 78t ssedsd audig information Rpinterim besks and sai d
sec oEd | fofyedondl byitfesis HR Bk 227, G0 BRIodéd ddiodnthiniatibn fof eSS biscl foE Of

synt hesi ze

sappl | .ocks i di ately preceding a second synthesis frame of
synt hesi ¥8He¥y rgmg%% @%‘ﬁ!"% BeReryes @fﬁ@ﬁb‘%ﬁ"glg“\d?%d’émﬁé() ilhigsnegseda gheng
synt hesi g@hesizddRudio Blockkretdial fom thOWFee dyrtiidsis tltkBhdks ] M synt hesi zed sanpl e
bl ock within the first synthesis frane,” and the second synthesis fi'ane
having a starting synthesized safiesoad Bilterbaaks hat pr ecedes a second interim
synt hesi zed SaQR! GntdldRsdat ¥ dnftheddid e 3RERNEISDARK NARbRmERRIBY .0WiShGE N t he
starting synthesi zed sanple block is generated by applégl ng a first
synt hesi ®odified REP aadan M-pgint unglygis aindoytugcHen asedingdo te SEKDACHrnser a3g

synt hesi giedhss@ R facd, ACK, diftd e 1R OmAYmaRRY ¥edderdnt Schdh fkRLRLRI S
filterbaak (3Z8) to the_endi gig encoded bl ock, the tirst Interimsynthesized

sanpl e bimpdgmented Gy ge Napoiy medifisd pversggCh asbandipoisy syothesis window fimetiemk (327)
to the fidk&ting s @k ONBACAIRHR. PELEANM Ad¥Bn AL ONIDA L RA BN MEwh Zed

sanpl e bl ock I's generated by applying the second synthesis filterbank to
the secoft@<prsiont firpaht seeertiFslsck, and wherein, within a range of

frequenci es wn Hz epyal- tq-yaboyy 01 000 divided by the cumber of sanples in
t he starXﬂﬂgEymmEﬁgﬁJrsa)EpHegl-&k t ookt M50, 000 di vi ded by {(®he
nunber of samples i e startin nt hesi zed sanpl e bl ock, the

[~ FPEr~~~-5 swa_.~ r,9APR 0%”;% frequency response (341) of the first
synt hesi s(nj%H@Haplkdsk—eghﬁun wHGA—W| | hifbred £ h <l anal ysis filterbénhk

at t enuat es s%e’%ral eh y e than/ldoes the frequency response (342) of

t he seco A Lsfilierbank in conjunction with the second anal ysis
filter ba‘g%réggld@%ﬁ%ﬁlﬁdé’er ange of frequencies in Hz equal to about 50, 000
di vi ded by t ve= sigmabsemplefoumberpl es i n t he endi ng synt hesi zed sanpl e block to
about |50, 00Q,diyi gﬂo&yle%g nunber of sanples in the endi ng synthesized
sanpl e bl ock, the Trequen response (34 L) of the third synthesis
filterbank i mepmsetect foo@-TWAB, t he third analysis filterbank attenuates
spectral energy_npre than doe regquency response of the second

synt hesi sfil f'&r ban (%lwﬁdc 'rjltjs?ﬁ?l%ts%% e{/'\ﬁatn t he second anal ysis filterbank; and
means for ged@hattiansformmconfiicipatk. si gnal (330) by overl appi ng adj acent

e SRR 4y S FRORREAIG 5 SR TP

within the overlapped synth zed sanp AT or signal

pr ocessi myndroypatwveriniily taiowegiensfabthe midepdintiofig black, anghown &i Bigal- ThokPACsi ng a
sequence I JdEs | | D fi-ame conprising a plurality
of encod%hggqbtk‘%g{éém{eﬁat c%%%g%ﬁgg%ﬁ%gyud%tzi nformation, wherein a first

i nput fi - ame linagrefored prdbaviiment,dhakmdlyhis amleynthesis winddvofgctions are derivedt er i m
encoded bl ock within the fir. i nput. f . y

e L i L e o S T R S e T L

t hat pr coegsies 242 icKigred. Forteaseioflisiesahe thedel wisdowfihdtions drh eefaedames Wa(put f r ane,
wherein the starting encoded bl oc[g SRIVEYsE audio information filtered by a
first analysis filterbank, the end! ng encoded bl ack conveys audi o

i nformation flatissamed elohodiment; thelfimnfiteymiles if theendyaerand aomiplehentdry denodernd
second ipterim encoclec. -d.bl geks v o py™ ' L . by a
second aar{afmfsl?néeﬂpﬁ%ﬁ’f" él?eb%nqﬁédneanssh%% P E%é%ﬁ‘?%?lﬁgﬁgy%gﬁﬁo dé‘%v.gﬁlnngfl 323 )

i dent i f yiWi(g). Xhdfoowatd ayd inedrsoctensfomiscrd shown ini expregsicng aramd BrebpedivelysBeond i nput

frame; ans, f.or, generating a,fjJyst, synthesis fl f.syn i zed sanpl e
bl ocks mfeﬁ%\%‘ﬁ’e{é"c@Iﬁg%ﬁ)sie%‘gﬁﬁe\étseﬁﬁt“ﬁ‘é’ﬁ o%a{r(gfrfagaso rgél%ﬁﬁnési zed sanpl e
bl ocks, AfigingiaftHictsitehdiasdirted knd-aread bdlééitivg ofithe gipdil ngths loch ds effeed sanpl e

bl ock that follows a first interimsynthesized sanple block within the
first synthesis frane, and the second synthesis frame having a starting
synt hesi zed sanpl e bl ock that precedes a second interim s&é}@g&irzed sanpl e
bl ack within the second synthesis frane, wherein the g =1 EUO~~
~NF~r



9 APR 2002 -30 synthesized sanple block is generated by applying a |ust
synthesis filterbank (326) to the starting encoded bl ock, the engi MR 2002
synt hesi zed sanple block is generated by applying a third synthesis
filterbank (328) to the ending encoded bl ock, the first interimsynthesized
sanpl e black is generated by applying a second synthesis filterbank (327)
to the first interimencoded bl ock2@nd the second interim synthesized
sanpl e bl ock is generated by applying the second synthesis filterbank to

t he secéniigctiontregiom? smé bbdettl zbroaokthe hothdary detwieen the twermgiads i ot thé lesqiggt r al

: e thatta b Loz
i1 o basiey hefidand KEDIUPAEYIoLE TARTDAC aleledt ol 4 rbds GlHesiTodion i m zea

with retspez0.to that of a reference frequency response (343) to obtain |ess

attenuati on 4 . .Qf:. the.firs uen .esponse hut .provide
nmare att enuaﬁloa%lglg?ﬂsn%g%?t ? %fsqéﬁéogf %?uogéjgjéﬁ;'g%r ?’ﬁgﬁ{% S "Sf‘éjelnﬁ first
f i r equeiibyshapsqfahis wirslowdompion adlhtsgatediley @rteddt ireFip. aib. b ixt coimpeshd lay thirdee

ref erence .freguency response,. wher.ein the referen f requency response
cor r espBitans, Bt s srend portions, deienalod o depmients) | g iy 1 aringow

| i near | funttqmeVe(d) deacribedatgrve asd showe inEig. 6af Tiehitod pdntion] ddsigastedmnbsgmaitt enuat i on
of specgr.a “(f?'{} rzg% by a third frequency response (341 ) of the third

synt hesi’s erbank in conjunction with the third analysis filterbank is
optim zed wiThis finsbqmelysis windowdenctién #i(@) enedrey thateke signeljussmnent REpesAst 0
obtain t | {r@fcd - n sponse
but prO{I/F'zégt’%e_ragg}aﬁ?étenu(z:itl'fl %ngfﬁéggg??gf&tsnﬁfn??@%g%%g?3%01’# 5Sr§t{(;%band of
t he secdlinging pesidactstbay aregefinsted frogssegroend & intel sagmenttiewill mpegenerally breeoht ai ned by
the ref £64 Pk it onse (342) of
t he secgél g‘gﬁé){\em 'éetg&lx? {rg?@gﬁﬁﬁl)ur?%g n‘?‘ﬂ%?tgl on h&f@%ﬁﬂ%&%@%ﬁd anal ysi s
filterbsymiheds window fiinction i) isiappied to thesymticsizedagdio hbek. sysa redult, liaving

fi-eque DO : ans for generating an output signal (330) by
overlap%ﬁﬁg&gggécgﬁPsggﬁ?ﬂgsized sanpl e bl ocks and addi ng correspondi ng
over | apped sanpl es within’the ovBriddjtippeltinkynt hesi zed sanpl e bl ocks. 12. A
devi ce accorgi ' 0 . : I ns for

i yfsahf eﬁlbﬂalmelnr 1@ thirl dxte&g&‘g id (HE L&%&ertiﬁ&@c{d{zeg&gaﬂ‘rﬁrg

di scardi ng one or nore sanpfes I n sai ndi ng synt hesi | e bl ock and
one or despderseeripplmentad bafhd modified PAY shywnt dhovd andd nyiifped dorpl efokindowy ; y~~~t 7ED

SHED 02y - ' ' . - claal LO
t hr oug h&f ét%tu%zt%%f ﬁl?et ﬁééﬁa}(ggﬁﬁo@\é{g&ﬁ%‘gﬁ% or &lgc?gé;sth% fn%gﬁggsféoﬁlﬁ iG%!élHrZ’di t
bet weenrespeciivety. The third filterbanks pes of teagtb A o 34/d eandicreatpusingle regiondredf f or

gener at Llﬂ?‘ ? ' Nk f: S‘!'%?; ' SR ] A ' accordi ng
to claim ?%ﬂ?%tuoglhk{‘%knlghat u?r% Eneéngég(rgr%gggés&%gﬁge ?l%nél [ _e%?%{ k;gllﬁlng

boundar gfEsst, beflevitamregion t sof lepgthfzergaad thie houndir betwgen the tworrgionsrigiatfthe

gener at | 1 1 i i i .fy each
Prput 1 "l lsdof AR Wil cdpt BARG oblk, TREPOREBub ot Belal il ¥ U8
fi-ame espniomi~ddM3.fy each input frame following a respective boundary as
a respecti Vené%ﬁ&lﬁ?s ddRitithdsls M BdowlBnctiBaPYhiEr BE G ElBadiQ aANYeddba. Of

claims 10 through™ 14 wherein said first synthesis filterbank conprises one

or nor e Thekapesd ope aytable Findowrfnction s iHuseapdby upeAt? e el semPesd from a
Kai ser - BESRE hoftbAd M firstYoktidANd 3N Ariloas 3BpninP 1) 3 268, ¥Be 4e8&R dn Birdt WO) Sai d

second synthesis filterbank conprises one or nore inverse transforms and a
synt hespertiopsndrsignstedhestsearpenticd dng 3 darg idgntical R&"@@W—@&‘Q%M"S dersrednct i on

havi ng Mv@LMo%ﬁ‘H‘ﬁg.era.eat er than two) and said third synthesis filterbank
conprises one or nore inverse transforns and a synthesis w ndow function
derived fror¥his tixd enatysBadindaw fanction 3 (n) aesutes tatthe bignal Wrscgmemd Is 8- ue | ess
than twy.  16. devi. [ | Al . 14 wherein
o d 11 fae Oy U IREARA DO el NGl () Bncllls a0l
synt hesThe sliasidgurtifactachat are refiesied fromceguknty mtdweginent fl Wil setiggadeallydiepr i ses sai d
inverse transform and..a second nthesi s wi ndow,funct i jud third
synt hes FEOFIOPMERS AR RS, ggcsreti%r(eh lq%%?/eéwglétqtvylgﬁgg %hgﬂghgﬂgﬁlﬁn?ﬂg synt hesi s
W ndow fyneiekik ¥indbw. furkstioe WhGpisapslied ¢ e synchesized andie blukk. Asai mewilt] diasing ough 16
wherein the frequency responses of said first analysis filterbaak, said
second aftifactiexist enly insegmem2Zand said third analysis filterbank are
substantially identical 18. A device according to any of clains 10 through
| 7 that conprises. neans ( 142) for obtaining fromsaid first input frame a
plurality of gain-control words (145) that represent a first séﬁ,rting gain
| evel and a & st ending gain | evel and obtaining f r om AENDEQ SHERd i nput

frame a plurality of gain-control words (145) that represent a second
starting gain |level and a second ending gain level; p, MENO'J ~t'EET




g APR 2002 -~2 neans ( 148) for generating a first gain coatrol signal

149a, 149b) representing an interpolation of the first starting aa(E,IAFR 2002
ending gain | evels and generating a second gain coatrol signal

149b) representing an interpol atioa of the secoad starting -and secoad

endi ng gala | evels; and neans (146) fﬂ_ nodul ati ng sai d endi ng synt hesi zed
sanpl e bl ock accordl ng to said first ‘gain control signal to inplenent said

third th | terb 328 d d t t hesi zed

sarpl e block afitPuiEEs o amel BieiSBE N Jalo 37 A b8t enent ~sai o

f :A\r i It Z )lénf&h&ﬂiaAA ig:céhﬁtﬂiwggﬁle 240 represents the net effect of end-to-end windowing

Y. Agy. ARG 0K, IS5RAUENGT E PV g(apg&% A‘Fd}é\"twwﬁl?@mﬂ farmed fomtba R AUO* AL~

yi[ 0j ]e [ }4 Cp’%@i\ﬁﬁdf]@aﬂr&@bﬁi&ig%}l 664 &) sGrithds]sGrindow functions. Tg; aliasing amfacts in

al cajcalcC ca ca al caj.cal C

Ul c”a] c<a]’13%f*“l““t %e? ?‘L%#g#‘?’%bﬁ‘h} /4"7‘17 MB’@Q&% & W, R%]a“" ancelled by

Af*A| }/qk}c [thd ﬂﬁllﬁ@]h&lfﬂ%]sﬁﬁmk(ﬁadt aslfd fbidck a) aaigited be addtnlscahtadchiakdw (al c(a] cal c

al cal ca c*al C al.cal cal.ca] Ca] Ca

BaBBB(C| CC@EJBS‘M #ﬁ‘ﬁlﬁ‘?ﬁh M#{@cﬂ%{?&di weighteq byranalypissgthesis) caU) ca

Lt T X778 badeeenonn Sotal HoomarPahaa0as o o0k b xl caVl ca] eu] cal ca
ca

V] ca] caV] c"‘éﬁ‘%’é é’:fﬂ?&%ﬁ (oL ﬁfﬁ%ﬁg’gﬁggﬁ"gﬁ‘gﬁj%gﬁ % agjé‘]cﬁ‘éﬂ?]%g ]cal]ca]c*a]c

a] caV] ca] cardetiationdn iyidnihbibekipalrininich bs blocks 12 and 13 or blocks 15 and 16 is accomplished

2i BiFi Q. W.i.i | 4] 7] | Kkx Ok Zk | gb\ WRj e” ZU] c* Vv
| cal cav] cdPeink el TRRG 2 ) o) caV] cal on Vi brav] ca o

UV] ca] caV] ca] cByjusiag dﬁ&\fpdmiquqzwdeskmkdgﬂhﬂmadnumm&s boundedy\wxd no aliasing
yyzzz@1~ytQi d ZlF]ca *al] c*a] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calc*a]c
a] ca] ca] céf@lﬁﬁqﬂ#{ké’]"% Jﬁ’ﬂf%@ dca]ca]ca V] craV] ca] cal 1, CA pv~Bly
p| val gb] W d_ZUThéjtaedce af eriwalda)ishid adhasifiaghanedaine aNpwedssatilyahg aV] ca]

ca 6 a] - PR IR Gb{UEL S0P Joees ek el urfions b M08 cay ca ca
]c*a] ca] c q;\ﬂsér&]:nﬂ}daﬂhﬂt(g&n profile across the overlap interval. At splices, the overlap interval can

extend across many frames; however, it is anticipated that many applications will use a “splice-

overlap interval” that is in the range of 5 to 30 msec. For reasons that will be discussed below, it

is significant that the overlap interval across a splice can be increased.

Gain Control to Attenuate Actifacts at Splices
A technique that may be used to reduce the audibility of artifacts created by a splice is to

incorporate into an encoded audio signal a plurality of gain-control words that instruct a decoder

or playback system to alter the amplitude of the playback signal. Simple embodiments of

devices that use these gain-control words are discussed in the following paragraphs. The

techniques described here for using gain-control words is the subject of a copending application;

however, they may be used advantageously in combination with the techniques for reducing

spectral splatter that are discussed above.

Fig. 4a illustrates a functional block diagram of device 100 in which format 111

generates along path 112 an output signal arranged in frame§ comprising video information,

encoded audio information representing multiple audio channels, and gain-control words.

Format 111 generates the output signal in response to a signal received from path 108 that is

arranged in frames conveying video information and encaded audio information for the multiple

audio channels, and in response to a signal received from path 110 that conveys gain-control

words. Process 109 receives multiple control signals from paths 103a and 103b, each associated
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V] cMaV] ca] ca] caV] ca] ca] caV] ca] caV] ca] ca”;
=Gku/ 3D Y_{vpke ZU gb]Wd_zZU*] caV] ca] caV] ca] caV] ca] ca] c*a] ca] ca] sa‘AB% 2902
] ca] caV] ca] caV] ca] caV] caV] caV] ca
V] cMaV] ca] ca] ca] caV] ca] caV] ca] ca_h&N\pF=A4>Y"i qwy} xr ke ZUl gb] W d_ZU*] caV] ca]
caV]ca V]cnaV] ca]caV] ca
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V] caF7Zkv| GY=@CS} xsni ¢ Xi d_ZU*] cV] ca] caV] ca] ca] ca] ca] ca] c*a] ca] ca] ca] cal] ca
]S$ ?] cg] evithoad ?f*thmﬂllma]mﬁd 3ﬁhmdxaai inadépoirt enddbic adntraMgnal] §@Vda£b§alongvj el

N bo c v ni /X d al cal,caVlcal caV] ca] cal caV]ca] ca] ca
s G i ARG} G e Baied MO R abpef Rl ke siep o iactng
V] c”aV] gaivhed ak{iog gﬁLM]tmEMrésb‘etzweﬁng'bxﬂ!Lﬂd] wafslajgadyimahaand cal caV] ca] caV
e Skt hat hahethe: ks s erhe M cAl SR IRE sa el e el ¢ o)
{val gb] hfigiealdy vR hedikd al didr: Bl G dhadheGal daikg@] cal cal cal cha] cal c(a] cal ca]
a] ca] ca] ca] ca] ca] c*a)ca]ca]calcalc*a]calcald *"[ nbQyo% wP

{ '] wr mhe~ YUpdhe asdp %@@P@%@E‘}QS‘&]@%&@&'}*@&P@% Eaé‘}ﬂcméﬂ ] 106l enseded a] ca] ca] ca]

calcalc i 4458790;
<::::k>g‘1(§%%gﬁu§mﬁlqﬁﬁ ﬁa‘%gt]%k&? l%lga'fﬂ A gg cg caj ca]ca]cajca
] c* a] caleaebioapatis] ©23 mdalpab a]xvt &}ma}@aﬁeoerat]et&]: sighad aqocal O3 @garcaggiogy-+++. 03444
458790;

<::::k>9>f§a’5n5:'3}"3?%?1llng)"2ﬁ]ocl:l]nf“]ﬂm‘]1 ]né]a]h ]lca(i t(lzlgtf%caofed ¥ "}f nj‘a(t:l%'] ca vceg] ca) cal ca
] c*a] ca}rga]pefé]ut@ja t¥pc*a] c"a] ca] ca] ca] c*a] ca] cal ca] cagH $

Tov: () Stove 3By %é%%@%‘%gn%ﬁ%%&%{% NE S5
109%&' () slgqa@mse(d)alosg pabROY; }he@f@omhﬂ(r)cn@ﬁ&(bﬂ/%pf{r)ﬁn@slm are required. In

10%& e g&ﬁ&n‘s)thﬁ‘ma @t& 30165 g&({%éﬁ b Q)pi]igi t;I)Qach audlo channe
<10%& () 6! 10%& ()-! O!109%& /y Sunr?j @3 10%&! 1095,
& () - ! gdssedently og lgmilo%wek*{d)m'gﬂmnm&uqu i“L @%&ucés) Fegemuodes 4§3YG ~ @3
0% L OeE&dib, edﬁ @& 6d ap Qfﬁ to two or more audia channels to lower total

10d <10‘VG& ()- O%G& -' P& 109G, () -! * N7~

1008 (yandw We(nfntﬁ EOW'&"’(‘% O fef WM@!@}“%W@ ﬂ"r ‘the@fas& ()-* C

) | Qa#tb#c # d#ig Me ghusifates k@& Honal block diagram of device 140 that generates output signals

to repraduce or playback multiple audio channels according to gain-control words in an input

signal. Deformat 142 receives from path 141 an input signal arranged in frames comprising
video information, encoded audio information and gain-control words. Deformat 142 obtains
from each frame of the input signal encoded audio information representing multiple audio
channels and obtains a pair of gain-control words associated with each of the audio channels.
Process 148 receives the gain-control words from path 145 and in response generates gain
coatrol signals along paths [49a and 149b. Decode 146 receives the multiple channels of
encoded audio information from paths 144a and 144b and in response generates an output signal
for each audio channel such that the amplitude or level of each output signal is varied in
response to an associated gain control signal.

A pair of gain-control words represents a starting gain and an ending gain for a
respective audio channel within a particular frame. Process 148 generates gain control signals
representing an interpolation of the pair of gain-control words. The interpolation may follow any
desired trajectory such as linear, quadratic, logarithmic or exponeatial. With linear interpolation,
for example, a gain control signal would represent a gain that changes linearly across a

particular frame.
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applications that use a synthesis filterbank and a synthesis window function, the output signal
may be effectively modulated according to a gain countrol signal by modifying encoded audio
prior to application of the synthesis filterbank, by modifying synthesized audio obtained from
the synthesis filtecbank prior to synthesis windowing, or by modifying the audio information
obtained from the application of the synthesis window function.

Fig. 4b illustrates a functional block diagram of device 120 that modifies existing gain-
control words in a signal. Deformat 123 receives from path 121 an input signal arranged in
frames comprising video information, encoded audio information representing multiple audio
channels, and input gain-control words. Deformat 123 obtains from the input signal one or more
input gain-coatrol words associated with the encoded audio information for one of the multiple
audio channels and passes the input gain control words along paths 124a and [24b. Process 126
generates one or more output’ gain-coatrol words along path 127 by modifyiag one or more input
gain-coatrol words in respoase to a coatrol signal ceceived from path 122, Fornat 128 generates
along path 129 an output signal that is acranged in frames including the video information, the
encoded audio information for the multiple audio channels, the output gain coatrol words and
the input gain-control words that do not correspond to the output gain-control words.

In an editing application, control signal 122 indicates a splice in input signal 121. In
response, process 126 generates one or more output gain-control words that will cause a device
such as device 140 to attenuate a playback signal immediately prior to the splice and to reverse
the attenuation immediately after the splice. The change in gain may extend across several
frames; however, in many applications the change is limited to one frame oa either side of the
splice. The gain-change interval may be determined by balancing the audibility of modulation
products produced by the gain change with the audibility of the gain change itself. The gain-

control word technique is not limited to editing applications.
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eeeeez[ PE:$ ! 1QUkid{dflan input signal comprising a sequence of input frames, a respective
input frame comprising a plurality of encoded blocks that convey encaded audio
information, wherein a first input frame has an ending encoded block that follows a ficst
interim encoded block within the first input frame and a second input frame immediately
following the first input frame has a starting encoded block that precedes a second
interim encoded block within the second input frame, wherein the starting encoded block
conveys audio informatioa filtered by a first analysis filtecbaak, the ending encoded
block conveys audio information filtered by a third analysis filterbank, and the first and
second interim encoded blocks convey audio information filtered by a second analysis
filterbank;
receiviog a control signal (323) identifying a boundary between said first input
frame and said second input frame;
generating a first synthesis frame of synthesized sample blocks immediately
preceding a second synthesis frame of synthesized sample blocks, the first synthesis
frame having an ending synthesized sample block that follows a first interim syathesized
sample block within the first synthesis frame, and the second synthesis frame having a
starting synthesized sample block that precedes a second interim synthesized sample
block within the secoad synthesis frame, wherein the starting synthesized sample black
i3 generated by applying a first synthesis filtecbank (326) to the starting encoded block,
the ending synthesized sample block is generated by applying a third synthesis filterbank
(328) to the ending encoded block, the first isiterim synthesized sample block is
generated by applying a second synthesis filterbank (327) to the first interim encoded
block and the second interim synthesized samgple block is generated by applying the
second synthesis filterbank to the second interim encoded block, and wherein,
within a range of frequencies in Hz equal to about 50,000 divided by the
number of samples in the starting synthesized sample block to about 150,000
divided by the number of samples in the starting synthesized sample block, the
frequency response (341) of the first syathesis filterbankin conjunction withthe
first analysis filterbank attenuates spectral energy more than does the frequency
respoase (342) of the second syathesisfilterbank in conjunction with the secoud

analysis filterbank, and
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within a range of frequencies in Hz equal to about 50,000 divided by the
number of samples in the ending synthesized sample block to about 150,000
divided by the number of samples in the ending synthesized sample block, the
frequency response (341) of the third synthesis filterbank in conjunction with the
third analysis filterbank attenuates spectral energy more than does the frequency
respanse of the second synthesisfilterbank in conjuaction with the second
analysis filterbank; and
generating an output signal (330) by overlapping adjacent synthesized sample
blocks and adding corresponding overlapped samples within the overlapped synthesized

sample blocks.

2. A method for signal processing comprising:

receiving an input signal comprising a sequence of input frames, a respective
input frame comprising a plurality of encoded blocks that convey encoded audio
information, wherein 4 first input frame has an ending encoded block that follows a first
interim encoded block within the first input frame and a second input frame immediately
following the first input frame has a starting encoded block that precedes a second
interim encoded block within the second input frame, wherein the starting encoded block
conveys audio informatioa filtered by a first analysis filterbank, the ending encoded
block coaveys audio information filtered by a third analysis filtecbank, and the ficst and
second interim encoded blocks convey audio information filtered by a second analysis
filterbank;

receiving a control signal (323) identifying a boundary between said first input
frame and said second input frame;

generating a ficst syathesis frame of synthesized sample blocks immediately
preceding a secand synthesis frame of synthesized sample blocks, the first synthesis
frame having an ending synthesized sample block that follows a first interim synthesized
sample block within the first synthesis frame, and the second synthesis frame having a
starting synthesized sample block that precedes a second interim synthesized sample
block within the second synthesis frame, wherein the stacting synthesized sample block
is generated by applying a first synthesis filterbank (326) to the starting encoded block,
the ending synthesized sample block is generated by applying a third synthesis filtecbank
(328) to the ending encoded black, the first interim synthesized sample block is
generated by applying a second synthesis filtecbank (327) to the first interim encoded
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attenuation of spectral energy by a first frequency response (341) of the
first synthesis filterbank in conjunction with the first analysis filterbank is
optimized with respect to that of a reference frequency response (343) to obtain
less attenuation in the stopband of the first frequency response but provide more
attenuation of spectral splatter outside the stopband of the first frequency
respanse as compared to the attentuation obtained by the reference frequency
response, wherein the reference frequency response corresponds to an impulse
response substantially conforming to a linearly-tapered ramp over an interval of
about 5 milliseconds,

attenuation of spectral energy by a third frequency response (341) of the
third synthesis filterbank in conjunction with the third analysis filterbank is
optimized with respect to that of the reference frequency response to obtain less
attenuation in the stopband of the second frequency response but provide more
attenuation of spectral splatter outside the stopband of the second frequency
respoase as compared to the attentuation obtained by the reference frequency
response, and

a second frequency respoase (342) of the second synthesis filtecbank in
conjunction with the second analysis filtertbank differs from the first frequency
response and the third frequency response; and
generating an output signal (330) by overlapping adjacent syathesized sample

blacks and adding corresponding overlapped samples within the overlapped synthesized

sample blocks.

3. A method according to claim 1 or 2 that further comgprises discarding one or more
samples in said ending synthesized sample block and one or more samples in said starting

syathesized sample block.
4. A method according to any one of claims 1 through 3 that further comprises

identifying a splice edit between said ficst input frame and said second input frame and

generating said control signal in response thereto.
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a respective second input frame.

6. A method according to any one of claims 1 through 5 wherein said first synthesis
filtecbank comprises one or more inverse transforms and a synthesis window function derived
from a Kaiser-Bessel window function having an alpha value less than two, said second
synthesis filterbank comprises one or more inverse transforms and a synthesis window function
derived from a Kaiser-Bessel window function having an alpha value greater than two, and said
third synthesis filterbank comprises one or more inverse transforms and a synthesis window

function derived from a Kaiser-Bessel window function having an alpha value less than two.

7. A method according to any one of claims 1 through 5 wherein said first synthesis
filterbank comprises an inverse transform and a first synthesis window function, said second
synthesis filterbank comprises said inverse transform and a second syathesis window functioa,
and said third synthesis filterbank comprises said inverse transform and a third synthesis

window function.

8. A method according to any one of claims | through 7 wherein the frequency
responses of said first analysis filterbank, said second analysis filterbank and said third analysis
filterbank are substantially identical.

9. A method according to any of claims | through 8 that comprises.

obtaining from said first input frame a pluraiity of gain-control words (145) that
represent a first starting gain level and a first ending gain level and obtaining from said
second input frame a plurality of gain-control words (145) that represent a second
starting gain level and a second ending gain level;

generating a first gain control signal (149a, 149b) representing an interpolation of
the first starting and first ending gain levels and generating a second gain control signal
(149a, 149b) representing an interpolation of the second starting and second ending gain

levels; and
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10. A device for signal processing comprising:
means for receiving an input signal comprising a sequence of input frames, a
respective input frame comprising a plurality of encoded blocks that convey encoded
audio information, wherein a first input frame has an ending encoded block that follows
a first interim encoded block within the first input frame and a secoad input frame
immediately following the first input frame has a starting encoded block that precedes a
. second interim encaded block within the second input frame, wherein the starting
encoded block conveys audio information filtered by a ficst analysis filterbank, the
ending encoded block conveys audio information filtered by a third analysis filterbank,
and the first and second interim encoded blocks convey audio information filtered by a
second analysis filterbank;
means for receiving a control signal (323) identifying a boundary between said
first input frame and said second input frame;
means for generating a first synthesis frame of synthesized sample blocks
immediately preceding a second syathesis frame of synthesized sample blocks, the first
synthesis frame having an ending synthesized sample block that follows a first interim
synthesized sample block within the first synthesis frame, and the second synthesis
frame having a starting synthesized sample block that precedes a second interim
synthesized sample block within the second syathesis frame, wherein the starting
synthesized sample block is generated by applying a first syathesis filterbank (326) to
the starting encoded block, the eading synthesized sample block is generated by applying
a third synthesis filterbank (328) to the ending encaded block, the first interim
synthesized sample block is generated by applying a second syuthesis filterbank (327) to
the first interim encoded block and the second interim syathesized sample block is
generated by applying the secomi synthesis filtecbank to the second interim encoded
block, and wherein,
within a range of frequencies in Hz equal to about 50,000 divided by the
number of samples in the starting synthesized sample block to abaut 150,000

divided by the number of samples in the starting synthesized sample block, the
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divided by the number of samples in the ending synthesized sample block, the
frequency response (341) of the third synthesis filtecbank in conjunction with the
third analysis filterbank attenuates spectral energy more than does the frequency
respoase of the second synthesisfilterbank in conjunction with the second
analysis filterbank; and
means for generating an output signal (330) by overlapping adjacent synthesized

sample blocks and adding corresponding overlapped samples within the overlapped

synthesized sample blocks.

11. A device for signal processing comprising;:

means for receiving an input signal comprising a sequence of input frames, a
respective input frame comprising a plurality of encoded blocks that coavey encoded
audio information, wherein a first input frame has an ending encoded block that follows
a first intedim encoded block within the first input frame and a secoand input frame
immediately following the first input frame has a starting encoded block that precedes a
second interim encoded black within the second input frame, wherein the starting
encoded block conveys audio information filtered by a first analysis filterbank, the
ending encoded block conveys audio information filtered by a third analysis filterbank,
and the (irst and second interim encaded blocks canvey audiq infarmation filtered by a
second analysis filterbank;

meaans for receiving a control signal (323) identifying a boundary between said
first input frame and said second input frame; \

means for generating a first synthesis frame of synthesized sample blocks
immediately preceding a second syuthesis frame of syathesized sample blocks, the first
synthesis frame having an ending synthesized sample block that follows a first interim
syathesized sample block within the first synthesis frame, and the second synthesis
frame having a starting synthesized sample block that precedes a second interim

synthesized sample block within the second synthesis frame, wherein the starting
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the starting encoded block, the ending synthesized sample block is generated by applying

a third synthesis filterbank (328) to the ending encaded block, the ficst interim
synthesized sample block is generated by applying a second syathesis filterbank (327) to
the first interim encoded block and the second interim syathesized sample block is
generated by applying the second synthesis filterbank to the second interim encoded
block, and wherein,
attenuation of spectral energy by a first frequency response (341) of the
first synthesis filterbank in conjunction with the first analysis filterbank is
optimized with respect to that of a reference frequency response (343) to obtain
less attenuation in the stopband of the ficst frequency response but provide mare
attenuation of spectral splatter outside the stopband of the first frequency
response as compared to the atteatuation obtained by the reference frequency
response, wherein the reference frequency response corresponds to an impulse
respoanse substaatially conforming to a linearly-tapered ramp over an interval of
about 5 milliseconds,
attenuation of spectral energy by a third frequency response (341) of the
third synthesis filterbank in cogjunction with the third analysis filterbank is
optimized with respect to that of the reference frequency response to obtain less
attenuation in the stapbaand of the second frequency response but provide more
attenuation of spectral splatter outside the stopband of the second frequency
response as compared to the attentuation obtained by the reference frequency
response, and
a second frequency response (342) of the second synthesis filterbank in
conjunction with the second analysis filterbank differs from the first frequency
response and the third frequency response; and
meaas for geperating an output signal (330) by overlapping adjacent synthesized

sample blocks and adding corresponding overlapped samples within the overlapped

synthesized sample blocks.
12. A device according to claim 10 or 11 that further comprises means for discarding

one or more samples in said ending synthesized sample block and one or more samples in said

starting synthesized sample block.
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15. A device according to any one of claims 10 through 14 wherein said first synthesis
filterbank comprises one or more inverse transforms and a synthesis window function derived
from a Kaiser-Bessel window function having an alpha value less thaa two, said second
synthesis filterbank comprises one or more inverse transforms and a synthesis window function
derived from a Kaiser-Bessel window function having an alpha value greater than two, and said
third synthesis filterbank comprises one or more inverse transforms and a syathesis window

function derived from a Kaiser-Bessel window function having an alpha value less than two.

16. A device accarding to any one of claims 10 through 14 whegein said first synthesis
filterbank comprises an inverse transform and a first synthesis window function, said second
synthesis filtecbank comprises said inverse transform and a second synthesis window function,
and said third synthesis filterbank comprises said inverse transform and a third synthesis

window function.

17. A device accodding to any one of claims 10 through 16 wherein the frequency
responses of said first analysis filterbank, said second analysis filterbank and said third analysis
filterbank are substantially identical.

18. A device according to any of claims 10 through 17 that compriseé.

means (142) for obtaining from said first input frame a plurality of gain-control
words (145) that represent a first starting gain level and a first ending gain level and
obtaining from said second input frame a plurality of gain-control words (145) that

represent a second starting gain level and a second ending gain level,
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an interpolation of the first starting and first ending gain levels and generating a second

ng 73]c"

gain control signal (149a, 149b) representing an interpolation of the second starting and
second ending gain levels; and

means (146) for modulating said ending synthesized sample block according to
said first gain control signal to implement said third synthesis filterbank (328) and
modulating said starting synthesized sample block according to said second gain control
signal to implement said first synthesis filterbank (326).



